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Abstract

The DRI/OGC analyzers used for IMPROVE carbon analysis since 1987 are obsolete.
They break down frequently, spare parts are no longer manufactured, and data acquisition and
processing software is antiquated and not compatible with current software. The Model 2001
carbon analyzer has been designed and tested as a replacement for future IMPROVE sample
analysis

Tests on nine sets of samples from different environments were conducted to determine
the comparability between the DRI/OGC and Model 2001 units. Methods to better calibrate the
IMPROVE temperature protocol and to measure the oxygen (Oz) content of the helium (He)
carrier gas were developed and applied as part of these tests. These tests revealed that:

e TC (total carbon), OC (organic carbon), and EC (elemental carbon) are comparable
among different instruments with the same design and between different instrument
designs for the IMPROVE thermal optical reflectance (IMPROVE_TOR) protocol
and other temperature protocols that use reflectance for pyrolysis charring
corrections.

e OC and EC are sensitive to the temperature protocol when a transmittance pyrolysis
charring correction is used. The difference depends on the type of sample and can be
as high as a factor of 3 or 4 for EC.

e Thermally defined carbon fractions (OC1, OC2, OC3, OC4, EC1, EC2, EC3, and OP)
measured with the DRI/OGC units are highly variable due to differences in the
sample temperature and O, level in the pure He carrier gas. These conditions are
much better controlled in the Model 2001.

e DRI/OGC temperature and carrier gas conditions can be simulated in the Model
2001, but the high variability in the DRI/OGC analyses does not define an exact
condition to be replicated.

e After temperature calibration, sample temperature in the DRI/OGC analyzers is 20—
40 °C higher than the specified protocol. An adjustment can be made in the Model
2001 to represent the actual IMPROVE protocol.

It is recommended that;:

e For IMPROVE samples collected in calendar year (CY) 2005, begin analysis with the
Model 2001 using the revised IMPROVE protocol IMPROVE_A) rather than the
actual and more variable DRI/OGC temperature and atmosphere conditions.
Calibrate thermocouples to obtain stated IMPROVE A temperatures within +3 °C.
Institute periodic quality control checks of temperature calibration and carrier gas
composition. Calibrate reflected and transmitted laser responses among instruments
and report initial, minimum, and final values in the data base. Report negative as well
as positive TOR and TOT pyrolysis charring corrections.

¢ In addition to regular replicates measured among the five Model 2001 analyzers,
analyze an additional 5% of replicates on two of the DRI/OGC analyzers for at least
one year. If discrepancies exceeding 10% in TC, OC, or EC are found between the
Model 2001 and DRI/OGC analyzers, an additional 5% of replicates will be analyzed
to verify the causes. Operate the DRI/OGC analyzers according to current procedures



with periodic audits of their temperatures and carrier gas compositions. Conduct
further comparisons of TC, OC, EC, and the carbon fractions.

Report Model 2001 carbon fractions with new identifiers (OC1A, OC2A, etc.) so they
won’t be confused with previous values. Report the 5% DRI/OGC values with their
current denomination.

Analyze additional data to: 1) determine effects of analyzer change on TC, OC, and
EC for a wider range of samples than those reported here; 2) determine variability of
thermal carbon fractions within and between instrument designs; 3) determine effects
of mineral oxidation and catalysts on EC evolution; 4) better identify heavily loaded
samples and residual minerals from optical measurements; and 5) estimate different
absorption efficiencies of atmospheric and filter pyrolyzed char from reflectance and
transmittance measurements.

Conduct systematic studies of new and archived source samples to define thermal
carbon fractions that better represent adsorbed organic vapor and source
contributions.
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1 INTRODUCTION

1.1 Background

Organic carbon (OC) and elemental carbon (EC) analysis of aerosol samples on quartz-
fiber filters was established at the Desert Research Institute (DRI) in 1986 in support of the State
of Nevada Air Pollution Study (SNAPS, Chow et al., 1988). The carbon analyzer used for these
measurements was designed and constructed by Dr. John Rau of the Oregon Graduate Center
(OGC, now called Oregon Graduate Institute, OGI), and was the latest in a series of designs
developed at OGI (Huntzicker et al., 1982, Johnson et al., 1981, Rau, 1986, Shah, 1981, Watson,
1979). The thermal evolution protocol was based on that of Rau (1986), with adjustments in
temperature plateaus to minimize pyrolysis charring and to lengthen residence times at each
temperature to allow most of the carbon at that temperature to evolve before proceeding to the
next plateau. This analyzer and protocol were applied to samples from the Winter Haze
Intensive Tracer Experiment (Malm et al., 1989) in 1987.

The IMPROVE (Interagency Monitoring of PROtected Visual Environments) network
was established in 1988, and four additional DRI/OGC analyzers of identical design were
constructed to accommodate the increasing number of samples. The thermal/optical reflectance
(TOR) protocol implemented on these analyzers was adopted for IMPROVE OC and EC
measurements, and it eventually became known as the IMPROVE_TOR protocol (Chow et al.,
1993). TOR refers to the use of reflected laser light to monitor the darkening (charring due to
pyrolysis of OC) of sampled OC as the sample is heated in an oxygen (O,)-starved environment.
This contrasts with thermal optical transmittance (TOT) methods that monitor laser light
transmitted through, rather than reflected from, the sample.

Other thermal evolution instruments implementing different temperature and optical
protocols have been constructed and applied throughout the world (see Appendix A for a partial
listing). Numerous comparison studies (see Appendix B for a summary) have shown differences
between the OC and EC measured by these different instruments and protocols, although the
total carbon (TC = OC + EC) is usually the same when the instruments are similarly calibrated.
Since EC is normally the smaller component of TC, its concentration is most sensitive to the
method applied. Currie et al. (2002), for example, report a factor of 7 range in EC levels for
different measurement methods applied to a standard reference material (SRM 1649a).
Differences by factors of 2 or 3 in EC among different methods are common.

Although the knowledge base has increased since 1986, the “best” or “correct” way to
measure OC and EC has not been resolved (Richard et al., 2003). It is doubtful that there is a
“correct” method, and claims have never been made that the IMPROVE protocol meets that goal.
However, great efforts have been expended to assure that application of the IMPROVE protocol
is consistent, as is necessary for a long-term trends network. The same protocol on the same
instruments has been applied to more than 200,000 samples from IMPROVE and other networks
since 1986. Re-analysis of archived sample remnants and replicates verifies that the OC and EC
values have been equivalently quantified for the past 18 years.

In the early 1990s, it was noticed that the seven thermally derived carbon fractions
measured by IMPROVE _TOR were different for different source emissions (Watson et al.,
1994). Since these fractions were a natural outcome of the analysis, it was decided to report
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them into the IMPROVE data base, along with the optical particle correction that accounts for
charred OC (the portion of OC that turns to EC in an inert atmosphere at high temperatures).
Recent use of these fractions in receptor models (Kim and Hopke, 2004, Kim et al., 2004a,
2004b, 2004c, Maykut et al., 2004) indicates that they might have some relationship to
contributing sources at IMPROVE sites. However, these apportionments have not yet been
confirmed by source tests, and the IMPROVE temperature plateaus are not optimized to bracket
boiling points of OC compounds that might be distinctive source markers.

By the late 1990s, it was evident that the DRI/OGC analyzers were wearing out. Some
components were no longer manufactured and the data acquisition system was antiquated. It was
also recognized that a more versatile instrument was needed to better understand the causes of
OC and EC differences among different thermal/optical protocols. The Model 2001 (Atmoslytic
Inc., Calabasas, CA) was developed and made commercially available for this purpose. The
Model 2001 has automatic sample positioning, more rapid temperature response, improved seals
and flow control, greater heating capacity, advanced electronics, modern data acquisition, the
potential for an automated sample changer, and the ability to simultaneously measure reflectance
(R) and transmittance (T). Thirty-five Model 2001 analyzers are currently in use in the U.S.,
Canada, Mexico, Japan, China, Taiwan, Hong Kong, and France to implement the IMPROVE
and other thermal/optical carbon analysis protocols.

Initial comparisons (Chow et al., 2004a) of IMPROVE samples analyzed by the
DRI/OGC and Model 2001 implementing the IMPROVE_TOR protocol showed good agreement
between the TC, OC, and EC fractions, but sometimes showed large differences between
concentrations for the seven thermal carbon fractions. Further testing (Chow et al., 2004b)
showed the OC and EC split is the same for widely divergent temperature protocols with the
TOR pyrolysis/char correction, although it is very sensitive to temperature for the TOT
correction. This was attributed to charring of organic vapors adsorbed within the filter (Chow et
al., 2004b, Chen et al., 2004) that dominate the T but have a negligible effect on R. The question
remained, however, as to why the thermal sub-fractions were different for the two analyzers, and
the answer is the subject of this report.

1.2 Objectives

The objectives of this study are to:

e Document physical and operational differences between the DRI/OGC and Model
2001 thermal/optical carbon analyzers.

e Describe methods for determining the sample temperature and composition of
analysis atmosphere during thermal analysis.

e Quantify differences between sample temperatures and analysis atmospheres for
different instruments.

e Quantify the effects of deviations from the stated IMPROVE TOR protocol in
different instruments on the IMPROVE carbon fractions.
1.3  Overview of Report

This introduction has provided the background and stated the objectives for this report.
Section 2 describes the DRI/OGC and Model 2001 instruments and their similarities and
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differences. It reports results of temperature calibration and carrier gas composition
experiments. Section 3 examines the comparability among TC, OC, EC, and carbon fractions
measured by the two instruments. Section 4 quantifies how fluctuations in sample temperature
and carrier gas affect the carbon fraction concentrations. Section 5 recommends an approach for
replacing the DRI/OGC analyzers with the Model 2001 analyzers.



2 MEASUREMENT METHODS

2.1 IMPROVE Thermal/Optical Protocol

Figure 2-1 illustrates the output of a carbon analyzer following the IMPROVE protocol.
A 0.5 cm’ sample punch taken from a quartz-fiber filter is subjected to different temperature and
oxidation environments. Carbonaceous materials are volatilized, pyrolized, and combusted to
gas-phase compounds that leave the sample and are converted to carbon dioxide (CO;) as they
pass through an oxidizer (manganese dioxide [MnO;] at 912 °C). The CO, is reduced to
methane (CH,) as the carrier gas passes through granulated firebrick impregnated with a nickel
catalyst at ~420 °C. The CHy4 is then quantified by a flame ionization detector (FID). A helium-
neon (He-Ne) laser (633 nm, red light) is directed at the deposit side of the sample punch, and
the R from—and with the Model 2001, T through—the filter is monitored throughout the
analysis.

During heating in the non-oxidizing He atmosphere, some of the OC on the filter
pyrolyzes to EC in the absence of O,, as seen by the decrease of R and T in Figure 2-1. Organic
pyrolysis char (OP) is defined as the carbon measured after the introduction of the He/O,
atmosphere at 550 °C but before R returns to its initial value. If R attains its initial value prior to
O, introduction (i.e., early split), OP can be reported as either zero (default for the IMPROVE
network) or as a negative value. This can occur when EC is mixed with oxidizing minerals
(Fung, 1990, Sciare et al., 2003) or catalysts (Lin and Friedlander, 1988a, 1988b, 1988c) in the
sampled aerosol, when a heavily loaded sample saturates the optical signal, or when small
amounts of O, are in the He carrier gas.

The nominal IMPROVE temperature plateaus in pure He are 120 °C, 250 °C, 450 °C, and
550 °C, and the corresponding thermal carbon fractions are called OC1, OC2, OC3 and OC4.
Temperature is ramped to the next step when the FID response returns to baseline or remains at a
constant value for more than 30 seconds; the residence time at each plateau is longer for more
heavily loaded samples. The analysis atmosphere is then switched to 2% 0,/98%He.
Temperature plateaus in the 2% 0,/98% He atmosphere are 550 °C (EC1), 700 °C (EC2), and
800 °C (EC3). TC, OC, and EC are calculated from the eight carbon fractions as:

TC=0C +EC (2-1)
OC =0OCI1 + OC2 + OC3 + OC4 + OP (2-2)
EC=EC1 + EC2 + EC3 - OP (2-3)

2.2  Description of Analyzers

Figure 2-2 compares configurations for the DRI/OGC and Model 2001 analyzers. Major
differences between the two instruments are summarized in Table 2-1. The location of the
thermocouple temperature sensor with respect to the sample is shown in Figure 2-3. The Model
2001 allows both R and T to be measured simultaneously. T was originally added to facilitate
comparisons between samples analyzed by the IMPROVE TOR and Speciation Trends Network
(STN_TOT) protocol (Peterson and Richards, 2002). The STN is a counterpart to IMPROVE at
urban locations. Comparisons (Chow et al., 2001) for the same samples showed EC by
IMPROVE_TOR to be 2 to 4 times EC determined by STN_TOT.
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As shown in Figure 2-3, the thermocouple does not come into contact with the sample.
Sample temperature may differ from thermocouple temperature owing to: 1) temperature
gradients in the sample oven, 2) different thermal properties for the sample and thermocouple,
and 3) temperature gradients between the analysis oven and oxidation oven.

The DRI/OGC sample oven consists of a Nichrome heating coil (75 mm long x 18 cm
outside diameter) within a large firebrick block (300 mm long x 190 mm wide x 190 mm high).
Part of the coil is exposed to ambient air. The temperature gradient in the sample oven ranges
from ~20 °C/cm at 1% power output to ~50 °C/cm at 75% power output (>600 °C). The Model
2001 sample oven consists of heavy Nichrome wire (45 mm length x 50 mm height on either
side) in a vertical zigzag pattern imbedded in small firebrick blocks (63 cm long x 50 mm wide x
100 mm high) on both sides of the sample. This design reduces the temperature gradient in the
oven.

In the DRI/OGC carbon analyzer, the sample punch is 2-4 mm from the tip of the
thermocouple (i.e., temperature sensor) and the thermocouple is shielded. The ungrounded type-
K thermocouple has a sheath diameter of 0.32 cm (one-eighth inch). It requires ~18 s to
equilibrate its response to a given temperature plateau. The standard operating procedure (DRI
SOP 2-204.6) specifies that the thermocouple/pushrod is backed up “slightly” after pushing a
sample punch into the oven to avoid direct contact between the sample and thermocouple. This
manual operation creates some variability in the distance between the sample and thermocouple
and the precise location of the sample within the oven.

The Model 2001 minimizes the distance between the sample punch and thermocouple
sensor. The sample punch is placed in a quartz holder parallel to the carrier gas stream. The tip of
the grounded type-K thermocouple is exposed (i.e., no external shielding, different from the
DRI/OGC unit) and located approximately 1 mm under the edge of the filter punch to minimize
interference with the R and T measurements. The thermocouple time constant is ~1 s. The
temperature sensor is always in the same location relative to the sample within a given analyzer
until the thermocouple is replaced. Sample movement is controlled by an electric step motor that
ensures a repeatable sample position in the oven.

There is a perpendicular connection (90° crossover area) between the sample and
oxidation oven in the DRI/OGC analyzer. This crossover area may be cooler than the area within
sample oven. Some of the carbon gases released from the sample may condense on the glass wall
in this zone, to be re-volatilized through conduction heating as the high temperature carrier gas
from later carbon fractions passes through. This could result in some differences in the carbon
fractions. The straight connection in the Model 2001 minimizes the unheated portion between the
sample and oxidation ovens so the sample temperature is maintained until conversion to COs.
CO; does not condense on cooler surfaces.

Although both instruments operate under positive pressure in the sample stream, there
might still be some diffusion of heavier room air into the oven owing to the lower molecular
weight of the He carrier gas. The DRI/OGC analyzers contain several joints and connections
sealed with pliable Teflon ferrules. The seal for the manual insertion rod experiences the most
wear and tear. The automatic sample loading system on the Model 2001 seals the opening with
an O-ring under 20 psi of air pressure. Other joints and connections in the Model 2001 are sealed
with high-temperature silicone rings suitable for vacuum systems. The Model 2001 contains a
pressure meter that indicates the sample oven pressure continuously, facilitating routine leak

2-2



checks prior to thermal analysis. For the DRI/OGC analyzer, the leak test is performed indirectly
by monitoring the change of flow rate when the oven is isolated (DRI SOP 2-204.6).

Differences between sample temperature and thermocouple temperature and differences
between diffusion of outside air into the pure He atmosphere were hypothesized as the main
cause of difference among the thermal carbon fractions measured by the DRI/OGC and Model
2001 analyzers. Special methods were developed to quantify these differences.

2.3  Temperature Calibration Method

Determining the differences between sample and thermocouple temperatures is complex
because they are composed of materials with different thermal properties and cannot be
collocated. Initial tests were conducted using pure compounds of known decomposition
temperatures, but these did not yield sufficient precision owing to evaporation at temperatures
lower than the boiling point and peak broadening as the evolved carbon passed through the
oxidation and reduction ovens. However, R and T changes are detected immediately.

Quick-drying temperature indicating liquids (Tempil Inc., South Plainfield, NJ) of
different melting points are used as temperature calibration standards. A Tempilaq® G set
consists of chemicals that change their appearance at a specific temperature. A thin layer (25 pL)
of Tempilaq® G is uniformly applied onto a glass or quartz disk surface with a 0.1 ml Eppendorf
Combitip (Brinkman Instruments Inc., Westbury, N.J.) and covered with a sliced quartz-fiber
filter punch. This sample is inserted into the carbon analyzer and the temperature is slowly
ramped (2 °C/min) across a 50 °C range containing the specified Tempilaq melting point while R
and T are monitored. When the specified temperature is reached, the appearance of the sample
changes, as evidenced by R and T changes illustrated in Figure 2-4. The maximum or minimum
of second derivative (change in the slope) of R or T, respectively, records the inflection point
that provides the best indication of when the given temperature is attained, as shown in Figure 2-
5. Since the DRI/OGC analyzer measures only R, R is used to determine changes in appearance.
The second derivative of T gives the same results. Several tests are made at 121, 184, 253, 510,

704, and 816 °C to obtain an average and standard deviation.

Results for the five Model 2001 analyzers that are intended for future IMPROVE samples and
for the five DRI/OGC analyzers currently used for IMPROVE analysis are summarized in Tables 2-2
and 2-3, respectively. The sample temperature is typically higher than the thermocouple reading
for all of the analyzers and all of the temperatures tested. For the Model 2001 units, the sample
is <10 °C hotter than the sensor reading at lowest two temperatures, increasing to 20 to 30 °C
hotter at the higher temperatures. For the DRI/OGC units, the sample is 10 to 50 °C hotter than
the sensor readings at all ranges, except for DRI/OGC CA #01, where a AT of 57-77 °C is found
for the highest temperature (704 °C). The precision of the temperature from repeated
measurement is 1 to 3 °C at the lower temperatures and 1 to 7 °C at the higher temperatures for
the Model 2001. The temperature measurement is less precise for the DRI/OGC units, for which
AT of minimum and maximum sample-to-thermocouple distance is determined.

Although this method is used here only to assess temperature differences, it can be used
in the future to calibrate the temperature sensor in each unit to the actual sample temperature.
This should decrease differences seen among replicates analyzed on different instruments of the
same or different designs. The Model 2001 software is being modified to include a temperature
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calibration mode. It is expected that temperature plateaus with an accuracy of +5 °C can be
obtained by this calibration.

24  Analysis Atmosphere Measurement Method

The inert atmosphere during which the OC fractions evolve is achieved by using
ultrahigh purity He (99.999%) as the carrier gas. An O, scrubber removes trace O in the He
stream, yielding an O, mixing ratio of <1 ppmv (i.e., less than 0.0001% of O,). The nitrogen (N>)
concentration in ultrahigh purity He is in the level of 1-2 ppmv. The same carrier gas is
delivered to each instrument through a laboratory manifold.

To characterize the composition of the carrier gas stream during thermal analysis, a
fraction (~10 ml min™) of the total flow (~50 ml min™) is taken from the sample oven, upstream
of the sample punch location and directed to a six-way Carle Valve with a 1 ml storage loop
(Figure 2-6). The pressure and temperature in the storage loop are measured so that the stored
gas can be quantified. Once the storage loop is full, the valve is manually switched to inject the
gas into a gas chromatographic-mass spectroscopy (GC-MS, 5973N, Agilent Technologies, Palo
Alto, California) unit for characterization. The GC separates different compounds based on their
differential mobility in the capillary column. These compounds are electron ionized in the MS
and detected through their mass-to-charge (m/z) ratio. An m/z ratio of 32 is the primary
indicator for O,. The MS is calibrated with a standard gas of 100 ppmv O, in He for quantitative
O, measurement with an MDL of ~1 ppmv. The linear dynamic range of the GC-MS to O, is
shown in Figure 2-7.

Table 2-4 summarizes the O, mixing ratios at the analyzers' carrier gas inlet, within the
sample oven, and after the oxidation (MnO,) oven. For the Model 2001, the O, mixing ratio in
the sample oven is typically between 15 and 25 ppmv, compared with 2—6 ppmv at the carrier
gas inlet. The Ny/O, ratio in the sample oven is higher than 2. This is consistent with the
composition of ambient air that might diffuse into the oven from the laboratory air. The
oxidation oven is maintained at >900 °C, and the O, mixing ratio after the oxidation oven is often
lower than that in the sample oven. O, is likely consumed in re-oxidizing the catalyst that is
reduced during the previous carbon analyses.

For the DRI/OGC analyzers, the O, mixing ratio in the sample oven is an order of
magnitude higher than that for the Model 2001 analyzers. It varies from 150 ppmv to 350 ppmv,
with an average of ~250 ppmv. (An example is shown in Figure 2-8; the actual O, level varies by
individual runs.) The N,/O; ratio is between 3 and 4, indicative of ambient air diffusion.

2-4



Table 2-1. Comparisons between DRI/OGC and Model 2001 thermal/optical carbon analyzers.

Parameters DRIVOGC Carbon Model 2001 Carbon Analyzer | Benefits of Model 2001
Analyzer

Optical Monitor reflectance Reflectance (R) calibrated Simultaneously monitors

monitoring relative to initial value, with photographer’s gray reflectance and transmittance.

which varies with each
instrument and sample.

scale and Transmittance (T)
calibrated with neutral
density filters.

Calibration against common
standards allows comparable
reflectance and transmittance to
be measured among different
analyzers. This permits
application of optical models
(Chen et al., 2004) to
independently estimate the
amounts of pyrolyzed vs.
original EC.

Response time of

Approximately 18-

Approximately 1-second lag

Faster temperature ramping

thermocouples second lag time between | time because of the thinner, | rate, more stable temperature
(Omega Type K | thermocouple and sample | fast-response thermocouple | plateaus, and less discrepancy
Thermocouple) temperatures because of | with an unshielded tip. between thermocouple and
the large thermal mass of sample temperatures.
the thermocouple and its
shielded sensor tip.
Location and Thermocouple is located | Thermocouple is located More closely approximates
orientation of the | 2-4 mm behind the approximately 1 mm below sample temperature.
thermocouple center of the filter punch. | the filter punch and the tip is Calibration allows for more
Uneven heating in the within 1-2 mm of the center of | consistency among analyzers,
oven may result in the filter punch, minimizing thereby increasing precision of
differences between temperature gradients. temperature-resolved sub-
thermocouple and sample | Optically sensitive dyes on fractions and allowing for
temperatures. quartz filters are used to adjust | additional sub-fractions that
thermocouple temperatures to | might be more indicative of
sample temperatures. source contributions.
Orientation of the | Sample punches are Sample punches are Loading is easier.

filter punch vertical, so carrier gas horizontal, so carrier gas
flows around the edge of | flows over and under the
the filter. filter.
Heater design Custom-made 650 W Two heavy Nichrome wire | Faster sample heating and

Nichrome coiled heater
(75 mm length x 18 cm
outside diameter)
(Marchi Associates, SDH
175), with a large (300
mm length x 190 mm
width x 190 mm height)
firebrick block, coil
partially exposed to the
air.

heaters (45 mm length x 50
mm height on each side) in
a vertical zigzag pattern
imbedded in firebrick
blocks (63 cm length x 50
cm width x 100 mm height)
on both sides of the oven. A
cooling fan is installed
under the oven.

cooling, better temperature
response, and more precise
temperature control.
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Table 2-1, Cont’d

Parameters DRI/OGC Carbon Model 2001 Carbon Benefits of Model 2001
Analyzer Analyzer
Oven design A perpendicular Straight connection between | Reduces dead space and
connection area located sample and oxidation oven. | analysis time. Increases peak
between (90° crossover) | A flow-limiting orifice sharpness which should
sample and the oxidation | installed between the improve signal to noise ratio.
oven. The carrier gas sample punch and oxidation | Reduces likelihood of breaking
pressure is ~1 psi. oven minimizes potential an oven, which slows
oxygen (O,) backflow from production.
the catalyst. The carrier gas
pressure is ~3 psi.
Sample Manual sample Automatic sample Minimizes operator variability.
introduction introduction. Manual introduction by an electric Positioning of sample in same
closing of the sample step motor. Automatic part of sample oven.
port. closure of the sample port. Facilitates sample autoloading,
which reduces operator time.
Seals Teflon ferrules. O-ring seal under 20 psi air | Minimizes diffusion points for
pressure and high- laboratory air.
temperature silicon rings.
Software DOS-based BASIC. Raw | Windows-based Visual- Improved documentation and

data are stored in a
binary format. Hard
wired to obsolete data
acquisition card. Little
flexibility for adaptation
to other protocols.

Basic interfaced to
Microsoft Access for data
storage and processing.
Independent of data
acquisition hardware.

flexibility. Can accommodate
upgrades for temperature
calibration and sample
autoloading. Accommodates a
broader range of protocols.
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Table 2-4. Oxygen (O;) mixing ratios (ppmv) in helium (He) carrier gas for different
instruments.

Analyzer Analyzer Location of Pressure Flow Oxygen Relative
Type Number Measurements Mixing N,/O, Ratio®
Ratio
(ppmv)
DRI 2001 CA #10 Inlet 2.3 Regular® 28+1.2 2.7
DRI 2001 CA #10 Oven 1.8 Regular 21.0+£27 2.1
DRI 2001 CA #10 After Oven 1.3 Regular 145+1.8 2.0
DRI 2001 CA #08 Inlet 0.93 Regular 6.6 +3.0° 2.0
DRI 2001 CA #08 Oven 1.05 Regular 21.61+1.8 25
DRI 2001 CA #08 Oven 1.05 HighT 134+ 1.8 2.5
DRI 2001 CA #09 Oven 243 Low® 29.2+0.7 24
DRI 2001 CA #09 After Oven 2.69 Low 241£1.0 2.6
DRI/OGC CA #01 Inlet ~1 Regular 13.6 £2.6 38
DRI/OGC CA #01 Oven ~1 Regular 121.2+£3.3 3.7
DRI/OGC CA #02 Inlet ~1 Regular 10.3+£2.6 3.7
DRI/OGC CA #02 Oven ~ 1 Regular 288.5+4.9 3.2
DRI/OGC CA #03 Inlet ~1 Regular 9.3+ 1.8 3.7
DRI/OGC CA #03 Oven ~ 1 Regular 205.5+2.1 2.7
DRI/OGC CA #04 Inlet ~1 Regular 9.8£3.7 2.5
DRI/OGC CA #04 Oven ~1 Regular 313.7£1.0 3.1
DRI/OGC CA #05 Inlet ~1 Regular 16.8+ 3.0 23
DRI/OGC CA #05 Oven ~1 Regular 268.0+4.9 2.9

* The N,/O, ratio is only relative since N, is not calibrated.
by .
Higher background noise.
°Regular flow rate is 50 cc per minute.
High flow rate is ~60 cc per minute.
¢ Low flow rate is 40 cc per minute.
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Figure 2-1. Example of an IMPROVE_TOR carbon thermogram. Seven carbon fractions are
defined by the analysis atmosphere and the sample temperature. OC1, OC2, OC3, and OC4
evolve in a non-oxidizing pure helium (He) atmosphere while EC1, EC2, and EC3 evolve in a
2% oxygen (O) and 98% He mixture. Optical charring corrections are determined by both
reflectance (R) and transmittance (T) when these achieve their original values after O, is added.
Only the reflectance correction (OP) is currently reported with the IMPROVE carbon fractions.
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Figure 2-2. Schematic diagram of the: a) DRI/OGC carbon analyzer (Desert Research Institute,
Reno, NV) and b) Model 2001 thermal/optical carbon analyzer (Atmoslytic, Inc., Calabasas, CA).
In the Model 2001, the sample holder is open on top and bottom to minimize interference with
the reflectance and transmittance measurement. The carrier gas flows above and below (not

through) the sample.
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Figure 2-3. Schematic diagram of sample holder design in the: (a) DRI/OGC and (b) Model 2001
carbon analyzers.
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Figure 2-4. Temperature ramping during an audit experiment with a Tempilag® G temperature
indicator rated at 184 °C for a Model 2001 carbon analyzer. Also shown in the figure are
reflectance (R) and transmittance (T) of the temperature indicator. The dashed line indicates the
achievement of the rated temperature.
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Figure 2-6. Schematic diagram for measuring composition of the 100% helium (He) carrier gas.
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3 COMPARABILITY OF THERMAL/OPTICAL CARBON
MEASUREMENTS

This section determines how the differences between the DRI/OGC and Model 2001
analyzers might affect the measurement of TC, OC, EC, and the thermal carbon fractions. Table
3-1 describes samples that were used to quantify TC differences. Six batches of IMPROVE
sample remnants were used. These cover a wide range of locations, time periods, and source
influences. All of these samples are of 24-hour duration.

The IMPROVE 25 mm diameter quartz-fiber filters allow for only three 0.5 cm? punches.
One of these has already been used for regular IMPROVE analysis, and a second punch is
analyzed to estimate precision or to resolve data validation questions on ~15% of the samples.
As a result, only limited testing can be performed with IMPROVE samples. Large 8 x 10 inch
quartz-fiber PM» s samples have been taken over 24-hour periods at the Fresno supersite (Watson
et al., 2000, Watson and Chow, 2002), which is affected by a variety of urban sources including
gasoline exhaust, diesel exhaust, cooking and wood burning (Poore, 2002, Schauer and Cass,
2000, Watson and Chow, 2002, Watson et al., 2002a, 2002b). Since many punches can be taken
from these samples, they were used to systematically evaluate the differences caused by changes
in sample temperature and He carrier gas composition. Twenty-four-hour duration 47 mm
quartz- fiber filter samples from Hong Kong are highly affected by diesel exhaust (Louie et al.,
2004, 2005, Sin et al., 2005) and were used in a carbon intercomparison study (Chow et al.,
2005). These samples have a completely different mixture of carbon sources compared to 10-
minute duration samples on 47 mm quartz-fiber filters from controlled laboratory burns at the
United States Forest Service Fire Science Laboratory (Missoula, MT). Fire samples were
included for comparison to the other samples. All of the filter material was Pallflex QAT-UP
ultrapure quartz that was conditioned at 900 °C for at least four hours prior to sampling.

IMPROVE sample results from the Model 2001 were measured during 2004 and
compared with the original results from samples measured over a period from 1999 to 2003. The
remnants were stored at <4 °C in the interim. The Fresno, Hong Kong, and Montana fire
laboratory samples were analyzed during the same week for each set during 2004. To evaluate
the equivalence of data processing software, the raw FID and R data for these samples from the
DRI/OGC analyzer were processed by both the DRI/OGC and Model 2001 software. The results
were equivalent within <1% for TC, OC, EC, and eight thermal carbon fractions. The only
difference was that the Model 2001 data processing reported negative OP when the reflected
laser returned to its initial value before O, was added to the carrier gas. The potential causes and
implications of this “early split” are discussed further in this section.

Comparison test groupings and performance measures are summarized in Table 3-2 for
TC, OC, and EC measurements and in Table 3-3 for the carbon fractions. Comparability
measures are based on those used by Mathai et al. (1990) and include the following:

e Average of ratios. Determines the extent to which there might be a bias of one
against another. The average ratio should be within three standard error intervals if
the values are the same.

e Distribution of differences: This reports the fraction of samples falling within one,
two, three, and more than three precision intervals (o) for the difference between two
analyses. If these differences follow a normal distribution, then ~66% of the
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differences should be within +1o, 95% should be within +2¢, and 99% should be
within +30.

e Student’s T-test. This evaluates the probability that the null hypothesis (i.e., the
measurements are the same) is invalid.

e Correlation coefficient (r): The degree to which one variable varies in the same way
as other variables. The correlation should exceed 0.95 to indicate good
comparability.

e Average of the differences: Gives an indication of the absolute values by which
concentrations differ.

o Non-weighted linear regression slope: A value between 0.9 and 1.1 is expected,
given analytical uncertainties. Outliers in comparison experiments are expected,
because some values are a few times the detection limit for IMPROVE samples.

31 IMPROVE OC and EC Comparison

Figure 3-1 compares TC, OC, and EC measurements from the Model 2001 with the originally
reported values quantified by the DRI/OGC analyzers for the IMPROVE I and II groups. Most of the
one standard deviation precision intervals overlap the 1:1 line. The highest TC values, which are
usually found during special events such as forest fires, show the largest deviations. These are
probably due to an inhomogeneous sample deposit (e.g., a cinder may be on one punch but not on
another) rather than to analyzer differences. The distribution of differences in Table 3-2 shows a
somewhat normal distribution, with most of the values within plus or minus one standard deviation of
the difference. Student’s T-test shows no statistically significant differences. All the comparisons
show good correlations (r > 0.97) for the entire data set, with values slightly lower for TC
concentrations <20 pg cm™. Linear regression slopes are within 10% of 1.0, except for EC for all the
data which has a 0.89 slope. The T-statistic shows no differences beyond those expected by random
errors, given the reported analysis precision. Of the 243 IMPROVE 1 and II samples, 16
reported a zero pyrolysis (i.e., zero OP) correction. Seven of these were near detection limits for
EC (i.e., nearly white filter) and OC and EC for the other nine samples did not differ from the
Model 2001 values by more than three precision intervals.

For the 57 Fresno samples, the DRI/OGC analyzers showed zero or negative OP
corrections for 31 of the samples. No early splits were observed for the same samples using the
Model 2001, but R slowly increased during the OC4 step, in contrast to IMPROVE samples
where it is usually at a constant level. Geological material is an important fraction of PM;s at
Fresno, as evidenced by a light red shading of many of the filter punches after thermal analysis.
Most IMPROVE filters are completely white after analysis. As previously noted, mineral oxides
can oxidize EC in an inert atmosphere. The higher O, levels in the DRI/OGC analyzer can also
contribute to EC oxidation at the 550 °C temperature plateau, thereby facilitating EC combustion
and resulting in an early split that would not be observed in the less oxidizing conditions of the
Model 2001. Figure 3-2 shows the extent to which the Fresno samples deviate from the 1:1 line
using zero and negative OP corrections. OC and EC comparability measures (Table 3-2) are not
good for zero OP, but they reach acceptable agreement when negative OP pyrolysis corrections
are used.
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A similar situation is found for the Hong Kong samples (Figure 3-3), for which 12 of the
18 samples experienced early splits on the DRI/OGC analyzers. Hong Kong is a coastal city that
has a substantial marine aerosol contribution in addition to road dust and Asian dust
contributions. As noted above, catalysts such as sodium chloride (NaCl) can lower the
temperature at which EC evolves in a non-oxidizing environment. All of the performance
measures are within acceptable ranges when the negative OP correction is used except for the
OC. With a slope of 0.87, EC is the dominant carbon component in these samples, in contrast to
the U.S. samples. OC is therefore more sensitive to the split than EC. For the higher EC
loadings, the samples are so dark that a very small change in R is observed. The samples are
essentially opaque and no transmitted signal is seen. The OC/EC split is not as accurate for these
samples as it is for more moderately loaded samples such as those from IMPROVE.

3.2  Sensitivity of OC and EC by IMPROVE_TOR to Different Temperature and
Optical Protocols

As shown in Appendix A, the IMPROVE TOR and STN TOT have substantially
different temperature protocols. IMPROVE TOR temperatures are generally lower, and a
longer analysis time is spent at the lower temperatures than with the STN_TOT. Analysis of the
same samples with these two temperature protocols gives a good indication of the maximum
differences that might be caused due to differences in analysis temperatures. Any temperature
differences among IMPROVE analyzers will be much less than the differences between these
protocols. The samples from IMPROVE IV, Fresno, Hong Kong, and the Montana Fire Science
Laboratory were used in these tests with both thermal/optical programs implemented on the
Model 2001. Since both R and T can be measured, the optical pyrolysis correction was
measured both by R (OPR) and by T (OPT). Comparison measures are summarized in the
second section of Table 3-2 and illustrated for EC in Figure 3-4.

There are major differences between IMPROVE TOR and STN_TOT results. This
difference appears to be consistent within, but not between sample sets. For the IMPROVE and
Fresno samples, IMPROVE_TOR gives 2 to 4 times the EC of STN_TOT. On the other hand,
EC from the diesel dominated Hong Kong samples is nearly the same for the two methods, and
the Montana fire samples show STN _TOT EC to be about two-thirds of EC from
IMPROVE_TOR.

Comparing OC and EC using the TOR correction for the IMPROVE and STN protocols
gives comparable results, with distributions of differences following the expected pattern. Chow
et al. (2004b) and Chen et al. (2004) attribute the difference between a TOR and TOT correction
to a greater attenuation of transmitted light by the pyrolysis of organic vapors adsorbed
throughout the filter thickness. These pyrolyzed organic vapors have different absorption
efficiencies and come off at different times compared to the original EC in the surface deposit.
Owing to a large diesel component, the dark Hong Kong surface deposit probably dominates the
T, and may evolve later than the pyrolyzed organic vapors, thereby yielding a better TOR/TOT
equivalence. The short duration Montana fire samples probably did not adsorb as much organic
vapor as the 24-hour samples from IMPROVE and Fresno.

The implication for IMPROVE analysis is that the TOR pyrolysis correction is not
sensitive to temperature programs, and that the minor variations observed in Section 2 will not
bias the OC and EC concentrations.
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3.3 IMPROVE Thermal Carbon Fractions

As shown in Figure 3-5, the carbon fractions do not compare well among the DRI/OGC
and Model 2001 analyzers. The comparability measures in Table 3-3 are well outside of
acceptable ranges, but the measurements are usually highly correlated. While OC2 and OC4 are
within 15-26% of each other, on average the Model 2001 reports ~55% lower OC3, ~60%
higher OP, and ~40% higher EC1 than the DRI/OGC analyzers. Although not reported here,
similar differences are found for the Fresno and Hong Kong samples. Apparently, the
differences between the temperature plateaus and He carrier gas composition affect the carbon
fractions, even though they do not affect the TC, OC, and EC concentrations.




Table 3-1. Samples used for comparison studies. The batch identifier, type of sampling site,
sampling period, and use of the samples in this study are listed.

Network

(Batch) Type Site (# of samples) Period Purpose of Selection
Northeastern CABAI(1), MOOS1(7), 05/10/2001 to
Rural PMRF1(8), PRIS1(8) 05/31/2001
Southern Rural LIGO1(6), MINGI(8), 05/10/2001 to Compare TC, OC, EC,
SAMAL(2) 05/31/2001 and carbon fraction
Midwestern THRO1(6), VOYAL(6), 05/10/2001 to measurements by
Rural WICAL(S5) 05/31/2001 DRI/OGC and Model
%ng;e(:)) BLIS1(9), DAVI2(6), 2001 analyzers.
Northwestern | LOPEL(7), MOHO1(6), | 05/10/2001 to Develop statistical
Rural REDW1(6), SAWTIL(9), 05/31/2001 relations between the
TRINI(7), YOSE1(10) two measurements for
Southwestern | DEVAI(6)  GRSAI®). | /150591 ¢, | @ SPecific time period.
Rural SAGOI®),  SYCAI®), | g5531/2001
TONTL(7)
Northeastern ADPI1(5), AREN1(4), 04/25/2001 to
Rural CABAI1(4) 05/13/2001
04/25/2001 to
Southern Rural | CHAS1(3), GRSM2(2) 05/13/2001
BLIS1(4), CABII1(3), Compare TC, OC, EC,
CORI1(3), KALMI(1), and carbon fraction
LOPE1(3), MOHO1(2), measurements by
gﬁrrfl‘we“"m MONTI(2),  MORAI(3), g‘s’ﬁggggi o | DRIOGC and Model
IMPROVE (II) PASAIL(1), REDW1(2), 2001 analyzers.
(89 samples) THSI1(4), TRIN1(4), Verify statistical
YOSE1(3) relations between the
BOAPI(2), BRCA1(2), two measurements
CANY1(4), CAPI1(3), developed by Batch 1
DOUWeStS™ | CHIRI(4),  DEVAI@), | 04220001 | samples.
GRSAI(5), MEVEL(3),
SAGO1(2), SYCAL{4)
Marine 04/25/2001 to
Influence HAVOIQ) 05/13/2001
Northeastern | ACAD12),  ARENI@), | 3)0550; ¢
Rural BRIGI(1), — COHILD), | 5035003
PMRF (1), QUCI1(1)
Northeastern 05/26/1999 to
Urban WASH1(4) 12/31/2002 Modify the analytical
CHERI1(2), GRSM1(1), conditions in Model
IMPROVE (III) GUMOI1(1), HEGLI1(2), 05/16/2001 t 2001 to simulate
(110 samples) Southern Rural | LIGO1(1), ROMAI1(1), 05/09/2003 0 DRI/OGC analyzers,
SIPS1(1), UPBUI1(1), based on temperature
WIMO1(2) and oxygen levels.
BOWAI(4), GRRI1(1),
Midwestern LOST1(2), SENEI(1), 06/10/2000 to
Rural VILAI(1), WICAL(), 01/12/2003
VOYAIL(])
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Table 3-1, Cont'd

Izlgt:::ék Type Site (# of samples) Period Purpose of Selection
BRLAI(1), CABI1(1),
CRLAI(1), CRMO1(1),
GAMOI1(1), GRBAI1(2),
HECAI1(3), JARBI(1),
KALMI1(3), LABEI(1),
MOHOI1(1), MONTI(1),
Northwestern | MORAI(1), NOCA1(2), 12/29/1999 to
Rural OLYMI(1), PASAI1(2), 09/12/2003
POREI1(2), PUSO1(2),
REDW1(2), ROMOI1(2),
SNPA1(2), STARI(1), Modify the analytical
SULAI1(1), THBAI1(1), conditions in Model
IMPROVE (I1I) THSII(1), WHPAI(1), 2001 to simulate
(cont'd) YOSE1(4) DRI/OGC analyzers,
BALDI1(2), BANDI(1), based on temperature
BOAPI(1), CAPIL(2), and oxygen levels.
CHIRI1(1), HANCI(1),
Southwestern | INGAL),  JOSHI(), | 4414/1999 ¢
Rural PEFO1(3), PINNI(1), | 10/12/2003
RAFA1(4), SAGO1(2),
SAPE1(4), SEQUI(1),
WEMIL(1), WHRI1(1),
ZIONI1(2)
Marine 10/14/2002,
Influence HAVOI(D), — VISI(1) 07/03/2001
Remote TRCR1(1) 09/09/2003
Northeastern 01/21/2003,
Winter MOMOI1(1), ~ ACADL(D) | 11812003
Southern 01/09/2003 to
Winter SIPSI(L), UPBUL) | 1/15/2003
Northwestern | HECA1(1), MELAI1(2), 01/12/2003 to
Winter PUSOI1(D), STARI(1) 01/27/2003
Southwestern 01/21/2003 to
Winter SAGUIQR),  WHITI(D) | 51/97/2003
Dust Influence 04/15/2000,
(Spring) GUMOI1(2) 04/26/2000 Compare TC, OC, EC,
Marine and carbon fraction
IMPROVE (IV) Inﬂl{ence REDWI1(2) 83;?/92/(2)880’ measurements between
(30 samples) Spring) IMPROVE :cmd STN
Secondary 06/18/2001 to protocols with Model
Organics SEQUI1(3) 08/26/2001 2001 analyzers.
(Summer)
Secondary
Inorganics SHENI1(3) 8%;;3@88; to
Winter)
Wildfire
Influence YOSE1(3) oTaeot o
(Summer)
Motor Vehicle
Influence WASHI(4) (léj(l’ggggg to
(Winter)
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Table 3-1, Cont'd

I?;t:::hr;( Type Site (# of samples) Period Purpose of Selection
irer (69 T
Spring (224) 82;2}2888 to Examing unf:ertainties
IMPROVE (V) A total of 163 randomly 06/03/2001 to ;‘;;;‘;gf}g;t
(1,010 samples) selected sampling sites 08/29/2001 .
Summer (381) 07/18/2002 to measured with
DRI/OGC analyzers.
08/30/2002
09/02/2002 to
Fall (236) 10/20/2002
ACAD1(2), ADPII(1),
Northeastern AREN1(4), CABAL(5), 10/30/1999 to
Rural/Urban | CACOL(D), GRGUI(D), 12/4/2002
MOOS1(3), QUREL(S),
WASHI(2)
CHASI(1), COHU1(1),
JARI1(4), LASU1(1),
Southern Rural | MING1(1), SHEN1(2), gﬁg/gggf
SIKEI(1), SIPS1(1),
UPBUI(1), WIMO1(4)
Midwesterm | BADL1(2), BOWAIL(2), 6/9/1999 to
Rural DOSO1(8), ISLE1(4), 3/3/2002
LOSTI1(1), THROI(5)
BLSI1(3), BRIDI(2),
BRLA1(1), CABI1(1), Modify the protocol in
COGO1(2), COHI(1), Model 2001
DAVI2(1), GAMOI1(1), (IMPROVE_A) to
GLACI1(1), JARBI(3), simulate DRI/OGC
IMPROVE (VI)
KALMI(5), LAVO1(1), analyzers, based solely
(160 samples) gsglllwestem LOPEI1(1), MELA1(1), ggggggg - on temperature
MOHO1(1), MONTI(1), calibration.
MORA (1), MOZII(1),
NOCAL1(2), PASA1(2),
REDW1(2), SULA1(1),
THBAI1(1), THSII(5),
TRIN1(1), WHPA1(2)
BANDI(6), BRCA1(S),
CANY1(5), CAPI1(3),
CHIR1(1), DEVAI1(2),
Southwestern | DOMEL(4), GRSAI(L), 3/3/1999
Rural/Urban | JLLL(D), KAISI(1), 9/24/2003
PHOEI1(1), RAFAI(3),
SYCAI1(1), TONTI1(1),
WEMI1(8), WHRI1(1),
YOSE1(2), ZION1(6)
Marine
Influence HALE1Q1) 1/7/2001




Table 3-1, Cont'd

Network
(Batch)

Type

Site (# of samples)

Period

Purpose of Selection

Fresno, CA
(57 samples)

Urban Mixed

Fresno Supersite (57)

08/23/2002 to
04/26/2003

Compare TC, OC, EC,
and carbon fraction
measurements by
DRI/OGC and Model
2001 analyzers with
original and revised
IMPROVE protocols.
Compare TC, OC, EC,
and carbon fraction
measurements between
IMPROVE and STN
protocol with Model
2001 analyzers.

Fresno Supersite (2)

07/16/2003,
08/23/2002

Determine the
influence of
temperature and trace
oxygen level on TC,
OC, EC, and carbon
fraction
measurements.

Fresno Supersite (2)

11/27/2002,
03/03/2003

Demonstrate the
change of analytical
conditions in
DRI/OGC analyzers
with time.

Hong Kong
(18 samples)

Foreign
Roadside

Mong Kok (6)

Foreign Urban

Tsuen Wan (6)

Foreign Rural

Hok Tsui (6)

05/05/2001 to
10/08/2001

Compare TC, OC, EC,
and carbon fraction
measurements by
DRI/OGC and Model
2001 analyzers.
Compare TC, OC, EC,
and carbon fraction
measurements between
IMPROVE and STN
protocol with Model
2001 analyzers.

Montana
(19 samples)

Prescribed
Vegetative
Burning

U.S. Forest Service Fire
Science Laboratory (19)

11/13/2003 to
11/21/2003

Compare TC, OC, EC,
and carbon fraction
measurements between
IMPROVE and STN
protocol with Model
2001 analyzers.
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Table 3-2. Comparability measures for TC, OC, and EC on DRI/OGC and Model 2001 carbon

analyzers.
Comparisons [Number  Average of Ratios Distribution of Differences T-test Comr. | Average of the Difference |Non-weighted Linear Regression
of Pairs y/x  Standard (ug em™) Slope (zero intercept)
x y Deviation <le lo-2¢ 2030 >30 P valuc ) x y y-X 1Standard Error
DRI/OGC - DRI Model 2001 TC, OC, and EC Comparisons
DRI Model 2001 DRIOGC
IMPROVE (I&Ily
TC < 20 pg em™
TC TC 207 1.03 £0.10 63%  18% 3% 1% 0.36 097 | 1088 1124 036 1.04 + 0.006
oC oC 207 104 +0.10 58% 2% 5% 1% 0.15 097 | 935 9.82 0.47 1.05 + 0.006
EC EC 207 098 +0.29 7% 1% 2% 0% 0.23 094 | 152 1.42 £0.10 091 + 0011
Ali Data
c c 243 103 +0.10 68%  25% 5% 2% 0.36 099 | 1298 13.54  0.57 1.05 % 0.005
oc oc 243 1.05 = 0.10 57%  32% 8% 2% 0.16 098 | 1105 1179 073 108 + 0.006
EC EC 243 096 +0.28 7% 17% 4% 0% 0.17 097 | 193 1.76 0.16 0.89 = 0.009
Fresno
TC TC 57 107 +0.07 0% 35%  21%  14% 0.65 1.00 | 4005 4280 276 107 % 0.005
oc oc 57 115 £0.10 18% 19% 32% 32% 0.32 100 | 3116 3629 5.4 LI7 + 0.009
oc OC (ncgative OP) 57 1.10 * 0.08 26%  33% 2% 9% 0.54 100 | 3t.16 3415 299 1.09 * 0.006
EC EC 57 0.80 +0.20 19%  21%  25%  35% 0.04 093 | 894 675 219 0.72 + 0.021
EC EC (negative OP) 57 094 £0.17 47%  30% 18% 5% 0.82 099 | 894 866  -0.28 0.98 * 0013
Hong Kong
TC TC 18 096 +0.09 7% 2% % 0% 0.95 1.00 | 3284 3236 047 099 * 0013
ocC oC 18 110 +033 39%  28% 1% 1% 0.52 085 | 1273 1472 1.99 117 % 0.091
oC OC (negative OP) 18 090 £0.16 9% 4% 1% 6% 0.54 096 | 1273 1132 -141 0.87 = 0031
EC EC 18 092 +0.21 50%  22% 17% 1% 0.66 094 } 2011 1764 247 0.87 = 0.05)
EC EC (negative OP) I8 1.03 £0.16 %%  22% 0% 0% 0.88 100} 201 2104 093 1.06 + 0.016
STN vs. IMPROVE protocol comparisons using Model 2001
Model 2001 Model 2001
(IMPROVE protocol) (STN protocol)
IMPROVE (IV)
ke TC 30 1.01 +0.11 9% 3% 3% 0% 0.87 100 | 5110 4661 449 0.85 + 0012
OCR OCR 30 105 +0.12 8%  13% 3% 0% 0.88 100 | 4400 4030 370 0.84 + 0.014
OCR ocT 30 116 £0.16 $3%  50% 3% 3% 0.99 1.00 | 4400 4440 040 091 * 0016
ECR ECR 30 0.87 =020 3% 17%  20%  30% 0.75 099 | 7.10 631 079 0.90 + 0017
ECR ECT 30 039 +0.20 7% 0% % 8% 0.01 085 | 710 221 489 024 + 0022
Frezno
T C 57 099 £0.05 5%  18% 4% 4% 0.98 100 | 4100 4088 012 1.00 + 0.003
OCR OCR 57 103 +0.06 61%  28% 5% 5% 0.89 100 | 3237 3303 066 1.00 + 0.005
OCR OCT 57 115 +0.10 % 1% 16% 0% 0.33 1.00 { 3237 3761 524 1.15 £ 0.008
ECR ECR 57 088 +0.11 32%  25% @ 12% 2% 0.49 098 | 863 785 078 094 + 0015
ECR ECT 57 043 £0.14 2% 0% 2% 96% 0.00 088 | 8.63 327 537 035 * 0.013
Hong Kong
c c 18 096 +0.04 %% % 0% 0% 0.91 100 | 3284 3190 094 0.98 + 0.004
OCR OCR 18 094 +0.08 2%  22% 6% 0% 0.75 098 | 1273 1195 078 093 + 0.025
OCR oCcT 18 1.06 +0.I8 4% 2%  28% % 0.89 090 | 1273 1305 032 098 + 0.053
ECR ECR 18 099 +0.12 9% 6% 0% 0% 0.98 100 | 2013 1995 0.8 0.99 + 0.014
ECR ECT 18 0.85 + 016 39% 2% 17%  22% 0.83 099 § 203 1887  -1.27 098 + 0.031
Montana Fire
T TC 22 104 +0.10 95% 5% 0% 0% 0.93 100 | 1933 1974 041 101 + 0011
OCR OCR 22 1.14 017 95% 5% % 0% 0.80 1.00 | 1283 1383 1.00 1.05 = 0.014
OCR OCT 22 133 025 82%  18% 0% 0% 0.52 099 | 1283 1540 257 1.14 + 0.032
ECR ECR 22 0.84 £0.36 82%  14% 5% 0% 0.71 098 | 6.51 592 059 695 + 0.029
ECR ECT 22 0.55 +0.26 2% 2%  21%  18% 0.13 091 | 651 435 -2.16 0.69 = 0.046

? 12 samples with zero OP
® 16 samples with zero OP, 7 samples with EC near detection limits
¢ 31 samples with zero OP
¢ 12 samples with zero OP
° OC by reflectance pyrolysis correction

fOC by transmission pyrolysis correction
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Table 3-3. Comparability measures for carbon fractions on DRI/OGC and Model 2001 carbon
analyzers.

Comparisons [Number | Average of Ratios Distribution of Differences T-test Corr. | Average of the Difference [N ighted Lincar Regn
of Pairs yix £ Standard (ug/om’) Slope (zero intercept)
x y Deviation <la lg26 2036 >Io | Pvalue | (® x y yx +Standard Error
Model 2001 vs. DRIYOGC Carbon Fraction Comparisons
Model200l |  DRVOGC
IMPROVE (1&11)

oCl1 ocCl1 243 4.85 + 16.60 6% 35%  12%  17% 0.00 045 | 040 0.85 046 183 + 0.09
ocz oc2 243 0.85 % 0.14 45% 1% 18% 4% 0.00 094 | 267 228 -040 0.85 + 0.01
ocC3 0C3 243 148 %030 13%  32%  32%  23% 0.00 094 | 324 4.90 1.66 155 + 0.02
0C4 0oc4 243 1.30 %031 2%  39% 18%  12% 0.00 0.89 | 2.04 2.64 0.60 126 = 0.02
OP op 243 044 021 4% 10%  25%  61% 0.00 049 | 270 L1 159 037 + 001
EC1 ECl 243 0.68 +0.21 18% 28% 23% 3% 0.00 088 | 323 207 -1.16 0.59 = 0.01
EC2 EC2 243 0.63 +0.23 26%  28%  19%  28% 0.00 072 | 127 075 052 0.57 + 001
EC3 EC3 243 0.88 4.86 4% 0% 18% 8% 0.00 045 | 0.13 0.05 -0.08 030 = 0.02
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Figure 3-1. Comparisons of: a) TC, b) OC, and c) EC between the DRI/OGC and Model 2001
carbon analyzers for 243 IMPROVE samples (IMPROVE | and IMPROVE Il from Table 3-1)
collected at 40 sites between 4/25/2001 and 5/31/2001.
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Figure 3-2. Comparisons of: a) TC, b) OC, and c) EC between the DRI/OGC and Model 2001
carbon analyzers for 57 Fresno. Both zero and negative OP (early split) corrections are used.
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Figure 3-3. Comparisons of: a) TC, b) OC, and c) EC between the DRI/OGC and Model 2001
carbon analyzers for 18 Hong Kong samples. Both zero and negative OP (early split) are
presented.
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Figure 3-4. Comparisons of STN_TOT and STN_TOR with IMPROVE_TOR implemented on
the Model 2001 carbon analyzers for: a) 30 IMPROVE IV samples, b) 57 Fresno samples, c) 18
Hong Kong samples, and d) 22 Montana fire samples. Note that the TOR pyrolysis correction is
insensitive to the temperature program applied. The TOT correction shows a large difference for

the higher temperature STN protocol.
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Figure 3-5. Comparison of carbon fractions between DRI/OGC and Model 2001 analyses for
243 samples (IMPROVE | and IMPROVE Il from Table 3-1) collected at 40 sites from
4/25/2001 to 5/31/2001.
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4 CAUSES OF DIFFERENCES IN CARBON FRACTIONS

4.1 Sensitivity of Carbon Fractions to Temperature and Carrier Gas Composition

Higher O; levels in the pure He carrier gas can reduce OC charring and increase the EC
oxidation rate. EC also oxidizes more rapidly at higher temperatures, so the effects of
fluctuations in temperature and carrier gas composition must be studied together. Multiple
punches from the same Fresno sample (FSH0080) were analyzed in the Model 2001 by
IMPROVE_TOR after temperature calibration while systematically varying the amount of O, in
the He carrier gas. The experiment was repeated for IMPROVE temperature plateaus plus 20 °C
(IMPROVE + 20) and minus 20 °C (IMPROVE - 20). This represents the typical range of
variability listed in Tables 2-3 and 2-4. O, was added to the He carrier gas at levels ranging from
20 to 900 ppmv for the OC fractions. The same 2% 0,/98% He was used for the EC fractions.
OP was measured by R. Results are shown in Figure 4-1.

OC1 and OC2 concentrations are independent of the oxidant level, but they are sensitive
to temperature. OCl1 is reduced from 11% of TC to a negligible amount as the OC1 temperature
decreases from 140 to 100 °C. At the same time, OC2 increases from 19% to 27% of TC. The
oxidation/decomposition rate of carbonaceous material below 300 °C is so low that higher O;
levels do not increase the reaction rate. OC3 depends on both temperature and the O, level.
However, OC4 is relatively constant, regardless of temperature or O, level. EC1 and OP are
more influenced by O, than by temperature. Most of their mass seems to have migrated to the
OC3 fraction, where pyrolysis char is evident with a rapid decrease in R. EC2 is not sensitive to
the amount of O, in the pure He atmosphere, but it is sensitive to temperature, with over a factor
of 2 difference between the —20 °C and 20 °C temperatures for this sample. EC3 was negligible
in these experiments and is not shown in Figure 4-1. As previously shown, EC by TOR is the
same regardless of temperature or O; content. The TOR correction appears insensitive to the
composition of the analysis atmosphere as well as to the sample temperature.

Appreciable changes in OC3, OP, and EC1 are not observed until O, >100 ppmv in the
He atmosphere. At 250 ppmv (the average O, in DRI/OGC analyzers), the change can be more
than 5% for higher temperatures (IMPROVE + 20). O, in the analysis atmosphere enhances the
carbon output, probably due to EC oxidation (Cachier et al., 1989), while suppressing OC
charring in the OC3 region. Its effect is more pronounced when the temperature is increased
further. An early TOR split is observed as O, approaches 1,000 ppmv (0.1%) for the IMPROVE
and IMPROVE + 20 protocols. O; in the DRI/OGC He carrier gas is one—but not the only—
cause of early splits in some of the Fresno, Hong Kong, and Montana fire laboratory samples.

Figure 4-2 shows similar results for another Fresno sample (FSHO0002) using the
IMPROVE temperatures with different amounts of O, in the He carrier gas. The carbon
fractions are fairly stable until the transition from 40 to 160 ppmv, similar to the observation
shown in Figure 4-1. OC and EC are invariant to the amount of O, for both the TOR and TOT
pyrolysis corrections. There is negative OP for O, > 1000 ppmv, and this is used for the EC
estimate.

Analyses with the Model 2001 can retain temperature plateaus within a few °C after the
temperature is calibrated as described in Section 2. It contains lower O, levels in a pure He
atmosphere; therefore, differences in carbon fractions are not observed for these samples. The
O; level in the DRI/OGC analyzers is higher and more variable, in the range where OC3, OP,
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and ECI1 are sensitive to changes in temperature and carrier gas composition. The differences in
temperature for OC1 and OC?2 result in greater variability for these fractions. With a redesigned
sample oven and temperature calibration, the Model 2001 has the potential to provide more
reproducible carbon fractions than the DRI/OGC analyzers.

42 TC, OC, EC, and Carbon Fraction Uncertainties Performed in DRI/OGC

Each carbon fraction reported to the IMPROVE data base consists of a value and a
precision. The coefficient of variance (CV), defined as the standard deviation of replicates
divided by their average (e.g., TC), is a good measure of analysis precision. The uncertainty
(Unc) for each individual carbon analysis (e.g., 7C; for sample ;) can be defined as:

Unc, = [{(CV, xTC)? + MDI*} (4-1)

where CV is the coefficient of variance for the replicate analysis and MDL is the minimum
detection limit of 1.49 pgC per filter for TC measurements. The carbon SOP (DRI SOP #2-
204.6) requires that 10% of the samples from each batch be randomly selected for replicate
analysis on a separate analyzer. If the TC difference between two replicates (RD) is considered
the lower limit of Unc and the average of the two replicates is 7C, then:

MDL

IR-D| Unc \/ 2 2 4
== _ = —_—— -2
RV == < === 1OV + (=) (4-2)

where RV is the replicate variation. A plot of RV versus 7C is shown in Figure 4-3 for 1,010
replicates corresponding to more than 10,100 samples from the IMPROVE historical database.
Ninety-five percent of the RVs are within the uncertainty interval defined by CV, which is found
within £10% for a replicate analysis for TC concentrations higher than 10 times MDL (Watson
et al., 2001). TC is independent of temperatures and carrier gas composition. Precision of the
carbon fractions cannot be better than the TC precision.

RVs for the carbon fractions (OC1 to OC4, OP, and EC1 to EC3) from these replicate
analyses are plotted in Figure 4-4. The carbon fraction concentrations are often less than 10 times
the MDL of TC. The scatter of RV versus carbon fraction measurements suggests a much larger
CV and Unc for carbon fraction measurements. The replicate variations are especially high for
OCl1, OC3, OP, and EC1, while OC2 and EC2 show CVs similar to that of TC. The wide scatter
of EC3 is mostly attributed to its low concentration (usually below the MDL). Figure 4-4 reflects
the sensitivity of carbon fraction conditions to the variable temperatures and carrier gas
compositions in the DRI/OGC analyzers.

RVs for the corresponding OC and EC concentrations are plotted in Figure 4-5. More
than 90% of the replicates are within the TC uncertainty intervals. The precision and MDL of
IMPROVE OC and EC measurements are similar to those of TC, despite the lower
concentrations. EC concentrations are generally lower than OC concentrations and often below
10 times the MDL of TC.

Figure 4-6 illustrates the comparability of two different DRI/OGC analyzers and of one
Model 2001 and one DRI/OGC analyzer. The results from the Model 2001 are clearly within the
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wide scatter of the DRI/OGC results. The carbon fractions reported in the IMPROVE data base
are highly variable owing to the differences in temperature and carrier gas composition within
and among the DRI/OGC analyzers on which they were measured.

4.3 Statistical Adjustments for Carbon Fractions

Since the carbon fraction levels are highly correlated, an algorithm to relate carbon
fractions from the DRI/OGC with those of the Model 2001 can be derived by multiple linear
regression. This assumes that biases are constant between the two models of analyzers. The
following relationships were developed (Chow et al., 2004a) by a linear regression of the Model
2001 values with the DRI/OGC values for the first 154 IMPROVE I samples:

ocC’ = 0OC (4-3)
EC’ =  EC (4-4)
OCl’ =  0.29*0C1 + 0.05*0C2 (4-5)
0C2" =  0.71*OCI + 0.95*0C2 +0.01*OC3 (4-6)
OC3’ =  0.67*0C3 (4-7)
OC4’ =  0.32*OC3 +0.16*0C4 + 0.05*EC1 (4-8)
ECl” =  0.84*OC4 + 0.66*EC1 (4-9)
EC2° =  030*ECI +0.91*EC2 (4-10)
EC3’ =  0.09*EC2+EC3 (4-11)
OP" =  ECI'+EC2 +EC3 —EC (4-12)

OCl1, OC2, OC3, OC4, ECI1, EC2, and EC3 are OC and EC fractions measured by the
DRVOGC analyzers. OC’, OC1’, OC2’, OC3’, OC4’, EC’, EC1’, EC2’, and EC3’ are the
fractions that would be equivalent to those of the Model 2001. The OP’ in Eq. 4-12 is based on
the TOR EC measurement rather than multiple linear regression. This algorithm intends to
conserve the TC value and assumes no exchange between two non-adjacent carbon fractions.
Figure 4-7 demonstrates that Eqs. 4-5 to 4-12 bring the IMPROVE I carbon fractions into
agreement for the IMPROVE I samples from which they were derived.

Comparability measures between adjusted DRI/OGC and Model 2001 fractions are
presented in Table 4-1 (OC1 _adjusted) for the IMPROVE 1 samples; for the independent
IMPROVE 1I samples; and for the combined IMPROVE I and IMPROVE II samples. These
measures show good agreement, within stated precisions. After the adjustment, a nearly 1-to-1
relationship appears for all carbon fractions except for OC1 and EC3, which are mostly below
the MDLs. A reasonable agreement is also achieved when the algorithm is applied to the 89
additional IMPROVE II samples.

4.4  Analytical Adjustments for Carbon Fractions

An alternate approach that may bring the measurements into better agreement is to
simulate the analytical conditions of the DRI/OGC carbon analyzer using a Model 2001. Two
types of simulations are considered. The first is based solely on temperature calibration, thus
making the temperature measures in the Model 2001 resemble those in DRI/OGC analyzers. The
second simulation includes adding O into the analysis atmosphere of the Model 2001 to fully
reproduce the conditions in DRI/OGC analyzers.
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According to temperature calibration for the five DRI/OGC carbon analyzers (Table 2-3),
the overall least-square regression indicates a relation between the actual and thermocouple
temperature:

T,

sample( protocol) =mX ]:

hermocouple( program) + b

m=1.024 + 0.009
b=199+34°C

Therefore, the average temperature in the protocol at each IMPROVE stage should be:

OCl1 =143 °C
0C2 =276 °C
OC3 =481°C
0C4 =583 °C
EC1 =583 °C
EC2=737°C
EC3=839°C

Since the precision of temperature measure does not exceed 1% of the designated temperature,
these temperatures are rounded to the nearest tens for simplicity. The following temperature
protocol is implemented into the Model 2001 analyzers, and referred to as the IMPROVE_A
protocol:

OC1 =140 "°C
0C2=280°C
OC3 =480 °C
0C4 =580 °C
EC1=580°C
EC2=740°C
EC3 =840 °C

The IMPROVE_A protocol was first applied to the 57 Fresno samples with the Model
2001 analyzers. Results from the IMPROVE and IMPROVE_A protocols are compared with
those from DRI/OGC analyzers in Table 4-2. The precision of TC, OC, and EC measurements
holds for either of the comparisons. The distribution of the differences shows that over 96% of
the samples are within £2 ¢ for TC, OC, and EC using IMPROVE_A, as compared to 59-77% of
samples using the original IMPROVE protocol. This confirms that TC, OC, and EC are less
influenced by minor fluctuations in the analytical conditions. However, the IMPROVE A
protocol generally produces higher OC2, OC3, OC4, and lower OC1 and OP, due to a higher
combustion temperature, which brings the results closer to the DRI/OGC carbon fractions.
According to the linear regression slopes (Table 4-2), the IMPROVE A protocol improves the
agreements between DRI/OGC and Model 2001 analyzers for OC3, OC4, and EC2 fractions,
with comparable results for OP and EC1. OC3 and OC4 are still lower in the Model 2001, likely
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due to the lower trace oxygen level in the oven. OC1 and OC2, which mostly represent the
organic sampling artifacts, show greater variability.

The same IMPROVE A protocol was then applied to another 160 samples randomly
selected from the IMPROVE network (between 1999 and 2003, IMPROVE VI in Table 3-1) to
evaluate its performance on rural samples. Good agreements on TC, OC, and EC measurements
were achieved between the DRI/OGC and Model 2001 under the IMPROVE_A protocol (no
negative OP was observed on the analyses). The results of these analyses are shown in Table 4-
2, with scatter plots shown in Figures 4-8 and 4-9. Compared with the urban Fresno samples run
under this protocol, the IMPROVE samples show much better agreements on OC3, OC4, and
EC1, with T-test indicating the same means between the DRI/OGC and Model 2001
measurements. One likely explanation is that lower loadings, resulting in shorter analysis time,
reduces the influence of trace oxygen in the oven. The OC3 and OC4 from the DRI/OGC,
however, are still slightly higher than those from the Model 2001.

When compared with the carbon fraction measurements of the Model 2001 using the
original IMPROVE protocol (IMPROVE I and IMPROVE 1I in Table 3-2 and 3-3), the
IMPROVE_A protocol produces robust TC, OC, and EC measurements that differ from the
DRI/OGC results by less than 10%. Linear regression slopes are 1.01 to 1.02 for TC, OC, and
EC, with the £15% criteria met by OC3 (1.12), OC4 (1.09), and EC1 (0.95). The T-test shows
differences mainly for low temperature OC (i.e., OC1 and OC2) and high temperature EC (i.e.,
EC3). The distribution of differences shows that 81% of the samples fall within +2 o, with the
exception of OC2 (Table 4-2). The IMPROVE _A protocol brings the OC3, OC4, OP, EC1 and
EC2 fractions closer to the DRI/OGC results than the original IMPROVE protocol. Agreements
were lowest for OC1, OC2, and EC3, which are either too variable or too limited on the samples.
These observations confirm that temperature is the key factor causing the biases in carbon
fraction measurements, and that these biases can be solved by temperature calibration and
adjustment.

To fully simulate the average analytical conditions of the five DRI/OGC analyzers, O
concentrations of 200 + 50 ppmv were added to the Model 2001 He carrier gas and monitored
with GC/MS. Starting from the IMPROVE_A protocol, several temperature plateaus were
programmed and tested with punches from Fresno samples. The best agreement between the
DRI/OGC carbon fractions was found with the 250 ppmv atmosphere and temperature plateaus
of 142 °C for OCI1, 238 °C for OC2, 468 °C for OC3, 579 °C for OC4, 591 °C for EC1, 738 °C
for EC2, and 841 °C for EC3. These conditions were then applied to the IMPROVE (IV) sample
set (Table 3-1) with comparability measures reported in Table 4-1 (OC1_conditioned, etc.) and
scatter plots in Figure 4-10.

Performance measures show good comparability for TC < 20 pg cm’, but they degrade
when higher concentrations are included. This is evident in Figure 4-10. Figure 4-11 compares
TC, OC, and EC. These are equivalent except for the higher EC concentrations. OP in the
IMPROVE data base was zero for the higher concentration samples that deviate from the 1-to-1
line. The Model 2001 produced negative OP for most of these outliers with 250 ppmv in He.

These tests show that it is possible to modify the temperature and carrier gas composition
analytical conditions in the Model 2001 to simulate those of the DRI/OGC units. However, the
instrument characterization reported in Section 2 shows that these conditions vary substantially
among the five instruments, which may prevent a full simulation. Section 4.1 shows that the
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carbon fraction concentrations are sensitive to these variations, although TC, OC, and EC are
stable with the TOR pyrolysis correction.

To illustrate this, Figure 4-12 compares carbon fractions from two Fresno samples
analyzed nine months apart using the same DRI/OGC instrument (CA2). The substantially
different OP indicates that conditions are different. The more recent analyses (5/2004) are closer
to the results from a Model 2001 (CA #10) with the intended IMPROVE TOR protocol. The
results in 2003 agree better with the temperature- and O;-modified IMPROVE_TOR protocol
implemented on the Model 2001. Despite all these variations, the OC/EC split reported by the
two analyses is the same.
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Table 4-1. Comparability measures for adjusted carbon fractions on DRI/OGC and Model 2001
carbon analyzers.

Comparisons [Number  Average of Ratios Distribution of Differences T-test Corr. |  Average of the Diffe N ighted Linear Regr
of Pairs y/x * Standard (pgem’) Slope (zero intercept)
X y Deviation <lg lo-20 20-3¢ >3a P value n x y y-x tStandard Error
Meodel 2001 vs. DRI/OGC Maodified Carbon Fraction Comparisons
DRI Model 2001 DRVOGC
IMPROVE ()
ocC1 OCI_processed 154 276 +9.56 51% 3N2% 1% 6% 0.56 028 [ 037 036  -0.01 0.73 + 0.04
0ocC2 OC2_processed 154 1.05 £0.14 %  25% 2% 1% 0.39 0594 | 275 2.87 0.12 1.03 + 0.01
oc3 OC3_processed 154 1.00 0.18 62%  30% 8% 1% 0.76 095 | 3.34 341 0.06 1.03 + 0.01
0oc4 OC4_processed 154 1.08 £0.17 67%  27% 6% 0% 0.40 096 | 2.04 215 o.11 1.04 £ 001
oP OP_processed 154 127 +049 0% 44% 5% 1% 0.0l 094 | 274 319 045 112 £ 0.02
ECI EC1_processed 154 120  0.43 51%  28% 18% 4% 0.26 096 | 328 3.55 0.27 1.02 % 001
EC2 EC2_processed 154 111 #0.37 66%  26% 8% 1% 0.40 089 | 128 135 007 1.01 % 0.02
EC3 EC3_processed 154 2.89 +9.95 4%  44% % % 0.76 055 | 013 014 000 0.76 £ 0.05
IMPROVE (1)
oCl1 OC|_processed 89 1.50 +4.26 16% 19% 1%  54% 0.27 059 | 044 038 006 0.79 + 0.06
0C2 OC2_processed 89 1.07 +0.14 60% 28% 12% 0% 0.43 098 | 254 274 021 L1l % 0.02
oc3 OC3_processed 89 097 +0.24 61%  29% 9% 1% 0.99 093 | 3.06 3.06 0.00 104 £ 0.03
oc4 OC4_processed 89 1.02 £ 0.18 %  18% 9% 1% 0.85 095 | 2.04 200 0.04 093 £ 0.02
oP OP_processed 89 134 £037 38%  34%  I18%  10% 0.02 0.86 | 2.63 326 063 118 + 0.03
EC1 EC)_processed 89 130 +0.38 6% 34%  21% 9% 021 095 | 3.4 36! 0.47 1.08 % 0.02
EC2 EC2_processed 89 1.03 £0.31 51%  30%  15% 4% 0.66 085 | 124 120 -0.04 093 & 0.02
EC3 EC3_processed 89 0.79 £ 0.68 53% 26% 8%  13% 0.01 062 | 013 008  -0.04 0.52 = 0.04
IMPROVE (L&)
oC1 OC1_processed 243 2.30 + 8.05 38% 28% 1% 23% 0.22 046 | 040 037 003 075 £ 0.03
oc2 OC2_processed 243 1.05 +0.14 67%  26% 6% 1% 0.24 096 | 2.67 2.83 0.15 1.06 + 0.01
oC3 OC3_processed 243 0.99 & 0.20 61% 30% 8% 1% 0.82 094 | 324 328 004 1.03 £ 0.01
0C4 OC4_processed 243 1.06 & 0.18 69% 2% 1% 0% 0.65 095 | 2.04 209 005 099 = 001
op OP_processed 243 129 £ 045 6% 40%  10% 5% 0.00 090 | 270 322 052 114 % 0.02
EC1 ECI1_processed 243 124 + 041 45%  30%  19% 6% 0.10 095 { 323 357 034 104 + 001
EC2 EC2 processed 243 1.08 035 60% 28%  10% 2% 0.65 087 | 127 1.29 0.03 0.98 £ 0.0l
EC3 EC3_processed 243 212 796 51%  31% 1% 5% 022 |oss| 013 o0z 001 0.68 + 0.03
IMPROVE (IV)
TC < 20 pg om”
TC_conditioned TC 75 0.94 £0.13 53%  2T%  17% 3% 0.57 098 [ 986 945 04l 0.97 % 0.01
OC_conditioned oc 75 090 % 0.13 4%  25% 2% % 0.30 098 | 897 829  -0.68 094 £ 0.01
EC_conditioned EC 75 1.80 +2.02 2% 6% 19%  13% 0.03 093 | 089 1.16 0.26 116 % 0.03
OC1_conditioned oc1 75 1.18 +0.90 as%  29%  13%  12% 0.74 054 | 075 0.78 0.03 093 & 0.07
OC2_conditioned oc2 75 0.87 £0.19 9% 28%  17%  16% 0.31 094 | 180 L4 0.17 096 £ 0.02
OC3_conditioned oc3 75 0.83 +0.17 35% 33%  20%  12% 0.03 091 | 376 313 -063 0.83 £ 0.02
0C4_conditioned 0oc4 75 114 £ 0.40 a7% 4% 8% 4% 0.65 090 | 157 1.64 0.07 1.0l % 0.03
OP_conditioned or 75 1.04 £0.54 6%  20% 8% 5% 0.99 089 | 110 1.09 0.00 0.99 + 0.04
EC!_conditioned EC1 75 133 2131 8% 3% 8% 7% 0.53 094 | 1.46 1.59 0.13 1.06 + 0.03
EC2_conditioned EC2 75 127 £047 57%  31% 9% 3% 0.14 081 | 053 0.61 0.08 1.09 £ 0.04
EC3_conditioned EC3 75 470 +5.26 67% 2% 11% 1% 0.00 015 | 000 0.05 0.05 416 = 1.74
All Data
TC_conditioned TC 110 096 +0.12 63% 22% 13% 3% 0.93 1.00 | 2285 2245 040 098 £ 0.00
OC_conditioned oc 110 093 0.3 0%  25%  19% 5% 0.80 100 | 2056 1957  -1.00 0.92 + 001
EC_conditioned EC 110 1.60 + 1.69 28% 34%  18%  20% 0.24 090 | 229 2.88 0.59 1.38 £ 0.05
OC1_conditioned 0cC1 110 122 £ 0.89 a7%  21%  12% 4% 0.90 095 | 192 186 007 085 + 0.03
OC2_conditioned oc2 110 092 %021 1%  28%  18%  13% 0.86 098 | 387  4.03 0.16 121 £ 0.02
OC3_conditioned oc3 110 0.87 x0.19 6% 3% 18% 13% 0.37 097 | 9.05 758 -147 0.74 & 0.02
0OC4_conditioned 0c4 110 113 £ 037 43%  38%  10% 9% 0.94 095 | 448 4.56 0.07 0.87 £ 0.02
OP_conditioned oP 110 3.07 935 57% 15%  13%  15% 0.36 029 [ 123 1.53 0.30 103 % 0.18
EC1_conditioned EC1 110 1.29 £1.16 38%  35%  12%  15% 0.29 0.76 | 292 3.60 0.68 145 + 0.10
EC2_conditioned EC2 110 1.28 £047 3%  34%  10% 4% 0.01 079 | 0.59 0.73 0.14 124 % 0.04
EC3_conditioned EC3 110 7.33 +9.64 64% 2%  13% 2% 0.00 033 | 000 007 007 778 £ 1.54

* Corrected with empirically derived linear regression statistics
® with the 250 ppmv atmosphere and temperature plateaus of 142 °C for OC1, 238 °C for OC2, 468 °C for OC3, 579
°C for OC4, 591 °C for EC1, 738 °C for EC2, and 841 °C for EC3



Table 4-2. Comparability measures for carbon fractions on DRI/OGC and Model 2001 with the

IMPROVE and revised IMPROVE (IMPROVE_A) protocols.

Comparisons [Number ~ Average of Ratios Distribution of Differences T-test Corr. |  Average of the Di N ighted Linear
of Pairs y/x + Standard (pgem™) Slope (zero intercept)
x y Deviation <lo lo-20 2030 >0 P value r) X y y-x 1Standard Error
Model 2001 vs. DRI/OGC Carbon Fraction Comparisons
DRI Modei 2001 DRVOGC
Fresno
TC (IMPROVE) LY 57 1.07 +0.07 0% 35% 2% 14% 0.65 1.00 | 4005 4280 276 1.07 + 0.005
OC (IMPROVE) OC (negative OP) 57 1.10 +0.08 26% 33%  32% %% 0.54 1.00 | 3116 3415 299 1.09 + 0.006
EC (IMPROVE) EC (negative OP) 57 094 +0.17 47%  30% 18% 5% 0.82 099 | 894 866 028 098 + 0.013
OC1 (IMPROVE) ocC1 57 1.28 + 0.6 0% 30% 0% 0% 0.80 097 | 414 439 028 098 + 0.02
OC2 (IMPROVE) oc2 57 078 +0.08 19%  61% 19% 0% 0.08 099 | 789 6.11 -LT7 0.76 + 0.01
OC3 (IMPROVE) oc3 57 1.80 +0.23 2% 3%  61% 0% 0.00 099} 891 1636 745 1.85 + 0.02
0OC4 (IMPROVE) oc4 57 1.67 +0.49 18% 33% 3% 12% 0.00 094 | 474 9.01 427 212 £ 0.08
OP (IMPROVE) or 57 0.12 £0.17 2% 0% % 9% 0.00 007 | 543 041  -5.02 0.05 + 0.01
ECI (IMPROVE) ECI 57 0.56 +0.17 2% 12% 1% 75% 0.00 095 | 1260 627 632 045 001
EC2 (IMPROVE) EC2 57 0.50 +0.20 16% 33% 4% 1% 0.00 075 | 1.63 0.81 0.82 0.50 + 0.02
EC3 (IMPROVE) EC3 57 047 +0.84 0% 61% 4% 0% 0.00 018 | 014 007 007 041 = 0.08
Fresno
TC (IMPROVE_A) LY 57 102 0.12 %% 4% % % 0.83 099 | 4148 4280 132 1.04 £ 001
OC (IMPROVE_A) OC (negative OP) 57 1.01 +0.12 88% 11% 2% 0% 0.89 099 | 3345 3415 070 1.04 = 0.01
EC (IMPROVE_A) EC (negative OP) 57 1.08 %025 0%  26% 4% 0% 0.61 096 | 8.03 8.66 0.63 1.07 + 0.03
OC1 (IMPROVE_A) oC1 57 174 +1.46 aT%  40%  12% 0% 0.93 092 | 430 439 009 092 = 0.04
OC2 (IMPROVE_A) oC2 57 0.66 +0.10 5%  26%  40%  28% 0.00 098 | 89 611 279 072 + 0.01
OC3 (IMPROVE_A) ocC3 57 153 023 14% 0%  16% 0% 0.00 097 | 1050 1636  5.86 1.57 + 0.03
OC4 (IMPROVE_A) oc4 57 1.61 +045 26%  32% 8%  14% 0.00 092 | sa2 9.01 3.89 189 + 0.07
OP (MPROVE_A) op 57 0.16 +021 % 5% %  81% 0.00 0.03 | 462 0.4] 421 005 + 0.02
EC1 (IMPROVE_A) ECl 57 0.57 £0.16 2% 12%  12%  74% 0.00 094 | 1191 627 564 049 + 001
EC2 (IMPROVE_A) EC2 57 115 +0.54 68%  25% % 0% 031 066 | 074 0.81 0.08 1.06 + 0.06
EC3 (IMPROVE_A) EC3 57 1.62 % 3.05 56%  39% 5% 0% 0.00 0.02 | 0.01 0.07 0.06 0.63 + 0.49
IMPROVE (VD)
TC (IMPROVE_A) c 160 1.00 =013 56%  26% 4% 4% 0.88 0991 1400 1449 0.8 1.02 + 0.007
OC (IMPROVE_A) oc 160 1.00 +0.13 4%  32% 12% 1% 091 099 | 1202 1214 0.2 1.01 + 0.008
EC (IMPROVE_A) EC 160 1.08 +0.32 % 3% 4% 3% 0.77 098 | 198 2.05 0.07 102 = 0.010
OC1 (IMPROVE_A) oCl 160 1.89 +2.8] 8%  18% 3% 1% 0.01 080 | o083 119 0.35 112 £ 005
OC2 (IMPROVE_A) oc2 160 0.73 +0.14 14% 31% 41%  14% 0.00 097 | 3.09 227 082 074 + 0.01
OC3 (IMPROVE_A) oc3 160 119 +0.29 54%  33% 8% % 0.07 093 | 3.70 43s 0.64 112 £ 002
OC4 (MPROVE_A) 0oc4 160 116 %033 61%  24% % % 028 096 | 2.31 2.60 0.29 1.09 + 0.02
OP (IMPROVE_A) or 160 0.86 +0.35 6%  23% % 3% 0.06 076 | 208 173 035 078 + 0.03
EC1 (IMPROVE_A) EC! 160 095 +0.27 65% 22%  10% 3% 049 092 | 327 303 024 0.95 + 0.02
EC2 (IMPROVE_A) EC2 160 096 %035 69%  25% 5% 1% 0.13 080 | 0.78 070  -0.08 084 + 002
EC3 (MPROVE_A) EC3 160 1.97 £2.76 7%  19% 3% 1% 0.00 043 | 0.02 0.05  0.03 0.89 + 0.11
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Figure 4-1. Carbon fractions in total carbon (TC) by IMPROVE_TOR as functions of analytical
temperature and atmosphere for a Fresno sample on 7/16/2003.
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Figure 4-3. Replicate variation (RV) of total carbon (TC) as a function of mean TC
measurements with DRI/OGC analyzers. Replicates were performed on 1,010 IMPROVE
samples from more than 150 sites. The sampling period was from 12/1999 to 10/2002, including
224, 381, 236, and 169 samples in spring, summer, fall, and winter, respectively. The curved
lines indicate the uncertainty of individual TC measurement at a 95% confidence level. The

parameters of this line are minimum detection limit MDL = 1.49 ugC per filter and coefficient of
variation (CV) = 8.4%.
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Figure 4-4. Replicate variation (RV) of carbon fractions as a function of mean carbon fraction
measurement with DRI/OGC analyzers. 95% confidence lines and number of samples are the
same as those shown in Figure 4-3.
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Figure 4-5. Replicate variation (RV) of organic carbon (OC) and elemental carbon (EC) as a
function of mean OC and EC measurements with DRI/OGC analyzers. 95% confidence lines and
samples are the same as those shown in Figure 4-3.
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Figure 4-6. Comparison of: (a) OC1 and (b) EC1 replicates between two DRI/OGC analyzers
and between a DRI/OGC and a Model 2001 carbon analyzer. The blue dots indicate replicates of
the 1,010 IMPROVE samples by the DRI/OGC analyzer. The red dots indicate replicates of the
243 IMPROVE | and IMPROVE Il samples by the Model 2001. The Model 2001 measurements
are within the uncertainty of the DRI/OGC measurements.
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Figure 4-8. Comparison of Model 2001 and DRI/OGC total carbon (TC), organic carbon (OC),
and elemental carbon (EC) using the IMPROVE_A protocol on 160 IMPROVE VI samples
collected between 1999 and 2003 (temperature plateaus of 140 °C for OC1, 280 °C for OC2, 480
°C for OC3, 580 °C for OC4, 580 °C for ECL1, 740 °C for EC2 and 840 °C for EC3).
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Figure 4-9. Comparison of Model 2001 and DRI/OGC carbon fractions using the IMPROVE_A
protocol on 160 IMPROVE VI samples collected between 1999 and 2003 (temperature plateaus
of 140 °C for OC1, 280 °C for OC2, 480 °C for OC3, 580 °C for OC4, 580 °C for EC1, 740 °C
for EC2 and 840 °C for EC3).
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Figure 4-10. Comparison of Model 2001 and DRI/OGC carbon fractions for 110 IMPROVE IlI
samples with the modified carrier gas (250 + 50 ppmv O, in He for OC analysis) and
temperature conditions (temperature plateaus of 142 °C for OC1, 238 °C for OC2, 468 °C for
OC3, 579 °C for OC4, 591 °C for ECL1, 738 °C for EC2, and 841 °C for EC3).
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5 SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

5.1 Summary

The DRI/OGC analyzers used for IMPROVE carbon analysis since 1987 are obsolete.
They break down frequently, spare parts are no longer manufactured, and their data acquisition
and processing software is antiquated. The Model 2001 carbon analyzer has been designed and
tested as a replacement for future IMPROVE sample analysis The Model 2001 permits a much
lower O, diffusion from outside air into the sample heating zone during the pure He stage used to
quantify OC fractions. It also allows more accurate and precise monitoring of the sample
temperature. Both instruments perform equivalently when implementing the IMPROVE_TOR
protocol to measure TC, OC, and EC. They provide different, but highly correlated, results for
the seven thermal carbon fractions and optical reflectance pyrolysis corrections reported to the
IMPROVE data base. Comparisons of the thermal fractions between the DRI/OGC and Model
2001 for a limited sample set are the same as those found between different DRI/OGC analyzers,
or for the same DRI/OGC analyzer used at different times. OCI1, OC2, and EC2 are most
affected by temperature differences as low as £20 °C. OP, OC3, and EC1 are most affected
when O, > 100 ppmv in the pure He carrier gas during the first part of analysis. Nominal
conditions for the DRI/OGC analyzers can be simulated by the Model 2001, which gives
equivalent thermal carbon fraction concentrations for a given set of DRI/OGC conditions.
Consistent relationships can be established via multiple linear regression methods when
DRI/OGC conditions do not change.

5.2 Conclusions

e TC, OC, and EC are comparable among and between different analyzers with the
same design and between different instrument designs for the IMPROVE TOR
protocol and other temperature protocols that use TOR for pyrolysis charring
corrections.

e OC and EC are sensitive to the temperature protocol when a TOT pyrolysis charring
correction is used. The difference depends on the type of sample and can be as high
as a factor of 3 or 4 for EC.

e (Carbon fractions measured with the DRI/OGC analyzers are highly variable owing to
differences in the sample temperature and O, level in the pure He carrier gas.

e DRI/OGC temperature and carrier gas conditions can be simulated in the Model
2001, but the high variability in the DRI/OGC analyses does not define an exact
condition to be replicated.

e Analytical conditions such as O, level and temperature can be much better controlled
in the Model 2001.
5.3 Recommendations

1. For IMPROVE samples collected in CY2005, begin analysis with the Model 2001
using the revised IMPROVE protocol (IMPROVE_A) rather than the DRI/OGC with
more variable temperature and atmosphere conditions. Calibrate thermocouples to
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obtain stated IMPROVE_A temperatures of 140 °C for OC1, 280 °C for OC2, 480 °C
for OC3, 580 °C for OC4, 580 °C for EC1, 740 °C for EC2 and 840 °C for EC3 within
+5% of the designated temperature. Institute periodic quality control checks of
temperature calibration and carrier gas composition. Calibrate reflected and
transmitted laser responses among instruments and report initial, minimum, and final
values in the data base. Report negative as well as positive TOR and TOT pyrolysis
charring corrections.

. In addition to regular replicates measured among the five Model 2001 analyzers,
analyze an additional 5% of replicates on two of the DRI/OGC analyzers for at least
one year. If discrepancies exceeding 10% in TC, OC, or EC are found between the
Model 2001 and DRI/OGC analyzers, an additional 5% of replicates will be analyzed
to verify the causes. Operate the DRI/OGC analyzers according to current procedures
with periodic audits of their temperatures and carrier gas compositions. Conduct
further comparisons of TC, OC, EC, and the carbon fractions.

. Report Model 2001 carbon fractions following the IMPROVE_A protocol with new
identifiers (OC1A, OC2A, etc.) so they won’t be confused with previous values.
Report the 5% DRI/OGC values with their current denomination.

. Analyze additional data to: 1) determine effects of analyzer change on TC, OC, and
EC for a wider range of samples than those reported here; 2) determine variability of
thermal carbon fractions within and between instrument designs; 3) determine effects
of mineral oxidation and catalysts on EC evolution; 4) better identify heavily loaded
samples and residual minerals from optical measurements; and 5) estimate different
absorption efficiencies of atmospheric and filter pyrolyzed char from R and
transmittance measurements.

. Conduct systematic studies of new and archived source samples to define thermal
carbon fractions that better represent adsorbed organic vapor and source
contributions.
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Appendix A. (continued)

References

Chow et al., 1993; Chow et al., 2001

Fung, 1990; Fung et al., 2002

Huntzicker et al., 1982

Birch 1998; Birch and Cary, 1996a, 1996b; NIOSH 1996, 1999
Peterson and Richards, 2002

Sin, 2002

Yang and Yu, 2002; Yu et al., 2002

Mader et al., 2001

9. Sharma et al., 2002

10. Lim et al., 2003

11. Novakov, 1982; Ellis et al., 1984; Kirchstetter et al., 2001
12. Cachier et al., 1989

13. Lavanchy et al., 1999

14. Tanner, 1982; Gaffney et al., 1984

15. Cadle et al., 1980, 1983

16. VDI, 1996

17. VDI, 1999

18. Mizohata and Ito, 1985

19. Rupprecht et al., 1995

PN P LD =

A-3



"8|qe)oipaid paJapisuod aq o} Ajualoyns
ou Inq ‘03 pue DY YUM pajejpuod alem Hyd Punog-sdiled
'0g Jejswofeyjse uey} jaybly %Sz-0Z Apuaisisuco sem 93 HOL 9

‘[duueyd Wu 0gg Jo} Jajawojeyiee yibusjerem-; ay) Aq
painsealu sem 9g $s9] qw/brl 110 jo abelaae ue Inqg ‘| 10 JusioIya00
uoneeuod ybly e Moys sjuswainsesw JojwoeYdE OM] ‘G

'S4S PUE ‘SSVY ‘W4 Buowe

Biw 20 F 020 O 20 F ¢'LL woy pabues yaioyeoo uondiosqe
8yl 03 pue s*q ussmaq punoj si (60<!) uonejpuod ybly v
"UogJes Jajy ueyy Jaybly %09-%0% Sem uogie [ejo} 00¥S 49y '€

"00 I8}l Juol ay} Jo %6 ~ ‘cw/brl

G0 F 190 sem Joeupe aajebau abesaae ay) ‘sispnusp Buipaosid
UM ‘ew/Brl Lg0 F ZLL Pue |uueyo zuenbjsuoys) papnuap
-uou ay) Joj (w/Br g0 F Z9'| Sem Joepue DO aAlsod abelsae ay| 7
‘sigidwes Oy

-GSV Y} Ul S|3UUBYD papnuap-uou pue papnuap Uasmiaq D1 Jali
Juolj Joj pue ‘siajdwes S4S pue ‘00Y-SYvY ‘Wld 001-Svvy Buowe
93 pue ‘90 ‘DL ‘S*Q ‘sSew SNd JO) punoj sem sdusjeanb |

(utw-Q1) Joyuow Hyd punog-sjoiued 000Z SYd '8
"(Aunoy) (oypuaiog sebey ‘sog-3v pue Nyl

-Jv) Jeyswoleyjee yibuajerem -uaaas pue -ajbulg 2
"(Aunoy)

JOjuo ojenoied uogqied Jusiquy Q0yS 48 9
"HOL IA0UdWI A9 D1 pue ‘03

‘00 10} pazhleue alom sajdwes Ja))y Jaqy-zueny G
‘18)awoyisusp Buisn

sGeq 1o} pozAjRUR 2Jam SIB)|) auRIqIBW BUOP3| b
{4y

-t2) (s4S) Jeidwes Jayy jenuenbas [suueys-eng ¢
(Wy-2) (siepnuap seb

olueblo Jnoyym pue Yim) 00-SYVY [BUUeYI-XIS T
(U-4Z) WY 001-SVWY 1Buueyo-gjbuig |

{00z ‘MoyD pue uosiepm)

‘SN JusIque ueqin :adky e

"JOLISIP [0JBWILIOD OUSBI4 UMOJUMOP

ay) J0 JSeaypoU YHoU Wy G'G ~ ‘Jealg Jsid
UHON GZ¥E 1B aysiadng Ousaly UOHESD] Z
0002/9L/21 —000Z/1/) BWIL "}

juswsadxg aysiadng ouselq

‘AleAnoadsal ‘(syuswnuisul

6) %99 PUB ‘%QZ ‘%GZ JO UOjeueA jo sjusloya0d pajood pey
03 pue ‘30 ‘gL ‘sjuswainseaw (GNOW pue pajesbajui-awi) 104 G
"7 Jajawojeyjee Jo

%05 ~ Aluo sainseaw dySd Inq ‘(26°0 = z¥) JejswWojeyise pue dysd
dU} UsBM]Bq punoj SI SjusWAINSeaW 93 JO UONR[ELO0d 1S3q dYl b
Aieayoadsal ‘03 pue 30 190/NY uey)

18Ybly %0Z Pue JaMO| %8 SeM 005 I3y Aq painseaw 03 pue 90 ‘¢
%8/ — $S S| Sjuswainseaw O Jo sued usamiaq

‘9016 - %t/ SI Sjuswainseaw 3 Jo sued usamiaq (zy) uonesuo) g
‘Alaaoadsal

‘Sjludnysul ¢ pue ‘¢ ‘z Jo SuojeueA JO Sjuloyeod psjood
se passaldxs ‘9,9z pUB ‘%E | ‘%Z SI painseaw alem 93 pue ‘00 ‘0l
alenaied SNONUIUODIWAS Yaiym yim uoisivaid sedwes-1ajut, ayy 'L

‘Spoyjsw 101 10 yOl1 >n_ vo~>_mcm
alam sl "(1Y $2) (SAVA-OHN Pue ‘WOd 11D ‘WOd
ViV 'SS08-0d VAL 'SS08-0d NAQG ‘uoneisds
d%¥ 'WYd ey ‘SSYW 9dn 'SSYS auOlenw
_mm<m_ :ow._wvc,& mw_aEmw I IE] vmum._mmuc_ 'L

(4oL Aq pezhjeue
‘abesare  Jy-zy) soidwes Jopedw) 1aNOW 9

(umowyun ainjesadwsay ysey ‘o049

c_E-o: ._wN>_m:< uogqsed :o_umNtoaa> yse|4 1avy ‘g
(Aunoy) (soueipey) dvsd v

(Aunoy) (ayguaiog aabey) sejewoleyiey ¢

"(Aunoy)

IOJUOW Bjejnoled uoqied juaiquy 00KS dtY T
"(1noy Jayjo Aiana abesane uy-1) JazAjeuy

uogiep [eandoseuusyt aps w (9o/sLbiny i

(002 “1e 32 wirY)

SN Juaique ueqin :adA| e

VO

‘BJUBJY UMOJUMOP JO JSOMULOU WY ¢ ~ eale
[efuspisal-feLisnpul paxiw e ul pajedo| jeals
uosiayer Je aysiadng ejuepy UONEDOT 2
6661/1/6 — 6661/£/8 -pousd '}

juswitedxy ayisiadng ejuepy

sBuipui4 Jofeyy jo Klewwng

POYIaW [ednAieuy pue Bulidwes

adA | Juoneso/pouad/ApniS

"Sorpmys uosuedwooINUI U0qIed Jo Arewwng ‘g xipuaddy




"$|0S0I9e paxiw Ajjewsaju; ‘pabe aiow

ay) 0} anp Ayl ! ‘Wafy ‘alis ajowal jsow ay) Je (s's)y Isaybiy 8y “y
‘Ajoanoadsal ‘Bj;w g} ) 0) Bz z'¢ woyj pue

bW ¢'gz 0} b/;w {9 woly pajewi)se Sem dySd Pue Ja)awoeyiae Joj
03 1o (s's)y Aouanowe uondiosqe auyads-a)is ueipaw jo abuel ay] ¢
‘[1om s1be sjusliainseal

e 213ym ‘Hopy oowal Joj Jdadxe sa)s B 1B %9/ Se yonw Se
Aq ‘senbiuyas) sisAjeue jeuusy) Aq pauiuuslep se ‘93 ajewlysasapun
PUE Jaylo yoes yim aaibe sjuawnuisul gySd pue Jajswojeulee ay] 'z
"HO1 IN0HdNI

WOJj UOHBAUSIUCD JSJBWS %0} ~ Yum Jejuis aq o} pajoadxa
8q ueo dejg-z aouesd pue 1OL LOSIW woy pauluualep 93 )

(Aunoy) (soueipey) dvSd v

‘(Aunoy) (oyuaiog sabep ‘)L -3v) Jejewoleyisy ¢
'sjoo0j0ud [euusay) buneay ysey days-z

V30-SUND 8oueld pue ‘1OL LOSW “HOL IAQHdNI
Aq pazAeue asam sojdwes Jayy Joqy-zuend) g
(syeem Z 0 sy

Z) woyj awy buibeiane) Jsjdwes ST Jusiquy )

(200Z “|e 10 euLRYS)

"STNd uslque

uegin ‘ueqingns ‘lesru ‘sjowsy :adhl ¢
(pseA jooyos ‘uequn) uojsiaLled

pue ‘(piek |00yos ‘uequn) Ja)sayauIp ‘(apispeo
‘uequn) OJUOJO] ‘SNUBAY SUBAT ‘(uequngns)
maisumoq ‘(jesru) pagb3 ‘(jejusunuodyejowsi)
Haly :epeue’) SSOI0E Sa)Is XIS :SUONEIOT 2
000Z/8

0} 8664/} Woy sl Apnjs |lesar0 Byl ‘sejis
Buydwes g Joj spouad awi) Jussayig Bl |

Apnjg uoque) yor|g epeues)

sbuiputy 1ofepy Jo Arewuing

poyia [eonteuy pue buydwes

adA | juojeaoy/pousd/Apnis

(ponunuod) g xipuaddy




‘sjuawaalbe
parosdwi paIA ueo Juswainsesw aeld buneibeyul oy (/661
‘YIeAIOH) pPoYIBW UON8kI00 ¥ (#2°0 = 2J) Jig} S| JuswaInsestu Jajy
adf; ajeid buyeibajul ue pue seeq ansnodeojoyd JO UOREIRL0D 8Y] '€

67w

9'¢ ~ JO D3 Jo} Aouaye uondiosge e ul paynsal uosuedwod ay|
"MO| SEM UOIJBJJUSOU0D 9J USYM palinado uoljeueh abie (680 = z1)
saeq ojsnooeojoyd yiim uoie(aoo poob e smoys osie 93 ¥OL 84l 2
‘wu Zgg je b/zw g ~ pue wu ggg je bw G ~ jo 0g

Joj Aouatoye uondiosqe ue w pajnsal uosuedwod ayl (260 — £8°0
= 1) se=q oysnooeojoyd 0} pajelslo [[am SI g Jajswojeyiee ay] |

‘(abesane ulw-g1)
(wu Ggg pue wu zgg) Juatunnsul JMSNOJBOIOY ‘¢

(uw

-04) (oynusiog aabey ‘WioL-3v) Jejewoeysy ‘¢
"(+aypwiopsuaqg

0l-xglL seiqol) oed Gugesbojr ue  Buisn

pazAjeue aJam Youm sia)y 3414 uo spouad noy
-Z1 10 -9 1o} Uo paje|nwnode alam sajdiued j0sosay g

"14Q e jodojoid YO 1 IAOHIWI Yy Buisn pazkjeue
alom yoiym ssa) Jaqu-zuenb uo spoued unoy
-Z1 10 -9 10} UO PaJe|NWNIIL aJam SedIed [0solay °|

(8661 “e 1 Ja|INWSOON)

SN Jualque ueqngng :adh] €

JOAUS(] UMOJUMOP JO JSBSYLIOU W) OE Inoge
JUBLUUOJIAUS [BINJILISS € U PaJedo| S ‘OpelojoD)
‘uojybug e alis SOVMAN 8yl :uoneso 2
1661/6/1 —9661/L1/C) -pousd °L

(SOVHAN)
Apmg Ayenp i1y abuey juoid wsyuoN

"JjeIasie ay) uo sjuswainseaws jeaido
nys Ul woJlj paAuap sanjea pabelaae-leuwnod ay) ueyl (100 AQ)
1aybiy Apybys sopaqje buusyeos-ajbuis papjaik |apow Z1¥HLIdS 'S

"SOjeWNSD
fousioye uondiosge g ui saselq yueayubis o} pesy Jybiw syl "%Lg
Je pajewysa sem 31 Jo Ajuiepaoun ay) sious djews)sAs Bugespul
‘030 0} dAeIRI %6~ SEM J) o) anpisal ueaw 8y} (G¢'0 = J) 930
Uym auy L1} ayy mojeq Jiam Buik eyep paonpoid poylew 31 8yl

60— 6g"0 woy

pauea Jey) sajpied ayows Joj opaqe Buusyess aibuis psonpoid 930
ay} “Jejewoyaydau woly syuawainseaw Buuapess ayy jo Buuiquo) ¢
‘gidwes uw

-|, Joj opaqye Bunayeos a|buis ul Go"F JO SaRUIBLAOUN OJUl PSJRISUB)
SIYL "%0F ~ Pajewnse sem dySd Ul Auiepsoun sy "anbjuyos)
HO 8 Pue dvSd oy} usamisq %Gp JO SOUBLEA B SEeM a8yl '
‘Aienyoadsal ‘9 /| pue %0y e

Pajewlsa alam SpoyisW YO PUB d| Ul Saijuiepasun ay| "AjpAnoadsal
‘9%G’0— PUB %€— SIaM YO PUB d| J0} SNpISa) UBsW 8y} ‘=0 Jualdlye00
uondiosqe Jo Syuswainsesw H3O OY) YuMm aul i punole Japeos
Jey) ejep paonpold spoyiew YO Pue 4| ay) ‘sejdwes awnjd-ui Jod ‘|

‘[9powl Jajsuel)
sAjelpes (9g6l ‘uepiony pue pug) ZIVHLOdS
Buisn opage Buwspess-sjbuis ‘pabelane-Jeuwwnjod
U} JO SOjewnsa UIB)qo O} Pasn alam Blep Souelpel]
U pauiquod Jejawojoyd ung o ajBles woyy
sjuswainsealy "sanbiuyss) (SY) Buisuas ajoway 9
(31) poyrow

uon|oAs [euuay) dayg-gjuabhxo aund souely G
(unw-1) wu 0gg Je (yoressay souelpey) dysd v
‘Jusioweo9 uoydiosqe

8y} aulumelep O) painseaw S| papayal Wby
JO Junowe ay| "apow 3qISIA pueqpeo.q e Ul pajesado
(sweyshg uoisnyiq) (MO) souejosyar [eANAO ¢
"Wu GG Je pajesado

(yoreasay aouelpey) (di) ajeld Bugesbsju) Z
"wu ggg Yibuajenem Je pajelado Jsjowiossiwsue)
Buo) w $'9 e S| yaym (930) 180 uoounxe |eaRdo |

(8661 “Ie 1o suLen)
(8661 “[e 18 pioy)

‘Buiuing ssewoiq woly

ayows Aq pajeulwiop [0soJae auly Yoy adA| '€
‘|izeig Jo suoibal 1510} UOZeWy pue OpeLdd
Jano Buky (9661 ‘SQqOH) Yelode yosessal
VI€L-0 Jeauo) (mn) ucibulysem Jo Aysisaun
au} pJeoqe pajos|iod SISy JO UOKEUSWINASU
njIs U uoJ) paule)qo asem sajdwes :uoneso ‘g
'G661/02/6 — G661/L1/8 -pousd "1

awuadxy (g
-¥vJs8) lizeig-uoljeipey pue ‘spnojj ‘ajowg

sbuipuiq Jofey jo Aewwng

POUIBW [eonAfeuy pue Bujdues

adA ] juoneoo/pouad/ipng

(penunuod) g xipuaddy




"S9SE8IOUl HY 3y}

se uondiosqe jybi ybiy Ajsnoauoiie pamoys dySd pauipiuny syl ‘¢
*94,G6 Sayoeoidde

Ajpluny aAeal ay) se asessosp e ‘Aupiwny aAyel uo uondiosqe
Wby jo aouspusdsp yeam pamous ejep ajsnodeojoyd a3yl Z
"uondiosqe ay} sjewnsalano Jybiw dysd eyl Bulueaw ‘L9°|

0} 9509 $I uonedLoo ay} Jo adojs 8y} Inq ‘(96'0 = z1) SusWaINSEAW
dvSd Ap 8y uyim ||am psjejauod ejep opsnooeojoyd 8yl |

"pakojdwe sem uoieayIpIUNY Jo} 31040 1Y | S

"(£9G€ 18O [SL) Jelewojaydau payipiwny
Jaypluny e

§O Wealjsumop (WU ZEG) JusWInJIsul JSnoIeoioyd ‘¢
Jalpiny

B JO weajsumop (wu 0GG ‘soueipey) dvsd 2
"(wu ogg ‘soueipey) dvsd '}

(€002 “1e 18 nowly)

ST Jusiquee [einy :adk] ‘g

"BWIOYBNO UJSYLIOU Ul 3)IS Pagisa] Uoielpey
pue pnoiy Abisug jo juswpedaq :uoyesot 'z
"0002 |udy pue Yoy :poliad ‘|

dOI suteld Jealsy ussynog

"Wu GG Je Bj;w |2 Jo Aousioye uondiosqe

03 ue paonpoid uosuedwod siy] “(/8°0 = zl) O3 HOL JAOUWI 8u}
Uum uolejauoo Buons e pamoys Juaioiyeod uondiosqe dysd aul 'z
‘sIa) Zuenb Juol} 3y} UO 3SOY) JO %61 F 61 pabelsae DO pey

Jayy uoya pulyaq sisyy dnyoeq sy “siajjy Juol U} Uo SOy} JO %z}
¥ £ pebeieae DO pey Jayy Jaqy-zpenb puiyaq sy dnyoeq ay] °|

(Uw 1) stye00
uondiosge Buunsesw Joj 100z/L Ul pakojdap sem
wu oGS Je pajesado (yoseasay sdueipey) dvSd 2

"01 pue ‘93 ‘00 Joj |0o0j0.d
leondojlewsayy HOL IAOWAWI W £Aq pazAeue
alsm SIa)y Jaqu-zuenb ay| ‘pakoidwa sem ubisap
Joj wepue} v “s8dwes Jayy [ejuanbas e Aq (1Y
¥2) S8y Jaqy-zyenb uo pajas)|0o alam sajdwes |

(z00z "le 18 UBUD)

7N Jualque uequngng :adA] "¢

*JopuJod uojbuiysep-alownieg

8y} Jo Sjppiw 8y} Jeau ‘aseq Auuy apespy
HO4 1B pajeoo| st ays Buidwes ay] :uonexo ‘g
€00¢/L— 6661/L ‘pousd |

Apmg (onuepy-HOUVI) uonezusioeieyd
pue YaJessay |ososy puejluey

‘josoJee

Buuayess Aq uoleuiwejuod o} anp S asuodsal S) JO UOKOBY |lews
e Jey} Buisabbns ‘oJaz 0) Juam JaAaU elep Dg Jajewojeyiee ay] ‘g2
‘wu zes e 6w 6'6 - 1'810 09

Joy Aouapyye uondiosge ue up pajnsas uosuedwod ay| "paJsjunoIud
(W 1'Z>) siusiougeco uodiosqe JusIquie Moj 8y} Je (G0 — 120 =
21) 5%€q onsnooeojoyd o} pajejaLod Apjeam st Og JsjewoleUlee ay] |

"(Aunoy) (oynuatog sabep ‘g)-3v) Jejewoleyisy g
“(Aunoy) (wu zeg) Juawnnsul dysnooeoloyd ‘|

~ (c00zZ 1B 10 HOWY)

SN Walque [eny adA| ‘¢

"SEX3] INOS U) JaAY SPUBIS) Oy

ay} Jeau yed |euoieN puag big :uonesoq g
6661/L1/0V — 6661/L1/6 ‘polad "}

(oAvg) Apmis uonenasqQ
Aimqisin_pue jososay euoifisy puag Big

~sbuipuiy Joley Jo Arewwng

poYla [eanfleuy pue Buydweg

adA [/UOREIOT/POUB/APNIS

(ponunuod) g xipuaddy




"suoipucd buesado sjoiye ay) yum (%g9 - £2) AiBuoss pauea

SSEW UOISSIWS [BJO} Ul SSBW S|qeloBlIXd JUSAIOS JO UOOBl 3y ¢
'62°0 Jo adojs e areb uoissasbal

8yl 'GO'0 F L'0 Sem SSew Jjgeoenxa pue OO Jo oHel ayl ‘¢
"SSBW 3|qeR)IRAX3UN AU}

u (S ‘@4 ‘89 ‘1S ‘Iv) sluauodwiod Jsnp AQ pasned a1am sJaNno ay] 'z
‘papn|joxe alam

SJ3IINO 1Y) UBYM $0°Q F GO} JO adojs e aneb uoissaibal ay] “siayy
JIe 10J 900 F €0°L Sem SSew ajgejoesxaun o) 93 Jo onel abesare
ay] 93 o} Jwy Jaddn ue pawnsse aq UBD Ssewl a|gejoelixaun ayj |

(1861

“le j@ uosuyor) j0oojoid ¥OL 190 8y} Aq DL pue
‘03 ‘00 Joj pazkjeue alam sIa)|ll Jaqy-zyenb ay) g
‘louedoid-1 /auan|o)

Jo sampaw (mA) L) w sgdwes sy uogs] Jo
SUOIIBIIXS JB|UX0S JY (Z Aq pauILLIB}ap SBM UOISSIUS
ajgjnoiped ay) jo uopoeyy 9jgnjos-oluebio ayy )
“Jayy uoya] Buiybiom Aq paunwualep

sem ssew aenolped |ejo)] "si9)y Jaqy-sseib pue
Ja)|j auelquiBw UOYS] UO PajIa|od Alam Sajdwes

(¥861 “e 10 Jeder)

"d duy uoissiwe [9salq :8dA) ‘g

'saseyd Jie}s Joy pue ‘pazilige)s joy ‘pels

plod Buipnjoul ajoko Buiaup d14 ay) jo uomod
€ JaAo se [jom se ‘ydw g pue ydw gz ussmaq
SOSINJD JO SBLIAS B JBAQ) :Pa)se) ajoka Buiug 2
‘saubus jasalp pasn

way} Jo yjog 'pajsa) aiam Josbnad 1-€'Z 0861
B pue [edQ 7 €7 6.6} V :PaISa) BISA L

Apmjg Jajowoweuiq Aueduio) J0jol pio4

JajaLW oW Jo ‘alsnooeojoyd ‘Jejsioleyiae wolj
pajewysa D3 pue sjuswiainsesw ssew [ejo} JajswojeydauyoaL
usamjaq 9oulagip oy Aq pajewnse Ajqeuoseal aq Ued 00 v

“(KjoAnoadsal ‘vg'0 pue

26°0 = 24) D1 Ylm SUone|aLOD JaYaq aAeY Jelawojsydau pue WOIL €
‘Bjw g°g ~ Jo Aouaioyye uoidiosqe 93 ue pajewnse

2)SNOJBOJOUd "%0F ~ AQ DT HOL PajeWi}SaIaA0 Jajewoleyiee ay)
‘(Aleagoadsal ‘L0 PUB ‘260 ‘260 = 21) 93 MOL 8U} UM SuojejaL0d
1$9q 9y} pamoys Jajaw ayows pue ‘asnodeojoyd ‘Jsjwoeyidy ‘|

(s 1) (wu €£9) (NS 1) Jelan axows ‘g

(s 1) (wu zeghuswnysu| a1snooeoloyd ‘G

(s 1) (008-vv1Y uosiapuy) Jajewoleyiey p

(s 1) (0zS8 YesLisnq IS1) JejewojdydeN ‘¢

(abesane Apuodss) (G011 d9H) WO3L T

‘(obesone

uiw o1 - 1) 14a e 1090j0id HOL IAOUJWI Y} Buisn
pazAjeue Kjuanbasqns alem yoym sialy Jaqy-zuenb
UO pajenWINdde aJom SuoIsSIWS uolelbaju-awn] |

(100Z “|e 18 Jojinwsool)

SN uoissiwa [asal] :edA| ¢

"saseyd pejs

Joy pue ‘pazijige)s Joy ‘Wejs pjod Buipnioul 8joko
Buiaup 414 |eadA] :pajsal sjoko Buug z
(wX 10¥2€) S 0524 P04 6661 ‘(Y 60562)
005z wey abpoQq 9661 :Palse} SIIYSA |

Apmig Jajowowreuig (THIA)
Aojeloqe yoleasay SUOISSIWT  JJOIYIA

sbuipuiq Jofeyy jo Kiewiwng

pouja [eonhleuy pue Bujdwes

8dA1juonesa pouad/Apnig

(ponunuod) g xipuaddy




‘uoissaifial |[eJaA0 BY) UO BOUSNYUI WINWIUIW PUB SUOIBIJUSIUOD

93 Jo abiuel JWBUAP )S3JlBWS BY) PBY YOIYM ‘SE||le( Ul PSUIB}GO SEM
OljeJ }samo| 3y "|8'( 0} 29'0 woy pabues 93 pue Jg jo sonel ay| 2
"SI0 XIS || SSOIOR AUalSISUod

03 3y} uey} ssa| %Pz ~ 8Iam sanfea Og auy} ing ‘(sajdwes Jy-Z /81
v6°0 = z1) paleRL09 Alybiy asom (wu ogg) Jajeworeylee Aq painseaw
09 pue HO1 Ag panseaw 93 a3y} ‘pauIquiod SaWd XIS Jo4 |

"(Uiw-G) wu Gz¢ pue wu 0gg e pajesado (dyjusiog
aabep ‘AN0Z-Jy) JeldwWolByeR [SUUBYD |Bng '€
"(uiw-6) (ouuaiog sabey ‘ngy-Jv) Jelewoleyiey -2
'14q Je jooojoud

HOL IAOUdWI 3up Aq pazAjeue uay) pue (abesaae 1y
-pg) Sia)y Jaqu-zuenb uo pajos)ioo alam SOpPILEd |

(0002 "[e 1o yoiqeg)
ST Juaique uequn :adh | Z

6661/62/1-6661/8/1 ‘¥ ‘Pieysioxed
8661/1/6-8661/1/8 'Vd ‘Bludiopeiiud
8661/52/€-8661/01/Z VO ‘PieusIaxeq
8661/52/1~2664/0/2) ‘ZV “Xiusoyd
8661/02/1-L661/S/T) XL ‘Sellea
L664/S1/11-L661/01/0} “1I 0BBAYD
1661/0£/6-L661/01/6 'YW ‘uoisog

1661/02/6-L66L/G1/8 VO opisiony
:SUONEI0T pUB SPOUsd 'L

Apmyg uosuedwodssaju| [4d3/pieAteH

‘S9[oIYaA uoyubi-yeds

Jo asou) ueu) juepodwi alow apnjufew jo JapJo dUO JSE3| Je alam
SUOISSIWAa 3ja1ed [asalp ‘usAup wy Jad uoyounxa oI Jo swus) Uj ‘b
‘wu 006 Je bzw §') F 6701 obesone 0} paususiop sem

}i pue ‘03 jo Aouaidlys uoydiosqe SSew au} JO UOIBINDjed aY) pamojie
uoissiwe ajenaed Ul D3 Jo UOHOLY SSBW JO JusWRINSEaW ay] ‘¢
"sajolysa uoyiubi

-eds Jo} ¥Z F 9 Je pue sajoIyaA [9salp Joj bW (') F 0'9 Je pajewse
sem uoissiwe ajenoped jo Aousioye uondiosqe ssew ayl Z
USPONUL HU) SBM SUOISSIUIR SjoIuEd [asalp

aU) JO uoyIL) BIGBIRXS JO AIJSWOIYDI0)S aY) (f PUB ‘D] SEM SSBW
[e10} BU} JO %GG (€ ‘UOGeD Sem SSew [ej0} Ay} JO %G/ (¢ ‘leusjew
3[qe1OBAXS SEM [0SOJaR SJOISA 3Y) JO %z (1 JeU) pamoys sasAjeue
[eo1wBy) "DJ 2q O} PAWNSSE SEM UOQIED S|GEIORIXSUOU Byl '}

"SjuswaInsSeaw

uoloulxa [ejo} o} (Wu g'zeg) Jose| 8N-8H Y G
‘WU 66 Je pajelado Jejswojeydau Suieibaju;

"wu

006 1e uondiosqe Buunsesw Joj ajelq Buneibajy ¢
‘(1IN *JogqieH sibe3 ‘Auoresoqe [eanAleueo.olpy

Buedg) uonsnquod AQ pasulwie)ep SEm SId)L Yue|q
PUE ‘pajoB.IXauou ‘PajIBLIXa JO JUSJUOD UOGIED 3Y] T
"ouedoud

-1/ausnio} Jo sainpaw (A/A) J:) U saidwes Jayy jo
SUOIJORAX J|YX0S 1Y 9| AQ pauILLIB)ap SEM UOISSIUD
ajeinoed sy Jo uonoey sjgnjos-oiuebio syl |
‘paiojuow sem uopisodwod

apIysA ay) ‘(uesw siy G/ - p) sue)y Jequy-uoys]
pue Jaqu-ssejb uo psjos)joo aJem SsINed |auun)
punoqises ay) Jo [euod jsea ayj ui dn jas alam (oo
azis wrl G'G ‘089 |19PON ©0OsI) ssajdwes (oA

(cg6| “reder pue jepeyzs)

‘uoIssiwa ayjen kemybiy :adh) ¢
JSoM

ay) o} wy 1z 19siswoeg Buleq Jayuad uonendod
1S9SO[2 BUY} YIM BIUBAASUUDH WS)SBMUINOS
Ul pajedo] sl jauun) ay| -ayiduin] elueAlAsuus4
3y} uo jsuun] ureyunop Ausybayy uonesoq g

"I861/81/L— 186L/Y1/L ‘posd "L

Apmg [auun] urejunoy Auaybajy

sbuipui4 Jolep jo Arewwng

POYIa\ [eonAleuy pue buiidwes

adf | /uogeoo/pouad/Apnis

(panunuoo) g xrpuaddy




'03 Jusiquie pabe sem

UBY) JOOS YS3J} 0) BAISUSS 2JOW YONW 8q O} punoj sem Syd aul v
“ewyBr G > Jo UOIRJ)UBOUOD SSW B J08)ap 0} 3|qIssod Jou Sem

1Ing 03y pue JIN UM [9M PIJejoLod poylaw ayows ¥oejq ayL ‘¢
*03 Jo Aoualoye uondiosqe ssew Jo

uoneuea e Bumoys ‘asuapuadap ays Buolis pamoys adojs uoijeo.LI0d
ayL “sw/Brl o} < o} gw/brl Z > woy Bukiea 33y yim (/60 - 180
= J) sa)is [|e e D3y 0} UOIE[aL0D poob B pamoys Og JajsWoRyleY 2
"%GEL—GE SEM UOIJOBIIXD JUSAIOS

ywm Auo S0 Bunowss Ag uonewmnsaisno-)3 a8yl "%8/-89 SeM
01 Jo uonoe) 33N 8YL "sels ueqin e %eg 0} %8| Wol pue sajis
[eJnJ J8 %0 0} %6 WoJ D1 Jo uoioel 3y PapiRik poysw ay| '}

(6861 Buuqim

pue JAUSSAIN ‘SYd) JOSUaS [0S0JOB dUIIBIR0I0Yd ¢
(2661 “[e 10 SII0ISUYD) poyjew SXoLS Yoelg ¢

‘wu 0gg

Je pajesado (oynuaiog aabe ‘6-3v) Jejewoleyiay Z
"(uonoeXa JUBA0S pue uondiosap [ewiay)

93y) uogied |ejuawele jualedde pue ‘(uondiosap
eussy) Ajuo OAN) Uoqied  9|gezijiejon-uou
‘(uogoenxa JUBAIOS AUO :DJN) UOQJed JigeloRXS
-UoU paUILLIBISP PoyIaW SIYL 9,006 Je asaydsowne
IN ul paseb alem syusuodwod ouebio apejop
1000j0Jd  UOREPIXO [BULIBYKUONORIXS JUBAIOS (A
UBLLAS) 8y} AQ pauluLaap aism JL pue ‘03 ‘00 I

(G661 ‘JoussaIN pue pjozidd)

‘0N [eINd pue ueqdn adA] ‘2

‘Sa)Is

[BINI OM} JB POJONPUCD 81aM S3IPN)S UWLIS)-HOYS
[euoippy “AjoAjoadsas ‘ulag pue youny ul
s|aA9| uonnjjod jJualayip JO Sa)Is OM} Je pajedo)
alam salpnis pjaly uus)-buo] suoneso] L

1 Apn)S uosuedwodiaju] uew3c)

"SUOI0aLI00 AUB JNOLYIM UOHEIJUSOUOD

19 [eal ay) sajewnsalspun WOV Jey) puno} sem ) 'Jajjeq yonuw
awedsq 93 WAOV pue 08 S| ussmiaq spuswaaibe ay) ‘g woy wrl
¥1°0 mojeq sajoiped Buipnjox3 ‘sjuswwaInseal ay) Wi ¢ 0} G'Q Wolj
pabue. Jajawelp ul wr p|°Q Uey) ssa| sajoed Jo uoljorl SSew D ‘7
"Juswaaibe Jood Aiaa

SMOUS S Wol OF pue WdJV Wol 93 Jo uosuedwoo joallp 8yl °}

*S| JO 9AIND UOHBIqI[Ed 3Y) Buisn Jusjuod Hg Jo SWIa}
Ul pauluLBlep dIeMm Suojsuadsns Ay} Jo SSauyoRlq
ay} pue ‘sajored pajos)jod ay) jo suoisuadsns pinby
aonpo.d 0} ‘BUOJBOR UBY) ‘WLIOJOIOIYO Ul PAAOSSIP
olom S19Yy pasodxe a8yl uoypedun uOSISpUY
BNI}D9[9S-9ZIS B JO Weallsumop (1y €) Jayjy alodajppny
uo pajos|joo asam sajoiued ouaydsouny (9661 “|e
1o 1abiequazyH ‘S|) anbiuydsy aseyds Bugeibay) z

(abesane Jy-|) (wrl §°Z - ¥1°0) WOV 007G dBY '}

(000z ‘19610quazyiH pue ouyo] )

SZNd Jusique ueqin :dA) 2

‘uedep ‘0)0Ay

‘sndwes 1ln ‘Ausioaun 0joAy :uoneso] |

(ueder) uosuedwoasaju] 0J0Ay

sbuipur Jofey jo Alewwng

POYIS [eonfjeuy pue buydweg

adk} juoyesoy/pouad/Apnig

(ponunuod) g xipuaddy




"gjqesedwod
faan asam £ayl (1000 > onea-d yum 660 = J) Siuswainsesw
om} ay) usamjaq diysuonejal Jeauy B sem alay] eiydiepeliyd ui
pajonpucd alom SjUBWRINSEaUI JOJBWORYJe. pue HOYD Pajesolion 2

oyBrl 46— 90 sem 3 jo abuer syL (0¥ 20)- 03 (10
¥ G6'0) = 09 s! uoljenba uoissasbal 8y *(5Z6°0 = ¢1) paje|aLoo Aybiy
8q 0} puno} alam spoyjew om} ay) saidwes HO/o3 £9 sy buyoyew
sanfea Jy-¢ ojul pafiesone alem ejep Og JOJOWORYIOR UIW-U3] |

"Wy 00
Je pajesado (000G OVY ‘HOD) 92eH 4o Jusioyso) ¢
"(ulw 01) wu 0gg Je pajeledo

(oul oyjusiog asfew ‘6-Jy) JejewoleyRy 2
"4 Ye spoyjaw

HOL IA0UdWI Aq pazAieue alam siolly Jaqy-ZenD
(WD ‘elA0JUOW) DUl ‘JUBWIUONACIY PUB Y43
Aq padojanap wajsAs yoed Jayu/iepnuap slejd jajesed
e Buisn (1y €) payog)joo alem 93/70 0 sojdwes |

(8661 "l 18 US(IY)

‘ST JuBlque eIy :adh) g

“JonyY

OO By} Jo Jses Wy 06 Pue ‘vd ‘ubingspid
Jo Jsamyinos-yinos wy 09 ‘Aunon apefeq
Ul pajeso| St ‘Yd ‘UMOJUOIUf} "Bale [enuapisal
B Ul UMOJUOIUN JO JBJuad By} JO ypou wy
Z Iooyos e Je si ays buydwes ay] :uonesoq ‘'z
'SY99M || ‘0661 Jowwng :polad ‘L

Apmg 30043 Yyesy
uonnjiod Jiy ElueAjASUUdy UIB)SBMYINOS

‘uogue ajejnayed o} UONQUIUC SfIGOW JO SJRLINSS UB MOJIB PINOYS
13 0} |eubis Syd JO OBl 9y} ‘JUSWAINSEAW HJ UB UIM UOHBUIQUIOD
u ng “Buuoyuow Joos Joj anbjuyoa} auofe-puBlsS NJasn ou 8q 0}
punoj sem Syd au) ‘aduaH ‘1osoJae Jo abe ay) UO UOKRAUBOUDD J0OS
uanib e 0} asuodsal s) Uy ssouspuadap x3jdwoo pamoys Syd dUl v

ww/Br g > D3N Joj 9|qissod Jou S| uoleuIuLIa)ap

D3N 8iqelay “pauluwslep si O3 0} joedsas ym gw/brl Z o Juuy
UONoSlep B ‘I9jeWolsyal Uo Paseq poyjduw peys ayows ayj Jo4 ¢
"UOGUD J|qRIIRIXD

-uou 0} Joadsas ypm (bW 2'¢L 7 aiS bW ¢ 1) BNS) salbusoye
uoidiosqe ssew juspuadap-ajis plelk D3N pue Dg JelswoRyisy ‘7
"%8. pue %G/ usamisq D] Jo uonoey HIN

PUB %05 PUB %0f Ussmjaq O Jo uoljoel 3y papjaik poyjew ayj °|

DI AN Y pajelpeL uaym sajorued wolj UoIssilia
uojoaieojoyd jo asn sayew eyl (686l ‘Buugum
PuB JAUSS3IN ‘SYd) JOSUas |0SOJaB D98I0 ‘¢

(2661 (€ 19 SI0ISUYD) PoLiow peys ayows ¢
"wu0gg

Je pajesado (oynusiog aabey ‘6-3v) Jajowoeyiey Z
*(uonoeaxa Jusnjos pue uondiosap [eutiay)

:03y) uoqied Ryuawse Juasedde pue ‘(uondiosap
[puudy}l Auo DAN) uogled  J|gezijijejoa-uou
‘(uoyorixe JuaAjOS AjUO :DIN) uOQIed SjgBIRIXS
-Uou pauiwialep poylew Syl "D.006 Je alaydsowie
IN ul peysef asom sjusuodwoo oluebio sjiejoA
1020j0Jd  UOHEPIXO |RULIBYYUORORIXS JUSAIOS |QA
UBULBS) BY} AQ paulsjep asam Q1 pue ‘03 ‘00 '}
(1Y $2) Arep wre / Je paypejs buidwes

‘Apnis siy} ur pesn sem ubisap Jayy wopue) Y

(G661 ‘JoUSSBIN PUE pl0ZIad)

"0l d JuBIque ueaungns pue ueqin :edA] "¢
‘SAYIS [RIN) OM}

Je Pajonpuoo aiam S3IPN)S ULS)-LOYS [BUOLIPPY
‘Rep Jad $991yoA 000'00) < JO BWNJOA SRl B
yym Buissoln Jaains pajoedwil-oiyel) B Je Sem g
SIS "sjueid [BUJSNPUI INOYYM JOLISIP [eJuSPISal
B Ul sem | oS ‘(e66L/7 - Z66L/LL T IS
'Z661/01 - Z66L/7 1} SNS) YoNW Ul pajedo)
aJom saIpnjs pjel) wus)-buo) om] :uoneso ‘g
'£661/¥ — 2661/p ‘pouad 'L

1| Apn}S uosuedwossiu] uewlag)

sBuipui Jofep jo Aewwng

poujai [eonAjeuy pue buiidwes

adf | juojeao/pouag/Apnis

(ponunuods) g xipuaddy




‘uosoduiod josoJae Jo seouanyu ay) Bunybiybiy ‘sbuipeoy Jayy

MO| 3} Jo 8B B} Ul 9,06 0} dn Aq pasayip ing sBuipeol saliy ybiy Joj
poaibe sajis om) ay) e Y JOJIB) UONIBLIOD AU} JO SNjeA SJNjOSqe dY] “f
"03 ¥OL 3 jo Ajigeuen 8y} Jo %1 g Inoge paulejdxa sjuswainseaw
WdIn oW woy psAusp Elep Og 3yl '03 ay 0} pasedwod
pue ejep Wdi1 oy} 0} paidde Aeanoadsonal sem uoyIaLIod 8y] €
(s)y uona1100 MaU ay)

papialf s UONEUSOUCD |BAJE JO LOROUN, B SB Y JO i jelwouAjod v 2
‘Aoualoiye uoydiosqe ssew Hg pue ‘93 JO UOHRIUBIUND ‘seq
uoijdiosge Jo SanjeA MEJ UMOUY aY} Wolj paulullep Ajeouidwa sem
29 0} NdI AqQ painseau seq Buipaauod Joj Y JOJIe) UORIBLO0D v °|

‘ydiang jo Ayisueaun

o 1e 09 1o} (NdI) poyew ajed pajesbajul
J9se| mc_m: D&mecm usy} pue y [OpO| [euolippe
ayj Ul siajjlj Jeq-uojja | U0 pajds)|0d alam S8|died ¢
4@ 18 j0o0j02d HOL IAONIWI 3Y) Aq pazAteue

uay) pue O ainpoy Jaidwes JAQUAWI Y u iy
¥2) i)y Jaqu-zenb uo Pa)dsjjod alem SajdIe |
'V 19pow Jsjdwies JAQHJWI [euonppe

ue pue ‘Q ‘g ‘v 8npoy siaidwes JAOULWI
[eodAy e AQ pejoajiod are sopiued jusique a8yl

(€002 "[e 1o AipaleN)
‘SN Walquie [eany :adh] ‘¢

"BpEUB) YoImsunig

MBN ‘sMalpuy ‘IS Je J8jua) souslog Sulle
UBWSIUNH Y} Jeau pue ‘epeue) ‘Biquinjo)
ysnug uweynos u Wodily piojsioqqy je
pajesoy aiam sajis Buuojuow ay| :suopeso Z
'G661/9 — ¥661/y ‘pousd '|

{(VELEN)]
Asjlep Jasei4 Jamo By} Ul JuswISSISSy

[ejuawpadx3 Amnaqisia feuoibay

"pajdwies ssew

Je 19d JOo uoyoey ay) pue uonpnjosal [esodws) Jayy Jsjewoeyiey
3y Jo uoneuiquod e (z pue ‘uolisodwod 9193 8y (| 0} painquye
sem (syoam 0} sAep) Amiqeuea wisy Jopoys “uonels Buidwes sy
1e punoj sem Aouspiys uoydiosge ul 9joAd [euoseas eayubis oN ‘¢
Bl2w 0 F £°6 Jo Aouspoyye

uoijdiosqe 93 abesaae ue Buniqiyxe (160 = z1) ybiy si Jeyswoieyley
woJy OF Ppue poyldw jeuusyy woy 93 ay} JO UOHEBU0d 8yl ‘Z
"% 9q 0} punoj sem BuLieyd

0} anp 93 JO UoNBULIO JoBjiE pue abeJoAe UO %8 Sem DO Se ple
awny Jo Aenooal ay] "a|qibibau sem Builieyd ajym %001 ~ Sem D0
se yolels pue asoon|f spunodwoo oiuebio japow Jo Alsaodal ay) |

“19yem aind uj papuadsns

Areswos-enyn (essnbeg) 10, oos awey Busn
Aq painboe aiam spiepuels 93 ‘sis)y Jaqy-zuenb
OJUO SpJEpUB)S 3SaY) JO BWN|oA umouy e Gumadid Aq
pue ‘sejem aind ui proe Jjwny pue ‘esoonib ‘sjelpAy
-Z S)eJ0 WNIPoS-L} ‘YaIe)s JO uopn|ossip AQ paure)qo
alam D0 JO SpIEPUB)S "HOpUSQN( Je S)is ueqngns e
WO pue Jiyel) AABaY UM aualg Ul Uoijedo] apispeol
B WOy painboe ajam sajdwes o UoleIQIR) €
‘(ebeJane 1y 0gg — 61) Wu gy 18 pejesado

(oul oypuarg asbe ‘0L-Jy) JelowoleuRy ‘g
‘Buneay ysey yym sjoo0j0id

leuuay) (J,069 Pue 0ye) dajg-z/uabhxo and
puepazimg ay) Aq pazAjeue alem sajdwes Ja)iq ‘|

(6661 “[e 1@ Ayoueaeq)

"Wd auy asaydsodon sa14 :adh] ¢

"(1ons) a0epns

3A0Ge W $GpE) PUBHSZIMS Ul UOHE)S YoIeasal
audie-yby yoolneybune ayj :uoneso] ‘g
"L661/9 — G661/L ‘pousd |

yoofnesybung

uone)s  yosessay asaydsodos) sauy

sbuipui4 Jolepy jo Klewwng

poyja (eaAleuy pue buriduweg

8dA | juofjeso/pouad/Apnis

(ponunuod) ‘g xipuaddy




or-d

(126 Jo Jojoey e 0} dn) apnyubew

JO SIGpPIO Z JBAO paleA ajdwes [enpiaipul Joj painsesw Qg ‘b
“YOBJE [EDIWBYD

Jo Ausuajul Buiseasoul yym paseasoap Ajessuab uogesusouod 9g ¢
*Jobue| os|e alom sajdwes

usemlaq saouasalg ‘(flos 6409 6 0601 - Z'/€) suojesusoued
ng Jaybly ul paynsal UBYO poYlBW UOIBPIXO [EJIWAYD aInd ‘2
0 -

8 J0 SJ0JoB} AQ JamO| B1am DY JO Sanjea painseaul ‘yuswiealaid e se
SISAJOJPALUONORIIXS UM PBUIGUIOD SEM JI UBYAA "SPOYISW Jayio ay)
0) paseduioo sajdwes uaamiaq "6y/9g b 1°85 — 8'L ) S8oUBIBYIP |lewS
Auo Buniqiyxa suonejUIIUCd HF Uy Pa)Nsal UOKEPIXO jeuldy] '}

"SIg)Jew Se spioe oljAxoqIeIauazusq

Buisn @14/09 Aq pauiuLalap s 93 "0 arowa 0} sIy
840} D601 18 (%S9) CONH UHM UOHEPIXO [EOIWBYY €
‘00 9A0WSJ O} UOHEPIXO |euLiay)

210J3q (4H OU JO JH YliM) UOHIBIXS PIJ. [BUOKIPPY T
EAETET)

ssew Buisn sishjeue [eyuswala-N ‘0 AqQ paujwialap
S| 03 pue ‘SIN0Y 2 Jo} O,GLE Je UOEPIXO feuniay) Aq
PaAOWaS S| DO YOIYM Ul POYjBU UOHEPIXO [eulay] °|
‘poyyall SNOLIBA

Buisn ng 1o} pazAjeue alam sajdwes Jios paals 8y

(100Z “[e 12 IPIYIS)

(ww g < sepoiped
asie0d) sojdwes jos [eJu pandlg odh] 2

'S|0SIXO
pUB ‘S|OSYY ‘SIOSIIOJN ‘SIOSIMBA JO SUOZUOY
aoeuns oy} woy psajeuibuo pajebisanul
sjos uelejsny jyble a8yl uogeco] )

JUSWIAINSEI JUdU0Y) 94 |10

03
se Buiqiosqe by Aibuons se aq o) paseadde pue e 0} pajejaLIcO-||aM
SEM UOIym ‘alaydsowle aH aind e Ut 9,065 pue oGy usamiaq Buiajons
uoque ay) (z pue ‘ajqeuoysanb aq o) paseadde yoiym ‘Bunoyuow
aouejoayal [eodo uo paseq ‘uondauod sisAjolAd ayl (| :papnjoul
sisAleue yOL Jo uonejaidiajul Juaund ay) ul sioud jejuajod ay) ‘Z

‘fousiowys uondiosqe ay)
Jo anjea Jaybiy ‘leas e Joerl Jo uoHEWNSaIBA0 UB URY) Jayje) UOGJeD
buiqiosqe-jyby jo uonenjeaalapun ue o} anp s Aouedasosip ay) jey)
1s966ns KjBuons suonorl) UOGED ¥ 1 PUB EO UBBMIS] SUOIE[BLI0)D

"SINB( ‘BILIONRD JO AlSIaAalun 8y} Je & uoydiosqe
10} WNdIl pezAleue alam Sig)y Jequ-uoys) Z

(9661 ‘vewynH)

ST Jualque feny adk] "¢

(-01@ ‘N “Jusnuopy

[eUOlBN Joljepueg ‘¥ ‘JUSWINUOW [eUuOleN
S3[OBUUI4) SA)S jRINU [BJAASS :SUONB20T °Z
‘€661 — 8861 ‘poued '}

‘Bj;w g1 jo enfea pajdesoe ay) aam si Jey) Aouayge uoydiosqe ‘14 18 j0o0joid YOL FAOHINI uosuedwo?d
ue sajealpul Ajusisisuoo YO Aq painseaw O3 0} =0 Jo oed dY] 'L | ay) Buisn pazAjeue asem susly Jeqy-zpeny | | uopdiosqy/o3 YIOMION JAOUdNI
sBulpul4 Jole jo Kiewiwng poyla jeonAjeuy pue buydwes adA] juoyjedoy/pouad/Apnig

(ponunuod) g xipuaddy




"BJEP 9U) JO J9SHO B|QRIBPISUCD B SEM 818U} Jnq ‘Bulj || pajoadxa ay)
0} as0j0 AaA ‘66°0 JO S)nsal JeandoyjeLuisy) "sA Jajaluoleylae Jo adojs
e papiaik Bw g9 Jo Jojoe} uoyelqied e ‘saidwes jusique Io4 b

"adols 12} 8y} Jo %G uim pasibe gj pue

poylew [eondojjewiay) Aq pauluusisp 9g ‘ssidwes jusique 104 ¢
‘yby 00} aq Wbiw Jayawoleyae 1o} (6w g1) 10108} JusWINISUI

3yl ‘%z Auo Ag Dg PpsjewnsalsA0 S| 8y ‘poylew  jewsy)
ay} 0) paledwiod UBYMA °S] WO} 3SOY) JO %0¢ AJUO SIam Ja)awWoeylee
AQ paulalep SUOHBJUICUOD SSew D OUY} ‘SPJepuBls 04 °Z
(W 1000 = JdaoJa)U 8660 = 9dOIS 'Eh60 = J) ljom

pasibe alayds buyeibayu pue Jajpwojeyise ybnoiy) painsesw &o |

"wu
088 ¥& pajesado (oynusiog aabey) Jejeworeyiay v
(9661 “[e 10 JabuaquazyiH) (i) auayds Bunesbay) ¢
‘loo0jod 0405 HSOIN

ay Aq ssidwes juaique ‘josojoid dajs-z/uabixo
aind aouel4 ay) Aq pazAjeue aJam SpIEpUBlS 7F ‘2
‘sigidwes snowojoydip pue JaNOW Ag paiinboe
saidwes jusiquy “Jayy alod Aejideds sjeuoqieakiod
pue Jaqy-zuenb Aq pajdwes pue jouedosdos! apeib
JllA|eue %0z pue Jajem aindel)n %0g JO aInXiW B U}
("d109 10089 ‘pz) X8Y|3) Yoelg UCQJRI Jo uocisuadsns
e Buizingau Aq pajessuab sem jososee isa} Ayl |

(9661 6661 “[e 10 JabiaquazyH)

"suoibal 80Inos wolj Aeme Jej SN usique
jeln) pue spiepue)s g jewyny adkl Z

() ‘ajiapuog)
a)s jeiu e woy saidwes jusique pue
sa|dwies ¥oe|q uogJes papuadsnsay :9jdwes |

juswiainseay

uogiey  yoelg  jo  uosiuedwodssjuy

"0L1 Ul %/} ~ jo uonoely ssew D3 ue pajodal YO L IAOUWI Y
JIYM DL Ul %0} > JO uopdeyy ssew O3 ue papodal QWL 1Y3 aUL ¢
-abeJane uo

%09 AQ pajewisaiapun aq 0} SUORBIUIIU0D HO MIIAPES pasned
sa)is |e Jano pabelsae 9O o)y dnyoeq sy} Bunoengng -buipeoy
13}y Juoy aYy Jo %0Z F 0G Sem Jayy Jaqy-zuenb dnyoeq uo 0 g
‘(zz = u) pajejpuooun

‘020j01d ¥OL IAOUNI
ayl Aq pazAleue uay} pue Jajdwes aNpoW-ING}
IAOUdWI Piepuels B Aq pajos|iod aiam sajotlied 2

(03 10} 9, 08 Pue D0
10} 9,626) 15ABIRD ZQUIN UB JBAO BH Ul pajesy alam

sgdwes yoiym ul ‘poydu OWL 143 Aq pazdjeue
usy} pue sajelisqns |10} wnuiwnie Buisn gog|L 0} 0020

(2661 “le1@ udiny )

ST Juslque Yasaq :edh) ‘¢

‘Juerd Jamod a1y-|eod JAVHOW 3Yi Jo Jseaypou
wy 0z} pue sebop se jo jsed wy 6 “yed
[euoneN uoAues) puels) Jo abipa wajsam ay) uo
[9AS] BBS SAOQR W GOE PAIED0| ‘ZV ‘MaIApRalN
e sem ays buydwes sy ‘uogesoq g
'2661/0£/8 — 2664/G1/L -pousd '}

3I3M EJep U} pue "SjiLu| 80USPYUOD %G6 UM ‘SanjeA Jajy AOUdWI | woly ejosauully Jo Alisionun 8y} Ag SIANOW Wi (3AVHOW)
uey) Jajealb ogg aiam suonenuasuod 91 |GNOW 9beseay | | painseaw sem Jspew ajenonied psajosel-azIS | | S}98lg |ensiA pPue dzeH JO JuswAINSea|y
sbulpuid Jofe jo Kiewwng poujai [ednkjeuy pue Buydwes ‘adf | /uoedoy/pouad/Apmg

(ponunuod) g xipuaddy




"abelane uo %y | sem uondiosqe 4i ul abueys ey

‘sajorped uogied ay} Jo uoldiosge ay) Jo %0G 0} Bulunowe Jusiolysod
Buueneos e pey ey sspied Jebns Bumisodaq uoissiwsuey
S|l pasealosp sAemie I ojuo sejoiued jussedsues jo uonisodap
[euonippe ue ‘ssjoied uoqJed pey Apeale Yowm Jsiy B uQ ‘€
‘Buuaneosyoeq

Jobuons e o) snp s sy ‘soiued xae] Ag paoejdas sem
ajoided Jebns au) i ueayubis awedsaq abueyd sy) INq ‘UCISSILSUEY)
di ur sabueyo papwy paonpoid ysodep sjoiped juasedsuel] Z
'Z'0 > UOISSIWSUBY)

Jo} pauriqo asam syiewsalby -aqifybeu s1 Buuepeas Bulwnsse
‘Sjuswianseaw oujewossiwsue) ayl uey) Jaybly ozz abesare ay)
UO SBM d| Yim painseauw Juaoysod uondiosqe yby ayy ‘(soueeadde
esb-wnipsw 0} -uby sey JeNy BY) GE'Q PUB ) USaMISq
Sem Jajjy 310dajonN JO UOISSIISUBI) USYM ‘J0sOIae UogJed aind Jod °|

18)|1} a10dajonp uo ysodap ajoiued

jo uondiosqe Buunsesw Joj (d]) ajeld bunesbay; ¢
‘Ajjeredas sjosolae

Jefins pue uoqeo amd Aq uonduixs ainsesw
0] pasn aiem sigjwossiwsuesn yed-buoy
‘Jojoedwi apeases e Aq ps1os)joo ale

S9[oIUe "13ZIWOle INdINO JUB)JSUCD B U uonnjos Jebing
e buikesds Aq paonpoud sajonued jo Bunsisuoo josolae
Ue yim paxiw St [0SOIee Siy] "asaydsowe ysul ue
ur sapoujdsie uoqies usamjeq abieyosip yieds e Aq
paonposd sem uogJea aind jo Bunsisuoo j0solae uy °|

(€661 ‘YieMOH)

(wrl o0 > 4q) sjososee

Ul aINIXiW pue ‘Slym HOB(q [eyiy :8dh] 2
“Apnys

SIu} ul pssn asam sapied jes juasedsuel)
pue sapmued uogies aingd :gdwes y

SpOySW dujdwiossiusuel |
pue uopdiosqy 914 jo uosuedwo?)

"OM) JO JOJOB} B JNOGE UIYNIM D3 3jBwnsa 0} pasn aq jybiw

SS4 1ey; pajsabbins elep syl '3 ey yum uosuedwos e 1o} SSg
woy pajenoes 9g ay) o) paidde sem ¢ Jo JojoB) UOROBLIOD Y ‘¥
‘Apnys

siy)} ul Bzw z) - 2 woyy sebuer 93 jo Aousaye uondiosqe ay] ‘¢
sjo9y0 Buuaneas aidninw o) anp Ajaxy ‘elodajonp ay) uey)

SS9 Jo Jajealb Jayye aq Aew aouBIBYaI 3y} afiym ‘1eyy alodsianN &
Jo} el ssaf sAemie Si Jay|y Jaqy e uo sjdwes e Jo uoIsSIWSUBL) 8Y] Z
"80BHNS 8Y) UO paulelal aiam ssjdided

ay) 1 pjnom Aay) uey) Buipeo) jososae uaalb B Joj b s8] Nwsuey
pue aARosYel slow 8q 0} way) buisnes ‘siayy ayy ol ssjoned
jo uonesauad o) anp Aigeqoud s1 sy -Buidwes jo AjoofeA aoej pue
wnipaw Jayy yim pauea adojs ayj Ing ‘JaYI0 YoBa 0} pajeauoo j[am
alom 8oUBIIWISUR) Wd| PUB JSJSWOoloa)eYy AQ pauluLla)ep eo ay] °|

'3 10} |030}01d jeOndo)eway)

90 Aq pezAleue alem SIB)Y Jaqu-ZUEND v
WU 056 Je pajesado (WdI) poyisw ayeid Bugeibeju) ¢
Juswainseaw (SSg) apeys ayows

yshug o) (¥961 ‘GOI0) Jejwompsysy 13T Z
"SIy aueiquiaw ajeuoquedkjod alodajonn pue

‘19)|l} Jaqy-zpenb ‘Il Uo pajos)|0o BleM SSdIUed |

(€861 “[e 18 spiemp3)

(w9} > 90) suoissiwa

J|jel) pue |osoiae auy Juaique ueqln :adk] 2
"JSneyxa ajdIyeA

jo uonesuaoucd ybiy e papinoid (66 'S'N)
[suun} Aemybiy e ajym Bumas ueqn [eoidhy
e papwoud sndweo uojbulyseps Jo Ausisaun
ay} :sjosoiae ajdwes o) Sa)is OM] UOIBd0T °L

uoneJjuUdIU0Y Uogie) [ejuswd|g YIm
(ssg) apeys ayowsg yspug jo uosuedwod

sbuipur4 Jolep J0 Arewwng

poyiap [eapkteuy pue buydues

adA | Juoyeooy/pousd/Apnis

(ponunuod) g xipuaddy




*(91e9s yo) spep 00} si ajduies ayy aouls Hg Joexa Jodal

Jouues asayds psjesBejul payipow pue Ansusossiwsues; |eando 9
Jayaq ale (Ysey) dais-om} ‘uoljorlxe)

Buwieys sonpal Jey) spoyiaul pue | O1/HOL usamaq suswaalby ‘g
-gpnjubeul Jo Japio auo uey) aiouw Jaao buibuel sjgewea Alybiy

alam sajdwes uoioauod Buuleys ou/pajoenxa-aid Jou oMy ul 93 ¥
"spoyjaw [eando-fewJay) yim ajduies papeo lsaybiy ay)

Joj punoj sem QS ybiy aaiejas e ‘;ensmoH uooalod buiieyd ay
0} anp Ayl ‘poyiow [eunayy Auo Buisn sauoleloqe| uey) Senjea 03
Jamoj ‘abesane uo ‘pauielqo (1OLHOL) spoyjew [eagdo-feulayl ¢
s9jdwes peoj ybiy au} 1o} %9p pue peo| Jamol auYj 1o} %.L¢ S ASY
Alojeiogel-1ajul U} pue %G~ S! ASY Alojeioge] ulyim ay) ‘93 Jod4 7
(lasul

UOIjBIASp DJEpUE)S BAJEJ) AIOJRJOQEI-Ja)Ul %6 PUB )) Seuojeloge|
e Aq QL Jo sisAjeue ay) Joj ul umoys Si juswsalbe poob v |

"9pow uoissiwsuey) ‘asayds pajelbajul paiipon ‘6
‘KjBuIossiuIsue.)

feondo :0g ‘Oby IO JezAleuy [eluswe|y g
‘0006 Q0L hzpewys “L

HOL 3A0YdNI 9
‘(sweiboid ainjessdwa) snouea) spoyiaw |01 'S

20 aind

ur (UIWf),0Z) poyaur ainjesaduia) Jesul jeuay| ‘¢
‘Bunjesy ysey dejs-om) Y3-SYND 8oueld ¢
‘(leuusyl) g Hed G9vZ IQA ueulss) 7

"(Anowolnoa

‘uoloRAX® JusAjos) | Med G9pZ QA ueuusn |
:$1020j0.d [BULIBY) SNOWBA

fq pezfjeue pue jaju ONg & ymm (0gvHQ eNbig)
Jajdwes awnjoa-ybly B AQ pe1os|j0o0 alam safoled

(1002 "B 10 pluyog)

VN Jusiquie oyelyueqin :adA| g

%G ~ {0

syonJj jo uoiodosd e um Aep Jad siea g0o'eg
Aerewnxoidde s awnjoA oyely ay| ‘uigag Jjo
A0 ayy ui 19018 88l Japnpjueld UOYRIOT 2
"SIy pz St awiy abeiaae bujdwes

o 'ge6L/0L'8' /L) :pousd Bujdwes L
1S91 UIGOY-punoy uogsen

]0S0I3Y [eUOnEWIB)U] 3IUIBJUOY uoqie)

"oles 91/03 Jaybiy e
saonpoud Ajjesauab uonsnquiod [any 1sso4 ‘Jusasad €'} 0} %8'Z Wol}
sabues 93 Jo uonoeyy ssewolq ay| ‘Buiing SSBWIOIq WOJ) paAUSp
S| uogies alenaed WHS aul Jo %g8e Inoge ‘Apnis adojost wio4 9

‘101

Aq uanib jeyy uey Jaybly Apueayiubis sem HOL Aq oner 91/03 G
"uoleIN}ES 0} aNp ajqeljaiun

ale ;wafbrig| < 93 jo s|dwes Joj Juswiainseaw aouBRIWSUR] 8Y] ¢
‘so|dwies

jfews Asa jo Buissesoid |eolwsyo Auedwoooe Aew ssoO| 3joied ‘€
‘suoibay Jaddn au) 0} pajowIsal le SPOYJaW UONBPIXO [EJIUSYD

aind woy S)nsa) seasoym ‘sanjea 91/03 Jo abues |} ay) Jaaod
s)insaJ poylew [euusy] (%S - %.) apnyubew jo Japio auo jnoge
£q paueA spoyjeul jeanfeue ||e woly paynsal solel D1/03 dyl ‘Z
"(uonoeyy SSBW 9| Ul UOKBLIBA %, | >) SSLIOJRIOGE]

e AQ 91 jo sishleue 8y} ul umoys sem Juswasibe poob vy

03

pue QL Joj uoneoads (¢, ‘».0) UoqIed adojos] |}
“(Buneay ou) spoyiaLu UOHEPIXO [BAILBYD 3INd 0
‘sjuswyessna.d

PIoB SNOUBA UJM POYleW UONBPIXO [Buudy| 6
"poyjaw JdaoiajuyuoiiepIxo Jauly [euuay) ‘g
‘buidwel ainjesadwsa) Jesul yum 101 2

HOL IAQUdNI 9

00 pue D3 wioq

10} 0,006 Jo sanjeiadwse) do} Yim 10L HSOIN 'S
‘Buidwel snonunuos/uabAxo aind g7 v

‘de)g-z eouelq g

“03 aNpISaJ SUIULIB}RP 0} HO/UOISNGUIOIYSEY
psmojloj poyjsli  uojepiXo  [euldyl D,G.E 2
“Jajawioeyiay ||

:SpOyjaw SnoLeA

Aq pazAjeue pue syoed Jayy oy bBuisn siayy Jaqy
-zyenb Aq pajdwes pue papuadsnsal aJam WHS ayL

(200Z “1e 19 8NY)

SYNJ ISnp uequn papuadsnsay '€

‘pIeA AABN ‘0 ‘uoibuiysepn :uoneso 'z
1261-9/6) U1 Bulidues susydsoune

woy  paynsal  (egYOLNNS)  [RUBIRW
20UBJRJOY pIEpuBlS Ning :pousd Bundwes 'L

Apms [ensje aaudsdjey LSIN

sbuipui4 Jolepy Jo Aewwng

POYIBW 1eonjeuy pue Budweg

adA juoyeoo/pousd/Apnis

(panunuoo) g xipuaddy




"Jou pip asoy} ueyy sanjea 93 Jaybiy aaeb Burueyo 1oy 108100 0}
pajdwane jey) (101 19sung }dsoxa) saliojeloge] Inoj ay} Jo salyl '
*(uoneurwe)uos uabAxo) uonelado Buunp saseb

Jawed Buyoyums jo ABojopoyisw sy 0} anp Mo} aq Wbiw senjea
03 s.vd3 'S'N "0 Jo oljes 91/93 1saybiy ayr pey YOL JAOUWI
ay) aliym ones 1/)3 abelare jsamo| ay} pey Yd3sn ‘e p
'22°0 Jo uesw e yim (099

woy) €0 Jo Ybiy e 0} (Yd3sn wou) |°0 Jo Mo| & oy 881y} o J0joe}
e Aq pauea sajduwies o4 Juaique ay) Jo} onel 91/93 Jo abues ay) ¢
"Ajaaoadsal

'%E'TS PUE %8°GZ 248M D3 pue Q0 Joj UONeLIBA JO JuaIOWaod 8yl ‘g
“%,6 J0 sajdwes adualajal ||e 1o} UOHRUEA JO JUaIolja0d

pajcod & ym sasfleue O] uo |om paasbe ssuojelogel |V L

(03 10} 9, 058 PUE DO J0}

0052 ‘OINL) IsAIEJeD ZQUl UB JaAo B Ul UOHepIXO
Aq 93 10§ pazfjeue alam sajdwes ay) "OWL 1N “Z
‘(JHIV) uosnquiod

dajs-auo snid juswainseaw uopdiosqe |eandp ‘9
-Buidwies snonuguoosusbAxo aind 7g7 g

"03Q uobaig pue ‘YWD

‘ISW3 'Yd3asn 099 :spoylaw [ewsy) %ﬂm.o;N_. v
20

10} 9,00/ ainjesadwa) doy) poylsw O] Jesung g
"l000jo.d YOL 190 T

"looojoid YO JAOHNI '}

:Aq pazAjeue asam sajdwes Jaqi-zueny)

(0661 ‘Dunay pue uosmeT)
(0661 'ssajuno))

(s$9] 10 04 d) YUBI B pue ‘(3uszusqiAyjawuL)
jo sishooyd auyy woy pajessusb) sdwes
uoqied oebio Asepuodss aind e ‘sedwes
ajows poom ‘sajdwes soinos aulosebjasalp
‘losouae Juaique uBqIN/uBQINGNS
Buipnjour ssjdwes aoualgey edAl €

‘eale sajabuy so ueqingns
ay) u) pajeso; sem ays Budwes :uoneoo 'z
'986 ‘Isnbny u shep Q). :pouad '}

(SoWs2) 11 Apmg uosuedwo)

SpoyjoN sa19adg snoadeuoqies

‘SUONBUILLIB)BP [eN]ae JO AoeIndoe
JO Syl BU} UIYIM ‘§/6°0 = ¢J JO JUSIOI00 UOHEJSLOD € PUE $0') F
Z0'} J0 (09/03) ados e papjalk uosuedwodsaul ay) Jo synsal 8y g
(861 "1 18 Ppuno) sishjeue seb
PaAjoAs [euLldy) Ag pamojjo} Juswiealald uoijoesxa Juaajos Aq 93 Jo
uorjeuluualap [eawayd e jsuiebe pajesqieo sem Jajawioeyise ayl ‘|

(uw 1) (Rsespiag-on) Jajeworeyisy 4

"03 Jo} 3, 048 pue

00 10} D,52S ‘OWL L43) IsAleles ZQup ue Jano aH
ur uonepixo Aq 93 1o} pazAjeue asam sajdwes ay) ¢
(14 71) (BrosBUUYN JO Ausiaan)

Ja)y dnyoeq Jogy-zhenb uum sajeasqns (10}
wnuiwnje yum Joyedw (wr |79 1°g) abeys-auQ g
(34 21 (BYosBUUN JO Assanmun) Jaiy dnyoeq Jaqy
-zenb yym Selelsgns 1o} wnuiwnfe yum Jojoedu
(wd }'0 pue ‘ez'0 '90 ‘0°) ‘57) abeys-onq )

(0661 “KunpyolN pue uasueH)
(0661 ‘uasuey pue Aunpon)

‘(SN g) losolae Juaique uegingns :adA) ‘¢
‘eale sabuy s ueqingns

au} ur pajeso| sem ays Buydweg :uoneso ‘Z
9861 1snbny u skep (| :pouad '}

(SOWS) 1 Apmg uosuedwod

SpoyloN sa1oadg snoadeuoqien

sBuipui4 Jofey jo Alewwng

poialy |ednkeuy pue Buydwes

8dA] juoijea0/pousd/Apnis

(penunuoo) g xrpuaddy




si-d

19}9WOJBY}SE JO UOIJBIqI[eD Ay} SWILUOD
sasleue asay} Jo uosuedwod ay] ‘UOQed |ejuswald SsisAjeue
[ewRY) SAFe}UBND/UCHRIIXS JUBAIDS au) Jsulebe pajeiqied usaq pey
Jey) poulow ajeid Huneibajul e Aq Jusjuod UOGUED YOB|q JO} AlOjRIoqe]
3yl ul pazAeue Ajusnbasqns asem sIB)y JojoWORYGE Byl '
‘cw;Brig 0} dn Bunquiucd

sawnid payiwa Auadoid jusdelpe ue ul S9[OIYBA [ENPIAIPUL LDIUM
Ul SJUSAS Sjluyap SMOUS Ejep SINUIL-AQ-SINUIW JO UOIeUNUEX3 ‘7
“INoy 00p4-0080 pouad Buunp pa}oa)jod

Jayy ay) Aq umoys Ajlensn Aep yoea Joj uoneljuaouod jsaybiy ay) yum
‘ewybrl g9 0} |*| wouy pabues uonenusauoo Ag abesaae Jy-g ayl |

"Jajawojeyjse
auy} ajeuqi(ed o) pasn sem poyjaw ajeld bunesbaju) -z
{4y g) (uoynjosal AgInui ‘wu Z¢g) JajBwoRYiRY |

(0661 “AOYEAON pue Uasue)

‘1apew arnoned

popuadsns [ejo} jusique ueqn :adk] g
‘useg sajabuy so7 ay) Jo uood

WIBJSeayUoU 8y} Ul pajedo] ‘yo ‘BIOpUdD)
u abayjon sruyd 1e ays Buydweg :uoneso ‘g
"9861/02/8 0} 9861/24/8 WOy shep g :pousd '}

(SOWS) AI Apmg uosiredwod

SPOYIRW sa1vadg snoadeuogie)

"0 o} ueaw
Jojdwes-aAY ay} JO %ES O %) Sem siayy dnydeg ay) uo punoj 91
ay) ‘ssayy wapue) buifojdwa swalsAs 104 “Joejue buidwes Jueayubis
e sem sI9)|y Joaqu-zpenb ojuo siodea snoaseb jo uondiospe ay]
"Spoyjaw Jayjo ||e Jo ueaw ay} (%#9 ~) mojaq Ajusjsisuod

Sem [Sv4 Q0N AQ paulwsiep siayy Jaqy-uoysy uo JL ayl ¢
"spoyjaw [eonA[eue o} painquie sem

03 ul 80URJAYIP AU} JO YoNW NG ‘spoyjew [ednkjeue o) uey) Jayjes
spoyjew Buidwes o) pajnquie Asow alem DO Ul S3oUBIBYIP By ‘Z
"sajotped 10ajj09 0} siojoedwil pasn yaym

10 yjoq "D Pue N woy aiam DO Isamol ayL ‘190 Aq Jeyy Jeqy
-Z)enb pajoalioo uondiospe au) Aq pajodal Sem DO JamoT “Jaljy Jaqy
-Z)ienb papnuap Ay 8y} pue Jajjly Jaqy-zuenb papnuspun HIY 8y}
Aq pajodal a1am suoleuaduod uogued owebio Jaybiy Ajuaisisuon |y

"UOGIED B|1jE|OAUOU
pue ouebio usamaq ysinbujsip Jou Ssop Yoiym
anbjuyoa) Jeajonu e i siy] 'siAeg dn Aq (g6l e 18
flyed ‘1Sv4) anbiuyos) Buuayess eydie piemiod g
(93 10} O, 058 PUB D0 0}

00525 ‘OWL) IsAleled ZQUW Ue JaAo 8H ul uolepixo
Aq 53 Jo} pazAjeue alem sajdwes ay] ‘ejoSsUUIN
j0 Aysisalun pue juswuonpoey A9 OWL 1¥3 b
“THIV 01 Jo} uonsnquoo dajs

-auo snid 93 Joj Juawaunseaw uondiosge jeando ‘¢
UN9 ‘ISW3 ‘Vd3

‘S uonoauod Buieyds eando nouylm  spoylew
uoinjors |ewsay) (2Q/eH pue 8H) dejs-om]
"uoij0a.100 Jaljy-dnxoeq Yim [030joid ¥OL 190 '}

:Aq pazAjeue pue

payoaljo0 aiem (abeiare siy Z| — ) sojdwes jusiquy

(0661 ‘Buuay pue uosmeT)
(0661 ‘emeiniy pue 3jped)
(0661 “fe 18 $S8JUN0D)
(0661 | 1o Buuay)

"(sdnoib usamaq paueA

'87Nd 0) 6\ d) Wd 8uy Jusique ueqin :adAL €
‘uiseg mm_mmc< soq a8y} jo :o_toa ulejsea

-Ypou ay) ul pajeso) ‘yo ‘eJopusio ul abgljoD
SNUJID Je poajedo| sem ajis mc__aEmw ‘uoiedo] 2
"9861/02/8 0} 9861/21/8 Wy skep 6 :pousd ‘|

(SOWS9) 11l Apmg uosueduwio)

SPOYIOW sa)oadg snoadeuogre)

" sbulptii{ Jofepy Jo Alewuing

Poula [eankleuy pue Budweg

adA | uoneao/pouad/Apnig

(ponunuod) g xipuaddy




‘uoiba1 9|qisiA ay) ul uondiosge |eondo

[0S0J3E JO 80INOS JUBLILIOP BY) SI D3 Jey) pawuyuod Apnjs siyl ¢
‘(%01) Awutepsoun Jajeslb pey (uonoenxa ou) snbiuyos) [ewiay)
[EULIOU pUB SjusWwaINSesW JAsNoJeojoyd usamiaq UoNeBLOd ay) ‘2
WU G'p1G e B/zw 950 F 90°0} Je pajewnsa sem Aouaioye

uoidiosqe ssew 93 syl ‘(Sh60 = J) SisAeue uonodeJXBffEULIBY)
Ag  paulwielep  uopenuaduod 93 ymm  Ajreonsnodeojoyd
painseaw uojdiosge [eando ay} Jo} poob sem uonepuo) |

(s 0€) wu G'p1G Je pajesado

(Auedwo? JOJO|y PI04) JuswInISUl SMSNOJBOIOY "2
‘g3uepiwsuel) Aq pauiualap Sem O3

pue Q0 Jo Hds 8UL "dH%8620%C Ul Je05. PUE 009
pUB 8H Ul 4089 PUB ‘085 ‘G8E ‘0GZ Papnjoul sisAleue
[ewiay) ayj -susano} pue [ouedoid-u jo anpw
(M) 05/0S B Ul Jybiwano pajoelixe alam sajdwes
‘(MO ‘anoicy 1s8104) Aojeloge Jesung je pazAjeue
uay) asom sia)y ay) ‘(sbesene 1y 9 - g) sia)y Joqy
-Zyienb uo sepiped pajos||0o 0} pasn sem Jojesedas
-aid wrl g e yym paddinba Jajdwes awnjoa-ybiy v °|

(0661 “[e 10 swepy)

SN Juslque uequngng :adA] ‘¢

"BIUIOJ|EY ‘JUOWRLE|D

e pajeso| sem aps Budwes sy :uolyeso] ‘'z
"(skep aposida oiyd 10 8U0ZO) /g6 Ul

€-2/6 '6C-L2/8 'SL-E}/L ‘ST-HT/9 ‘61/9 POURd "L

(sovos)
It Apnis Ayjenp any elwoped wisynog

'[9AB] SDUBPHUOD %G6 BY) 1B SBN(eA |50 PUe pIo4 Udamiaq Soualayip
Jueayubis ou pamoys 13-} PapIsS-OM] B pUB ‘(| SEm anjea 93 |90
ueaw ay) 0) an[ea Hg pIo4 Ueaw ay} Jo Oljed dY| "G0E"( JO JUBIDYA0
uofje[a.100 e pajiqiyxe spoyjaw omj 8y} Jo Jij 8y ‘Biw 0| o Aousioys
uojdiosge ue Buisn uopesuasuod g 0} ®Bq BuisAuod UsYpm ‘2

(saeq) uondiosqe pi04 pue 3 9O usamiaq sjuawealbe poob
pajeaipul spouad Buidwes juaunouod sy Jaao uosliedwod sy| |}

‘WU G'p1G Je pajesado (sbesane s Og

‘Auedwo?) JOJOW PIO4) JuBWIISUl NSNOJBOIOYd 2
aJaydsowne 20%z/oH%86

720G, 18 panoA® sem 9F pue sisydsowle
8H aind 9,069 Je peajoae sem DO ‘(sishleue
uw-0p Aq pemojo} abesae uw-0g) lezAeue
uoque jeando-leunialy) panjosal-aWwleyy-lenp 190 *|

(0661 “le 1o wdin])

SN Jusique uequngng :adA] ‘¢

"BlUIOJBY) ‘JUoWRJelD

e pajeoo) sem ajs buydwes ay) uoneso 'z
‘(shep aposida 0ty d 10 BU0Z0) /86| Ul

€-2/6 '62-L2/8 ‘SL-E}/L 'GT-¥2/9 '61/9 :POUR °|

(sovas)
| Apnis Ajjend 4y elwojijey weynog

sBuipui4 Joley jo Kiewwng

poyai [eonfieuy pue Buidweg

adA] juoyjeao/pousd/Apnis

(panunuoo) g xipuaddy




L1-4

“JUBWIUOIIAUD

aH and ul Buweyd aonpas AjAndaye ued poydw OWL ‘€
‘so|dwes

E9I0) pue oMU JAQUJWI Papeoj Ajybly 1o} ¥OL JAOHIWI
Aq Jaybiy pue ‘sajdwes ueqin Buoy Buop papeo Apaesy ul QWL
Aq 1aybiy ‘(DO ou) sajdwes Jo0s pajenwis Joj JUS)SISUCD BloM S[OAS]
93 ‘sjes ajdwes juasayip Buowe juslsisuod jou asem seselq )3 7
‘go|dwes Jo Ajalea

3pIM B 10} %GZ F UIIM SanjeA D3 pue ‘a0 ‘IL Jo synsal Juajeanbs
apinoid 0} umoys uaaq aAey sjoooloud JAOMIWI PUE OWL I

‘Poylew
(NOL) uonepixQ epixolq esauefuey (ewusyl Z
"4OL IA0HdNI '}

:Aq pazhjeue aiam sajdwes Ja) Jaqy-zuenp

(z00Z “[e 19 Bung)

(02} yoreuoN
10geD) uogied ¥Ie|q ddualBjal ‘SN Jusique
[eJry pue (dyjesy pue jedysnpul) uequ :odAL ‘2

‘so|dwes
uogJen yoe|q aBYJUAS ¢} pue ‘Buoy Buol wouy
0} ‘eai0y Yinog woly 9| “HomiaN JAOUNI
'S’ 8y} woyy sajdwes (g :uoneso Suidwes *y

spoyloN
OWL Pue ¥OL JAOMdWI Jo Suosuedwiod

‘siskjo1Ad 0y anp Buiuayoelq Jayuny
109)9p Ajgjeinooe o) 9|ge SEM SOUBYILUSUEL JOU 80UBJOSYR) Jay)isu
yoym uo sajdwes xiep AsaA Joj pasunoucid Jsowl Sem doualeylp
ay] ‘pasn sjoaojoid ay) jo sse|piebial aouejdSYal UBY) SOUBHILUSURY)
Jo} Jaybiy sAemie sem uonoeyy H3 ay) o} Juawysnipe sisAjoIAd sy ¢

"Juawaaibe poob ul ale sasAjeue HSOIN PUe JAOHCWNI
ay} ‘03 HSOIN 0} pappe sI D0 HSOIN J0 uood Siy) USYM "Uojoey
03 uey} Jaylel DO 8y} 0} assydsowie s u ainjesedwsy (9.068)
HSOIN 8y} Je Buiajoas uogles Jo uoljesojje ayy si soussayip Arewud
8yl 03 JAOUdWI Jo Jley uey ssa| Ajleaidh} sem O3 HSOIN ‘2

‘s1a)|lj Jaqu-zpenb uo psjdwes 9] 10} Jusjeainba
ale sjoo0joid uonnjoAs [euldy} HSOIN Pue JAO¥AWI 3YL |

"10L 0%0S HSOIN ¢
HOL 3A0UdNI 'L

:Aq pazA|eue aiem sajdwes Ja)|y Jaqy-zuenb xajjled

(100Z “1e Yo moyD)

"UOISSIWS 8UBSSII0I
USYOIYD PUB JSNBYXa SJOIYSA JOJOW ‘Jsnp peol
pue ji0s a)e| Aip papuadsnsal ‘SZpd Jusique
ey pue ‘aunynoube uequngns ‘(fewjsnpul
pue ‘|lejuapisa) ‘jeioiowwod) ueqyn odh] 2

‘00IXoN
pue opeiojo) ‘0g ‘uoibuiysepy ‘ewbia
‘euljoie) UYUON ‘epeAsN ‘ejuiojje) sexaj
u ae suoieoo| buidwes sejdwes jusiqwe |
pue sajdwes a0Inos g| papnjoul asayl ‘Be6L
~ /661 Buunp says Budwes jo Asuen e woy
pasinboe aiom sajdwes :uoleo pue pouad '

(4q Je sjo20j01d ainjesadwa)
HSOIN Ppue 3JAQNdWI O uosuedwo)

sbuipuid 10fe}y jo Arewiwing

poyien [eonkjeuy pue Buydwes

odF L /uojeao/pouad/Apms

(ponunuood) g xipuaddy




.O\NE

01 ~ Jo Aouaya uondiosge ue ul Bugnsal {g6°0 = J) poylew jeway)
woy 93 uywm uonejauoo poob B pamous uondiosge WdI 84l b
“Buiwng poom se yons

‘Buiieyo o} sjqudassns sejdwes uj abie| aq ued Joua eyl ‘pajiwi|
s| Buuseyo asaym sajdwes ajenoiyed {9saIp SAOWOINE Ul |lBWS 8]
[Im s20113 “sajdwes ay) ui H3 Jo Juadiad pue jyussaid [euajew djuebio
Jo adA) ay) uo papuadap aH Japun 9,069 Je Bulleyo Jo Junowe ay] ‘¢
‘9|qBIOBAX3 JOU SEM

Jayew ouebio ay) JO 9| JO WNWIXBW B ‘SNY| ‘JUSAOS SAO3YS Jsow
ay} Aq |erowsal %pG JO WnWIXew B 0} pasedwoo uogJes sy} Jo %89
-/9 PaAoWal uonoexa ploe JLU 1Y g pue UOREpIXO D05 Ylod ¢
*(9%29) uoqIes aiow

UaA3 panowal D,0G¢ Je Jie ul BugeaH "wnnoea e ul 9,06€ 1B %Z9
0} pasedwoo uoqJed ayy Jo %0E Ajuo paowal D,08! Je Bunesy |

‘uondiosqe Buunseaw Jo}

wu (g6 ¥e pajesado (Wdl) poyen aield BuesBajy) g
"SISA[eUB [BUIBY)

a10jaq (Do 0GE 10 Do 08} ‘L) |) Buidding wnnoep
"SISA|eUB [BULIAY)

210j8q s1y g 10} uosablp (EONH N9) piov IN €
"SISAJRUB [BULIBY} 810}

Sly g Jo} uopoenxe 8/-04 usuuonj4 JO JusAjog ‘g2
"aH Japun 9,069 Je buneay Aq ajdwes sy} woyy
paAowal sem HO ‘foaojoid sishjleue feuusy) YWO ')
:papnjoul

03 o} spoyjew [eonfeue ay] 8y Jeqy-Zuenb
B JO Ja)y Jaqy-sse|b e uo pajos|joo aam sajonied ay|

(zg61 ‘™MogoIn pue sjpe))

*SUOISSIWS 32IN0S Pue Jualquiy :adk] 2
‘aoejdaul) [eRUapISaI JO 19)INO By} WO pajos|iod
sem ajenoiied Bunung poopy “JajewowruAp
SISseyo B uo uni sied Jabuassed wouy
paulelqo alam SIed [9Salp pue auljoseb wouy
ajeinoged jo sajdweg "BueISINGT ‘B|IASqqy
pue ‘ejoeq uinog ‘sedld Jeau Seale [eins
Ul pue ‘opeiojos) “IaAuUa( Ul PajoNpuUod Salpnis
pajy woy pajosljod alam sa|dweg :Uoiedso] 'L

| Apmg uosuedwo21aju| SI0)0} jelauas)

'sisAjeue ay} Jo yed jsiy ay) ul 0 JO [eAowal ajenbapeul 0} anp 93
PSJEWSaIaA0 UOIIaLI0D Bulieyd Jnoylm poylsw dujswonod ayl 'y
"yows apasebio

ul %0y o uonoey 93 abeisae ue papodal poyjswl OUJBLIOINCD
B} JflyM 'SUOISSIIB [9SAIP UlIM paxiu SEm JI Uaym ayows ayasebin
ul uoqued jo %z Ajuo papodal poylsw |OL 0¥0S HSOIN 8yl '€
"SpIepue)s asau} Jo} 93 Jo

%€ > punoj poyjaw (eando-feuiay) ajiym ‘poyjew oujswoNed Aq O3
se payiuenb aram ‘Apanoadsal ‘SUOHNIOS Y1 T PUB 8S0IINS Ul Punc)
UOGUED 3U} JO %0/ PUE %ZG IN0qy 's)nsal [eafido-fewlay) O} SARea)
paselq AjoAiisod alam S)Nsal poylaw dLjBwWonod e ‘03 Jo4 g
'S)nsal 93 Joj usas sem Juswaaibe

poyaW-UIyIM S|qeuoseay "Salojeloge| (e Aq psyodal alom s)nsal
{DL) uogies [ejo} ey} usamiag (%S| > ASY) Sluswaaibe pooy °|

‘Spoyjsw Ju}BWonod mc_ms uoqJed Josjep $#0-10

'03

10} 20 Ul (Ul G'p) 6008 ‘DO 404 2N Ul (U ) D605
pue ‘(uw z) 5600F ‘(uw g) 26002 ¥ ‘€D ‘820 'S
*03 10} 20 ul (Ui

2) 26002} Pue (Uw G'p) D008 -0 Jo} 2N Ul (Ul
9) 00095 Pue ‘(Ui ) D00 ‘(UIW Z) 24002 W2O ¥
"03 10}

20 Ul Ui £ ‘D008 *00 J0) 2N Ut ulw 0} ‘6008 11D €
‘(sweiBouwayy

Ul UMOUS 3|BedS U0 paseq sajewnss alam Sawl)
80uapisal 8y} Jng YOL IAOHdWI 0} Jejuuis) YOL 2
'sj000joid 101 0¥0S HSOIN “}

:Aq pazA[eue alom sa|dwes Jayy Jaqy-Zuenp)

(8661 ‘youg)

"sa|dwes 821nos uonsNquiod snouep :adA |
‘g|dwes

play B woy usxe} suompod Jojowelp ww
Gz U0 Ai0jeioge| ay) Ul pajos|jod Sem ayows
ayeiebin) "ayows poom wol} pue ‘asnoy sulbus
aly e jo keq oy} ui yoop Buipeo) yonu jeseip
B JB ‘UMOjumop Jeau (pasn aiam s10ssaidwioo
palomod-jgsslp  alsym) BYUS  UOIONIISUCO
B Je popolod asem  ssjdweg uoiedo

Apnig uosuedwos Aiojeloqepaiu] HSOIN

sBuipuid Jofeyy jo Aewwng

poujaiy [eonAjeuy pue buiidwes

adf | Juoneso/pousd/Apnig

(ponunuod) g xipuaddy




‘aysoddo ay 8q 0} papus) Qyd Inq ‘sejoiued buuspeos

Aq pasapaul usym uondiosge sjewnselon0 0) papus) Wdl 2
'$$9| Yonw Sem

Sjuswainseaw (yd o} uoneqinuad ay| ‘ssjdwes ayy uiyum aoeid
Buryey Ajuaiedde sem Buuepeos sdynw jey Bunesipul ‘pajoedxe
aq pinom uey (saw g} — g) Jabuej yonw sem sjuawainsesw Wd| 8y}
0] Jles jo uogequnpad ay] ‘pajeadel alam sjusawalnsesw Qyd pue
NdI 8y} pue ‘uoques ay Jo doj uo paoeid sem *OSZ(*HN) 10 peOHSAO
Ue ‘Qvd pue Wdi AQ pazAjeue sem Jisodop uoqued aind e Jayy |

‘g/dwes ay jo sapadoud jeuusy) pue sandiosqe

uo paseq jusioyeod uoydiosqe Buunsesw 1o}
wu €£9 Je pajesado (Qyd) uonosiep dnsnooeoloyd
"UOISSISUB)

ybnosyy jusioysos uondiosge  Buunsesw oy
wu g€9 Je pajesado (Wdi) poylew sjeid buneibay) *|
:Aq pazAjeue aiom sio)y

Jaqy-uoya] uo ysodap 8yl U] £'9L JO djel MOY
€ Je Sajeljsqns Jayy ay) uo paysodap alam sspied

(z861 ‘Aned pue yauuag)

‘josolee pIepue)s |eloyily :adA| 'z
"doysyJopA [0S0IBY AlIsIsnuf SlelS
opeJojo) ay) buunp pajessusb sajoned sjeyns
WNjUOWLWE 3}iym pue uogJes yoe)q ajdwesg |

doysyiop

josossy  AjsIeAlufy  2lB)S  OpeRIS|e)

"liom A1an (8861 11861 ‘{BUBH) anbiuyos) uondiosge sy} yum
paaibe Jajawoeyee aabepy ay) Jo synsal ay “Jsjewojeyiee asbepy
8y} pue Jsjowoleyiee Yq oy usamiaq abesane uo 906 ~ Aq pasayip
UOIJeAUoU0D J00S painsesw ay) ‘sjuswuadxs pal ay) Buung ‘Z

‘(9961 ‘2861 ‘|9ueH) anbiuyoa) uoidiosqe jeondo ue
yim paredwiod se sjepdjew Buigiosqe-uou pue Buigiosge Jo ssew ay)
JO OljeJ ay} 0} [EORUO Sem JajoWOoleYIee Y Y} Jo asuodsal ay] |

‘s|eubis

Buunsesw ay) 109jep om} Jaylo ay) pue ‘sieubis
20UdIpR) By} ainseaw sepopoloyd jo oml  (wu
066) obues pateyu sy ur omy pue (wu ogg) abuel
uaaib ayy ur aAgisuas Buraq way) Jd om ‘sspoipojoyd
no} Aq pajosjep st Joyy eyl ybnowyy Buissed
WO “Jayy By} JO BPIS WEBISUMOpP SY) UO 32IN0S
€ Woy pajiwa si Wbl shym “eeworeyse ¥1a 2
‘(rou) dypuaIog sabep) Jejswoleyiey ‘|

(z661 "[e 1o ssony)

"S|0S0JO. dUlj JUsIqUIE pue [0SOIBE (Jes)
ajiym pue (syydei6) yoeiq [eroymy edil ¢
*AuBWLISY) ‘YoIuNYY JO YLou Wiy OZ Inoge
pajedo] ‘Buiyosesy Je snsu| |e160j0I08)9N

8y} Jo uomeys pay eyl uopedo] g
"1661-0661 JBIUIM :pousd ‘|

Apms uosuedwoaisyu)

Jjswoeylay  J8ud)  ydeassy  y1ad

"SPOYJaW |ewnay} 3y Jaao abejueape ou

9ABY puB 3 awos parowal pajebisaaur spouiew uonsabip ay] ‘¢
"suoisodwos umouyun Jo ssdwes 10} pasn aq

pinoys aH Japun sisjoiAd 9,066 & AqQ pamoijo} Jie Ul H405¢ 1e Buieay
Buikoidwa anpasoid uonesedss dajs-omy v sejdwes juasayip yum
SaLeA poyjaw [euuay) wnwndo ay] 9,056 18 Uae ‘00 Jo Buueys
asnes ued jng ‘pides Buiaq jo abejueape ay) aAey spoyew [eulay] 'z
I8} Juoy ayj uo jeyy

J0 %0¢ sem Ja)y dnyoeq e AQ paquospe uogJed Junowe sy ‘sajdwes
awos yum ‘wajqoid Jolew e aq Aew Sia)| SUeIqQUISW JOAJIS pue
sia)y Jaqy-zenb pue -ssejb uo Jodea ouebio jo uondiosqe ayj L

"Iy G/°0 Joj dwey a1e 6H4-aX M00Z ©

UM uoneipels; pue uonnjos Z0ZH %0€ B Ul UoIsiaww
JO PaJsISUD poyisw piih ay] ‘siy gL ~ Joj HOM N¥
pUE [OUBLIS JO UONN|OS |1 B Ul POSISWLW SJoM SIa)|l)
8y} ‘poyssw Jayjoue u| “uoinjos EONBY A/M%90
90%S2 W €10 "OS™H WY'L B Ul pasiaww] aism
SI9)(y 8y} ‘poyjew uo uj “sishjeue [ewusy) aiojeq DO
8L} 9AOWB) O} pasn alam spoyiew uonsabip aaly] 2
"po)sa) alam sainjesadwia) bunesy

Jayl0 "8H Japun 9,069 Je buneay Aq sjdwes ay} woij
panowal sem D0 '10o0j0ud sisAjeue [euayl YWO °1
‘papnjout 93 Joj spoyjaw [eonkleue ay)

"sIa)|y Jaqy-zuenb uo pajos|joo alem sspiued ay]

(€861 “[e 19 9|peD)

‘[0S0J9B 92IN0S pue Juaiquiy :adk| “Z

"Lg61 Jo Buuds pue Jajum ayy

Buunp ‘N ‘uauep Je paisnboe asem sejdwes
jusique [euonippy ‘poOMpIEY 0 POOMYOS
Joype Burung eoeidasy e woy  pajos) oo
SeM 9YOWS POOM ‘JO)SWOWRUAD  SISSBUYD
e uo uni sied Jabuassed woy psulelqo aiem
Jajjew ajenomed [asalp Jo sajdwes YA ‘Aein
Jeau Apnjs pay e Buunp psjosj|oo a1om Jajew
ajenoied susydsowie jo sejdwes :uolleso °|

Il Apmg uosueduiodI8)u| SI0JOY [eIBUID)

"~ sBuipuid Jolejy Jo Kewwng

POua [eJRAleuy pue budweg

adA | juoieaoy/pouad/Apnig

(ponunuod) g xipuaddy




0c-d

"xapui aAljge.a) Aieuibew g9 g pue JejaWelp
wrl |0 jo apiped anydesb aind e jo Jey o) Jejwis sem |0SoIoe
uequn Jo uondiosqe ay] 'g6'0 SEM EJep UBGIN ay) Jo} SjuaWanseaw
Wdl Pue D] USSMjaq puncj Jusionsod uoneuod ayl g

‘eLSjew Ja)jy 8y} O} psjnquie sem
SOUSIAYIP SIY] "GZ ~ JO J0J0e) B AQ Nd| BY) Aq paullalep Jey) uey)
Jajealb Buieq W17 Aq pauluualap Juaioleoo uondiosge syl YIm ‘S6°0
SEem SJUSWAINSE3W 1T PUB Wdl USSMISQ JUSIOWS00 UOHE[aL0D
8y uosuedwod sy ul pasn asam adA) Yoes Jo sIaljy ¢ JO [0 V °|

(1261 "Ie1®

JolIBNI) PoyawW UOHNIOAD 2ODUORSNQWIOD )0} B AQ
pauiwIajep sem sIa)|ly Jaqu-zuenb uo uoqued ejo) ‘¢
'dvsd jo

Juawdojarap Atea ay) sem sy usodap sjonsed ay)
Aq pasnes uondiosqe ay) ajenajes o} Jaj|y Juelq e jo
Jeuy) 0} aAle;al Jayy asodiiN papeol B ybnoly) weaq
JaSe| aN-9H Wu ggg e Jo uoissiwsuel) ay) pasedwoo
W11 aul "(WL7) poyew uoissiwsuer Jesel g
‘uoljdiosqe

Buunseaw Jo} (WdI) poylew ajeid Bunesbajul |
(Joqy

-zyenb pue ‘asodjjyy ‘alodajonp) sejessqns Buidwes
Jualayip sa1y) Jo asn ay) pajelodicoul Apmis SIy)

(1861 “[B 10 Jajpeg)

|0SOJ3. UOISSIWLS
J|jes) ueqin pue [0S0Jae Juslque [einy :adA] 'z

"SUlRUNopy
odwAIO 3y JO (Y100} Walsem B U0 YIS
ajowal e o) [auun) Aemybiy e w ays pajsabuoo
Aybly e woy ‘sie)s uojbuiysepn jo ued
wajsam ay) ur sayis Bundwes aal4 :uonesoq 'L

(dvsd Ape3) poyis uoissiwsues} pue
poylsly ajeld BunesBaju) jo uosuedwon y

'ponIasqo sem saloads Buiiapeas

Juby ousydsowse woly ssusnyul ON "pabueyo suonpuod Jusique ay)
se AJessaoau sem uoleIqieD Juanbayy os ‘Alpiuny pue ainjessdwa)
0} aApIsuas sem [eubis Juswnysu ay) “(sbeiaae 1y g - ) w/obd
€0 ~ iy uoposlep B pamoys Juswingsul onsnodeojoyd ayl Z
(ew/Bri 220 F 10~ = 1daosalul

‘61’0 F 01} = adojs ‘9z60 = J) JusyeoXe asem D3 [eando/leuniay)
pue 9g onsnodecjoyd usamaq Juswealby  "suoieUSOUD
29 urejqo o) paydde sem (6w o) Aousioye uondiosqe ssew v |

"(abeJaAe A|puodss) wu G ¢} G Je pajesedo

(Auedwo?) JOJO| pI04) JuBWINASUI JNSNOOBOIOY] 2
‘90UBRIWISUBY) AQ pauluLIBlap Sem D3

pue D0 Jo 1ds YL "8H%B6Z0%Z Ul Do0S. PUB 009
puB 8H Ul D,089 PUB ‘08S 'S8E ‘0SZ Papnjou! sisAleue
[euuay) ay) susnjo} pue jouedosd-u Jo ainw
(MmA) 06/06 B Ul Jybiwano pajoeixe alam sajdwes
‘(MO ‘ancig) 1s8104) Alojeioge jesung Je pszAjeue
uay) asom sialy ay) ‘(abesane Jy g — g) siayy Jaqy
-zyenb uo ssjoled psjoaj|oo o) pasn sem Jojeredas
-a1d wrl G e yum paddinbe Jajdwes awnjoa-ybiy v °|

(6861 “fe 19 swepy)

‘S alque |eny :adA] ‘¢

‘uebiyoiy ‘wogleaq ui Aiojeloqe]

yoseasay  ouyuag  sAuedwon  Jojon
pjod4 0} jJuaoelpe pajedo) Jajiely 89O 3jqowt
B Ul pasnoy aJam Sjuawniisul 8y] :uoyeso ‘'z
"9861/04/L} — 9861/62/6 -POLSd 'L

uonepijeA

Adoasosoadg 21JSN0JL0JOY4 pio4

sBuipui4 Jolepy jo Krewiwng

pouja [evnkjeuy pue Buidwes

adA | juoljeso/poliad/Apnig

(ponunuoo) g xipuaddy




124

"pay aJow yonw st abues sweulp

Jiay} ‘JanamoH "poyjew ansnodeojoyd sy se yons sprepuess Kewud
umm em Ajessusb (uonesqies [eouidwe Jaye) aledwod (dyvn
“Ba) souasapasiul Buusleds 10} PajoSLIod SPOylSW paseq-ialld b
"SJ0L3 dljews)sAs |elueisqns aaey dySd pue

Jajewoleyiee se yans spoyjewy uondiosqe paseq-iayy pejosLodun ¢
W | mojsq

0} umop uopoulxa suaydsowie Buunseaw Jo ajqeded s1 gy 8yl ‘Z
‘uondiosqe Jybi| |osoJae 4o spiepuels Alewud jusjeainba

-<senb om) Buppik ‘| - ¢0 ~ woy Bubues sopaqe Buuayess
10} S|OS0I9E 10} 9D} INOGE UM JBYI0 yoea ypm paaibe Buuspeos
pue uoRoUNXa JO aoudseYp 8y} pue uondiosgqe JiSNOJEOOYd ‘|

(dvvI) Jejewojoyy uondiosqy ajbuy-ninp "2

"(wu 0gg ‘soueipey) dvsd ‘9

I9j8Woleyiay ‘g

pUET DR By lval=lo e TR

"sJgjewopydau bugeibajy| ¢

‘[I89 uonoUNXa ISSelD 2

a¥o

NSd Pue ‘ySYN 'tya) uonounx3 umog-bury Auned °|

(¥002 “fe 10 uepuays)

‘ST Jusique se |jom se ‘Joalayy

SanX|W pue sjososee  (ajeyns  wniuowwe)
ayym pue (ng Ajebuey) 100s suasosey :adh| ‘g
‘epeAsN ‘ousay :uoijean g

'200¢/82/9 — 200¢/e/9 ‘pPoued “}

Apms sandQ jososay ousy

sbuipui4 Jolepy Jo Arewling

poyial [eankieuy pue Budwes

adA | juoesoy/pouad/Apnig

(ponunuod) g xipuaddy






