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ABSTRACT

- Recent investigations have shown that particulate (éerosol)
pollutants can cause adverse effects on visibility, health, climate, and
water droplet nucleatioﬁ. In many cases, the sub-micron aerosols have
"been found to be comprised of mostly ammohium sulfate and sulfuric acid.
Further research into the aerosol chemistry as a function of particlé
size can provide iﬁformation léading to the mechanisms of aerosol forma-
tion. This work describes a technique for the size-segregated sulfate
analysis of aerosol particles, which are collécted by cascade impaction
onto stainless steel strips. The sample-laden strips are analyzed by
flash volatilization and flame photometric detection. The efficiency of
the flash volatilizafion system is fested by plaéing dilute aqueéus
sulféte solutions onto pre-cleaned, stainless steel strips. The effects
of a thin léyer of substrate and strip cleaning technique are discussed,
as are the effects due to volatilization unit design changes. The
results demonstrate a correlation coefficient of 0.902 and a recovery of
approximately 32% of the pre&icted sulfate lqading. An in-depth dis-
cussion of this fractional reco&ery and .occasional high récoverieé of

approximately 45% are also presented.



CHAPTER 1
INTRODUCTION

The preservatidn or improvement of the éfmosPheric environment
has led to many investigations info the chemistry and physics of air-
borne trace species. These species, or air pollutants, are found both
in the gaseous and particulate Caerosol) phases. Those pollutants
emitted directly into the atmosphere from either ﬁatural or anthro-
pogenic sources are réferred to as primary pollutants. Secondary
pollutants are formed by the interaction between t&o Oor more primary
contaminants or by the reaction with normal atmospheric constituents,
such a§ water. In recent years, the emphasis has shifted frbm gas to
.aerosol analysis, because it has been shown that many of the primary
pollutants were forming secondary aerosols. The adverse effects of
théée secondary aerosols have been known for some time due to air pollu-
tion episodes such as Donora, Pennsylvania, in 1948 and London in 1952.

These atmosphefic aerosols tend to exhibit a trimodal mass dis-
tribution with respect to sizefCTablé 1.1) (Whitby, 1978). The Aitken
or transient nuclei particles are either‘primary in nature or formed by
the condensation of hot vapors. The éccumulatioﬁ mode aerosols are
mosﬁly secondary in nature. The particles are formed by the chemical
conversion of géses to low volatility vapors, the condensation growth of

the nuclei to form droplets, and the coagulation of the droplets or



Table 1.1 Types and Sizes of Aerosols.,

Typical Aerodynémic Diameter

Type (microns)
Aitken nuclei’ 0.002 - 0.1
Accumulation Mode 0.100 - 1.0
Coarse Mode 7 1.000 - 100.0

Aitken nuclei. - The coarse particles are primary pollutants. -They
originate from bothnaturai (dust, sea spray, volcanoes) and anthro-
pogenic (fly ash, cement dust) soﬁrces (Whitby, 1978).

The adverse effects associated'withﬁthese atmospheric aerosols
include fisibility degradation, water droplet nucieation, detrimentalir
. health effects, aﬁd meteérological changes. White and Roberts (1975)
concluded that the light scattering'effect of the accumulation mode
aerosols was much greater than would be expected by their total mass
alone. The visibility degradation brought about by these aerosols is
~ very well doéumented in the Los Angéles (Dzubay, Stevens, and Richards,
1979) and St. Louis'(Auer,'1977) regions. As well as scatﬁering light,
- these particles penetrate most deeﬁly into the lung (Lippman and Albert,
1969). Studies done by the Enﬁironmental Protection Agenéy (EPA) and
other researchers reveal that atmospheric aerosols are a majorlsource of»
chronic respiraﬁory problems and pﬁlmonary flowrresistance,(Shy and
Finklea, 1973; Amdur and Corn, 1963; Ferris, 1978). Another documented
effect of these particulate aerosol species is their function as cloud

nuclei for water dfoplet formation (Dinger, Howell, and Wojciechowski,"
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1970). Finally, long-term climatic changes have been hypothesizedeith
increased aerosol loading (Hare, 1979). Incomiﬁg radiation is reflected
back into space by'aerosol particles. This change in scattered solar
radiation might correspond to a temperature drop of several degrees bver
a prolonged time period (Bolin and Charlson, 1976). |
7 Many studies involving the chemical analyges of these atmo-
spheric aerosols have been done. These analyses demonstrated that Si,
Ti, Cs, Li, Rb,-Al, K, Fe, Cé, Mg, Na, Mn, Sr, Co, and Cr are primarily
of soil origin (Moyers, Gaarenstroom, and Perone, 1977). Other species
with multiple sources include SO, , NOS_, NH4+, Zn, Cu, Ni, Cd, and
benzene soluble organics (Moyers, Gaarenstroom, and Perqne, 1977; Dams
et-al., 1975; McMullen, Fagro, and Morgan, 1970).

Ambient sulfate concentrations have been linked to light

scattering measurements in western and northern Europe (Eggelton, 1969;
"~ Rodhe, Persson,'and Akesson, 1972; Barnes and Lee, 1978), the midwesf
and southern United States (Charlson et al., 1974; Weis et al., 1977),
the northeastern United States (Trijonis and Yuan, 1978),7and Canada
(Whelpdale, 1978; Heidorn, 1978). The global tropospheric concentra-
‘tions of sulfur’compounds is approximatély 2 ug/ms. Valﬁes in the rural
United States average around 8 pg/m3 east of the Mississippi River and
2.6 ug/m3 west of the river. Urban levels ranges from 2 to 50 ug/m3 in
the eastern United States with an average of around 13 ug/ms. The
western United States ranges from 2 to 20 ug/m3 with an average of near

~

6 ug/m3 (Mitre Corporation, 1975; Heidorn, 1978).



Roberts and Friedlander (1976) demonstrated that.most of thié '
atmospheric suifur was found in the 0.1 to 1.0 microh fange. Sulfaté
studies performed here in the Southwest desert climate have shown
ammonium sulfate to be the largest fraction of the atmospheric sulfate
(Hoffer, Kliwer, and Moyer, 1979). Trace particulate ion-speciatioh in
the Tucson, Arizona, area demonstrate a high correlaﬁioﬁ coefficient
(0.87) between ammonium and sulfate ion (Moyers, Ranweiler et al., 1977).
_These sulfates.show a heavy dependence on relative humidity, and mass
médian aerosol diameters are greater at higher averagé relative
humidities (Ahlberg and Winchester, 1978).

Further sulfate research could expand this knowledge by size-

- segregating the submilcron aeroéol species. Analysis of.a size-segregated
aerosol sample provides chemical compositidn &ata as avfunétion of
aerosol diameter. This information would be invaluable in the modeling
of the mechanisms of aérosol_formation. Fﬁrthermore, to ensure that
these data are as representative as possible, the phfsi;al and chemical
manipulation Qf the collected aerosol must be minimized.

Trace sulfate analyses can be accémplished in sucﬁ a fashion by
siZe—segregating with a céscade impacfof and anal&zing the collected
aerosol by flash volatilization and flame photometric detection. The
object of this thesis was to build such a flash-volatilization system;
The system must provide reliable and reproducible size-segregated

sulfate analyses,



CHAPTER 2
HISTORICAL REVIEW

While an exhaustive review of all methods for sulfate determina-
tion is beyond the scope of this work, a brief overview of.sulfate
analysis is presented.

Extensive listings of all the techniques exist elsewhere
(Bergman, 1976; Hoffer and Kothny, 1974), and the methods presented here
were chosen for either their historical, present, or potential contribu-

 tions to trace sulfate analysis of atmospheric aerosols.

Sampling

The sampling of an aerosol may be carried out continuously in
time or as a batch pfocess.: Because the level of ambient sulfate is so
low (usually less than 25 ug/mz), the collection of representative aif
samples requires a batch concentrating process. Two methods currently
exist for aerosol collection: filtration and impaction.

The use of any type of filter medium must be preceded by a study
of its collection efficiency, inertness, and blank value. The collec-
tion efficiencies of most filters approach 100 ﬁercent and are easily
verified using an optical particle counfer or an electrical aerosol
anélyzer (John and Reischel, 1978). “The blank sulfate value of certain
filters, especially glass fiber filters, are high, but numerous prepara-
tion techniques are available (Lee and Wagman, 1966; Gandrud and

5



6
Lazarus, 1972; Forrest and Newman, 1973). Special concern must be paid
to the possible spurious formation of sulfa;e by the absorption and
oxidation of 802. The problem is well-documented andrhas been related
to the presence of alkaline sites on the filter tForrest'and Newman,
1973; Pierson, Hammerle, and Brachaczek, 1976). Further pretreatment of
the filters using acid washings and oven heating will remove these
alkaline sites (Forrest and Newman, 1973; Tanner, Cedarwall et al.,
1977).. Additional sulfates may be formed by the collected aerosol.
According to Newman (1978j, Noll successfully demonstrated this by a
single experiment (Noll et al., 1978)7 An aerosol sample which had been
collected in an SOZ—denuded alr stream was compared with an SOz/sulfate
sample. The latter provéd to have a marked increase in the amount of
sulfate. The use of membrane filters, especially Teflon, prevents any
spurious sulfate forﬁation. These filters are limifed, however, by the
low flow rates required.

The second discrete method of sampling is inertial impaction.
Impaction provides chemical composition information as a function of
size‘(Cunhingham, Johnson; and Yang, 1974). The problems associated
with the bounce-off and sticking of aerosol particles can be avoided by
the proper choice of substrate (Cahill, 1979a). An additional problem

often associated with impaction ié the difficulty in analyzing ther
after-filter with the analysis technique used on the impéction plates.
The lowest size cut-off for standard impactors is approximately 0.3

microns, but low-pressure impactors capable of size-segregating the



lower accumulation mode aerosols are currently being tested (Herring,

Flagan, and Friedlander, 1978).

Wet Chemistry

The oldest approach to the analysis of aerosol sulfates is the
use of classical wet chemistry methods. All wet chemistry techniques
can be thought of as three-step processes with many possible variations -

at each step. The diagram below illustrates the pathways:

EXTRACTION

TITRATION PRECIPITATION PYROLYSIS

|

OPTICAL ANALYSIS

The extraction of the sulfates from_the collection medium may be ;arried
6ut with water, or by speciatién with isopropanol or benzaldehyde
(Askne, Brosset, and Ferm, 1973; Brosset, 1975; Leahy et al., 1975).

The selective removal has only recently been refined with analysis based
on'specific ions éuch as’suifate or ammonium, and total acidity (as
HZSO4). The optical analysis includes both the discriminating human eye
or the more modern electronic instruments. A wide variety of optical
instruments has been utilized to make turbidimetric (Huey, 1965;
Intersociety Committee, 1971; Coleman et.al., 1972), coulometric (Ludwig
and Robinson, 1965), spectrophotometric (Lazarus, Loraﬁge, and  Lodge,

1968; Bertolacini and Barney, 1957; Schafer, 1967; Fritz and Yamamura,

1955), nepheldmetric (Stephen, 1970; Martin and Stephen, 1967), and



flame-photometric (Tanner, Garber, and Newman, 1977; Husar, Husar, and
Stubits, 1975) measurements of sulfate concentration.

Even though some of the titrimetric methods were forerunners of
the other two classes of wet chemical techniques, many new methods and
variations of older methods are still forthcoming. All of the earliest
titrimetric techniques utilized a dilute source of barium ion, some
color indicator, and a visual comparisbn of the sample to a reference
cell. The most common source of barium ion was barium chloride but
other barium donors have been used (Fritz and Yamamura, 1955; Budesinsky
and Krumlova, 1967). Thorin [I-(O—(Arsonophenylazd—2-napthol—3,6-
disulphonic acid] was chosen most often as the color indicator, but a
wide variety of indicators are available (Rodes, 1974). A variation of
the above method was.the analysis based on a more easily determined
anion bound to barium with sulfate ion (Klockow and Ronicke, 1973;
Schafer, 1967; Gales, Kaylor, and Longbottom, 1968). The reverse of
this method of analysis is based on adding the barium ion attached to a
dye and colorimetrically determining the amount of released dye (Héffer .

and Kothny, 1974).

'BA - dye + S0, b BASO, + dye

Newer titrimetric methods exploit variations of older tech-
niques, such as the Gran (1952) equivalence point determination to find
the precise amount of solute required to completely precipitate the sul-

fate (Askne et al., 1973; Tanner, Cedarwall et al.,'1977).



The precipitation of highly insoluble sulfate species from the
aqueous extract can be optically measured by turbidimetry or
nephelometry. These methods, based on the light scattering capabilities
of the colloidal precipitate, wére the forerunners of the precipitaﬁibn
group (Huey, 1965; Intersociety Committee, 1971; Coleman etbal., 1972).
The precipitation was enhanced by a barium ion donor or other solutes
which readily preéipitate sulfate species.

One of the more‘recent methods combines the sample extraction
with flash pyrolysig. Here, a flame photometpic detector méasures the
quantity of sulfate (Tanner,'Garber and Newman, 1977; Husar et al.,
1975).

The shortcomings of the wet éhemistry approach to amalysis, such
55 obscuring reactions in the extraction process, and large sample size

requirements, have led to the development of new analysis methods..These

new techniques do not require as much chemical or physical manipulation.

X~Ray Flubrescence

Using this technique, a collected sample is bombarded with
X~-rays, protons, or chafged particles and the resulting fluorescence is:
proportional to the amount of that element which is preseﬁt. This tech-
nique, unlike the wet chemical methods, does not analyze specifically
for sulfate but for any elemenf of interest. The technidue is based on
the collection of all secondary fluorescence within a given solid angle
and a plot of the number of pulsés versus energy of\the:pulse is con-
structed (Giaugue et al., 1973). Hence; a quantitative as well as

qualitative analysis is possible. -
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The sensitivities possible with high-energy alpha particle
excitation are in the tens of ppm range, while excitation by low-energy
proton or transmission tube x-rays are in the ppb range CCooper, 1973).
High-energy alpha particle excitation is, therefore, not competitive.

' The x-ray and proton induced methods are fast, cover a broad range, are
absolute, subject té automation, and well-suited to samples whose areas
are a few square millimeters,.and thickhess of lmg/cm2 (approximately
10 uym). A uniform sample layer is desirable but unnecessary with the
use of a uniform proton beam (Nelson, 1977).

X-ray induced, x—ra} fluorescence precedea the proton induced
method. Much of_the early data from this technique came from aerosol
studies in the St. Louis region by Dzubay and Stevens (1973, 1975).

Recently, proton induced x-ray emission (PIXE) has been used
because of the lower bremsstrahlung background and a highei X-ray pro-
duction cross-section (Lockmﬁliér, Galbraith, and Walter, 1974). The
PIXE method has demonstrated good agreement (approximately 4%) with more
specific methods, such as flash volatilization-flame photometric detec-
tion (Cahill, 1979b) and ion-chromatography (Cahill, 1979b; Cooper,
1973; Stevens et al., 1978).

The calibration of the x-ray fluorescence technique is a diffi-
cult step due to the small number of standards of know elemental compo-
sition in discs of known thickness in an appropriate matrix (Tanner and

Newman, 1976).
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ESCA

Electron Spectroscopy for Elemental Analysis'(ESCA); or X-ray -
photoelectron spectroscopy, as its name impiies, is another elemental
analysis. technique. Its earliest uses were for determining the chemical
states in molecuies (Hollander and Jolly, 1970). Novakov (1973) was the
first to demonstrate its utilization in the analysis of atmospheric
aefosols.

The technique is based on irradiating a sample with monoenergetic
x~rays and measuring the kinetic energy of the subseQuent expelled
phdtoeleétrons. The kinetic energy, KE,'Qf a photoelectron expelled

from a subshell i is given by

KE = hv - E,
1

whefe hv is the x-ray photon energy and Ei is the bindi@g energy of an
electron in the Subsheli i tNewman, 1978). If the photon energy is
known, and the kinetic energy can be measured, the binding energy of the
electrén can be computed.‘ The electron binding energies are charac;
teristic for each element.

Calibration is accomplished by tesfing reference compounds with
the appfopriate cation, since the measurements refiect the net core
charges and not the specific compounds (Newman, 1978).

Since the monoenergetic x-rays which irradiate the sample are of
a low energy form, the penetration depths in ESCA are oﬁ the ordér of a -
few tens of angstroms. Thus, ESCA is particularly advantageous for sur-

face studies, but is handicapped for nonhomogeneous sample analysis
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(Tanner and Newman, 1976). This could cause problems in aerosol
analysis, where the surface of an aerosol sample may not be fepresenta—
tive of the entire sample and% hence, certain minor constituents become
over-emphasized. Also, the relative concentration of individual species
requires special attention during analysis.

Novakov et al. (1976), however, have used the technique on
ambient éerosol samples éollected in West CoVina, California, and
St. Louis, Missouri. Their results agreed with others nationwide and
locally, and showed that ammonium sulfate accounted for the entire
ammonium and sulfate content of the sample.

The uniqueness and potential of this new method rests in its
ability to analyze aerosol samples without chemigal or physical

manipulation.

Flame Photometric Detection

Flame Photometric Detection (FPD) has become one of'the most
viable analysis techniques for total aerosol sulfur. The FPD is based
on the measurement of the 1ight intensity at 394 nﬁ when an aerosol
sample chemiluminesces in a>hyperventilated (reducing) hydrogen flame.
The chemiluminescence is exponentially prbportional to the quantity of

sulfur entering the flame;

I« [S]"

where n is approximately 1.8 (Eckhardt, Denton, and Moyers, 1975).
Several different schemes, both discrete and continuous, have

been adapted to FPD use. Crider et al. (1969) were the first to use the -
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FPD by injecting a nebulized aqueous sample into the flame. A second
scheme flgsh volatilizes a collected sample by capacitor discharge.
This may be done, as mentioned in the wet chemistry section, by
extracting the sample from a filter and volatilizing a small drop of the
extract (Husar et al., 1975; Tanner‘et ai.,.1977b). An alternative is
to vapo}ize a sample collected on a stainless steel strip by impaction
{(Roberts and Friedlander, 1976).

Whereas the last two schemes were discrete, coﬁtinuous moni-

toring schemes have also been suggested. A third scheme denudes the.air
stream of H S and SO

2 2°

be detected alone (Huntzicker, Isabelle, and Watson, 1975; Huntzicker

thus permitting the particular sulfur species to

‘and Hoffman, 1978).

| Finally, instead of removing the gaseous sulfur species, a
fourth scheme electrostatically separates the aerosol particles
(Kittléson et al., 1978). The separétion-is done by a pulsed electro-
static precipitator. The reéulting AC signal from the FPD is related to
the aerosol sulfur concentration and the DC signal to the gaseous sulfur
concentration. The AC signal is separated from the DC signal by a phase
and frequency selective lock-in amplifier (Kittleson et al., 1978;

McKenzie et al., 1976).

Laser Raman Spectroscopy

Laser Raman Spectroscopy (LSR) is another analysis technique -
which does not perturb the aerosol sample with physical or chemical
processing. Its potential. lies in its ability to not only quantitatively

measure sulfate but to distinguish between different sulfate species.
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The Raman effect is a consequence of the different stationary
states, vibrational or rotational, of all molecuies. These different
states lead to the creation of a dipole when incident light strikes the
molecule. The molecule either absorbs or‘reflects the light. The
altered frequency of the reflected photons corresponds to the stationary
state and is uniquely characteristic of the chemicél identity and
physical state (gas, liquid, or solid) of the molecular species (Newman,
1978).

Currently, investigative results disagree on the exact value of
the sulfate peaks and the extension of results to other untested species
(Ro;en and Novakov, 1978).

The viability of the technique is depéndent on the production of
a stronger Raman effect, which is notoriousiy weak."The recent use of
iasers has improvéd the detectability of the technique (Cunningham,
Goldberg, and Weiner, 1977; Stafford, Chang, and Kindlmann, 1976).
Hickman and Liang (1973) were able to adqpt a commercial laser for
intracavity molecular scattering experiﬁents. Their 1aser‘techniqge,
100 times more intense than those previouély used, filters out undesired
secondary laser lines. If LRS is to be utilized for ambient sulfate
analysis, these more powerful laser'techniques must be coupled with high
efficiency signél colleétion and processing electronics, multiplex data

acquisition, and fluorescence rejection techniques.

Ion Chromatography o
An ambient aerosol analysis technique which has been readily

validated and accepted is ion chromatography. Ion exchange is a very
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0ld chemical techniﬁue (1850). TIon exchange chromatbgraphy, however,
was inffequently usea because of é high background produced by the
electrolyte used for elution (Mulik et al., 1976). Recently, however, a
technique has been demonstrated which minimizes the background with an
eluant suppressant (Small, Stevens, and Bguman, 1975). ‘The use of
eluant suppression and ion exchange chromatography with conductimetric
detection has produced a selective aerosol analysis technique with é léw
detection limit (0.1 ug/ml) (Mulik et al., 1976). A comparison of x-ray
Vinduced (Cooper, 1973) and proton induced (Stevens.et al., 1978)
x—ray fluorescence with ion chromatography has shown excellent

agreement,

Other Téchniques

Some other analysis techniques that have been used for aerosol
suifate analysis are diffusion processing (Marlow and Tanner, 1976), IR
Spectroscopy (Blanco and McIntyre, 1972; Cunningham and Johnson, 1976),
Thermometric titrimetry (Hansén et al., 1976), Radioactive tracer
(Forrest and Newman, 1977), Gamma Ray Spectroscopy (Macias and Husar,
1976), Micro-Raman Spectroscopy (Etz, Rosaco, and Cunningham,.1977), and
a Vapor Deposited Thin Film Method (Bigg, Ono, and Williams, 1974;

Ayers, 1978).



CHAPTER 3
EXPERIMENTAL APPARATUS

The flash volatilization system is comprised of a volatilization
unit to vaporize the sample, a flame photometric detector to measure the
volatilized sulfate, a recorder/digital voltmeter (DVM) to record the

response, and a calibration system to guarantee correct FPD response.

FPD
A Meloy Flame Photometric Detector (SA 285) was used for detec-
tion of the aerosol sulfate. The FPD is based'on the chemiluminescence
‘of sulfur species in a reducing hydrogen flame. The flame converts sul-

fur species to an S, species. The 52 species react with hydrogen or

2

hydroxyl radicals to form excited S species, molecular hydrogen, and

2

water, respectively:

v

*H + *H + 52 - SZ* + H2

oH + -OH + S, > Sy* + H0

These reactions occur external and adjacent to the flame reaction zone.
A broad band of radiant light with maximum intensity at 394 nm is

released when the excited S, species descends to its lower energy state.

2

The intensity of the emission is expomentially proportional to the

16
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quantity of sulfur entering the flame, where n is approximately equal to

1.8 (Eckhardt et al., 1975):

I=[s]"

The Meloy FPD contans an exponential linearizer which providgs a
linear output signal of the sulfur concentration.

Sample air is drawn into the FPD by a vacuum pump located down-
stream of the burner chamber.  Hydrogen is provided under a slight
pressure by a cylinder. All flows are carefully controlléd and regu-
lated to provide a stable flow to the burner tip. The background light
produéed by the flame is minimized by the burner tip. The burner
block's temperature is carefully regulated to give a consistent flame
emission. The chemiluminescent emission is further filtered by a 395 nm
narrow-band pass filter to improve emission specificity. The emission
produces a current in a photomultiplier tube (PMT), which is converted
to a voltage by an electrometer amplifier, The voltagé produced is '
lineafized and used as instrument output. The PMT is shielded from out-
side interferences by electromagnetic and electrostatic shieldi;é,.
thermal control, and a highly regulated high voltage supply (Meloyb
Laboratories, 1977).

The F?D operating manual states (page V-12) that the unit may be
shut down for short periods of time by.tﬁrning off the hydrogen. The
electronics are left on. It also states that the entire opefation can
be shut down for' longer periods of time with quick, on-line éotential

possible. . By personal experience and communication with Meloy
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Industries, both of these statements were erroﬁeous. The burner block
temperéture ﬁust remain at 154°C in order for the calibfation to hold.
To do this, the hydrogen flame must always be 1lit. A continuous method
of supplying hydrogen to the FPD without downtime was arranged
(Figure 3.1). The manual recommends a hydrogen pressure of 45 PSIG.‘
Experimentation, communication with Meloy Labs, and advice from
J. G. Eckhardt of the University of Arizona Analytical Center resulted
in the hydrogen being maintained at 49 (£ 1) PSIG. The optimization bf
the hydrogen flow is critical for proper FPD response (Eckhardt et al.,
1975). It was felt that 49 PSIG would be closer to the optimum oper-
ating pressuré. The 45 recommended was the minimum operating pressure.
Careful monitoring of all gases that enter the burner chamber
will minimize the necessity to cleaﬁ the burner block, and to wait for
FPD equilibration as a result of the loss of sensitivity from a fouled
burner tip. To ensure the purity of the hydrogen used for the flaﬁe, a
2 micron, in-line filter (Nupro, B-2F-2) is positioned between the
cylinders and the FPD. Of greater concern is the volatilized sample,
which must also be filtered. The stainless steel strips occasionally
snaﬁ, incinerafe, or volatilize smali pie;es of metal. .To prevent these
metal particles from entéring the.unit, a pre-FPD filter is utilized.
The pre-FPD filter is composed of a Millipore filter holder (MAWG 037 AO)
~with a Teflon filter (Millipore LS WP 037 00).
All sample tubes leading to the FPD are Teflon with occasional
glass joints. This arrangement mihimizes the absorption of the vola-

tilized sulfur onto surfaces.. In addition, the. length of these sample .
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lines is minimized to ensure as low a pressure drop as possible. The
minimization of this pressure drop is related to the calibration of the
instrument (see discussion section). The total length éf the sampling
tube, from the calibration mixing reserQoir, through the vaporization
chamber, and to the FPD, is 37 centimeters._

Potential leaks, caused by the metal expansion in the burner
block, are prevented by silicone sealaht around the Teflon tube where it

enters a Swagelok nut.

Recorder/DVM

The output of the FPD is registered on a digital voltmeter (DVM)
and a strip-chart recorder. The DVM (Cimron Model 6652) provides
accurate, instéﬁtaneous readings of a calibration or baseline concentra-
tion. The reéorder is a two-pen, integrating type (Houston Instrument
Omni;cribe), which provides long-range trends for calibration purposes
and quantitative measurements of the FPD output produced by a volatilized
sample. The two are linked in series to either the 100 millivolt or lOv

volt, full-scale output of the FPD.

Calibration System

The calibration of the FPD required a system which would:
1. Cover a wide range of 802 concentrations (<10 PPB - 450 PPB SOZ).
2. Have an accuracy of * 2 percent.
3. Have reproducible concentrations.

4. Require a minimum of attention.
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The system devised is a low-flow/diluent stream system based on the

permeation of SO, from an AID (Analytical Instrument Development) per-

2
meation vial (Figure 3.2).
The permeation vial is a 2-1/2-inch long glass cylinder with a

Teflon cap. The liquid SO, comntained in the cylinder permeates through

2
the cap at a set rate of 313 nanbgrams per minute, when kept at a con-
stant temperature of 30.0°C. The permeation .rate is very temperature-
sensitive, A 0.1°C change in vial temperature corrésponds approximately
to a 1% change in the pefmeation rate. A water bath (Neslab Excal EX
200) maintains the temperature of the vial at 30.0°C. The concentration
of the gas stream is varied by a change in the carrier gas flow rate.
The quantity of glass tubing required to bring 12.6 L/min (10 PPB 302')
of air to 30.0°C would be prohibitive. Therefore, a low-flow/diluent |
stream system was chosen. The low flow, 0.1 L/min, is easily warmed to
30.0°C with a minimum of tubing‘(sée Appendix D for heat transfer cal-
culatiohs). The low-flow air stream originates at an air cylinder and>
passes through a low-flow controller with an upstream pressure of

50 PSIG. Upon leaying the controller, the air passes through a bubble
tube for flow measurement and then four types of filter media. The
filters are, in order: glass wool, a drying agent (Drierife, 8 mesh),

a molecular sieve (Supelco, 2-0298) in a test—tﬁbe type holder, and a
S-micron Teflon filter (Millipore, LS WP 037 00) in a Millipore holder
(MAWG 037 AQ). The air then passes down into a specially designed vial
holder, built by Don Pettit (Department of Chemical Engineering, Uni&er-

sity of Arizona), where it comes to temperature and picks up the SOZf
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The diluent stream covers a very wide range of flow rates and
requires special care in flow measurement. The diluent originates with
a Speedaire pump (2A866).

Next in line is a reservoir for damping pulses from the pump and
bleeding-off any excess air. A needle valve then regulates the flow
upstream of a series of filters. The filters are arranged in a test—
tube type filter holder (same as above), and a Millipore filter holder
containing a 5-micron filter (MSA FWS-B; PVC). The flow rate is
measuréd with a series of interchangeable rotameters known as the
Matheson Tube-Cubes (Nos. 602-605). Each Tube-Cube contains a glass and
stainless steel bgllzaﬁd is essentialiy two rotameters in one. The set
of four Tube;Cubes covers a wide range of flows (0.075—tor30.0 L/min),
with some overlap between any two adjacent Tube-Cubes. The flow then
passes- through a Swagelok ”T” before joining the SOz-laden; low-f}ow
stream and entering into the calibration mixing reservoir (volume =
1.2 L). The "T" provides a convenient means of pressure measurement
after the rotameter. The 802-1aden gas stream impiﬁges onto the back of
the calibration mixing reservoir (CMR) to enhance the mixing. The
reservoir has.two exhaust ports and a'sampling port. Two exhaust ports
-are requiréed to maintain a near-atmospheric pressure at high flow rates.
A very slight positive pressure, maximﬁm of 1/2 inch water, prevents
dilution of the reservoir concentration from outside sources. The
pressure is monitored by a manometer. A 1/8 inch Teflon tube extends

into the CMR and leads to the FPD via the volatilization chamber.
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Calibration of the FPD also requires a source of SOz-free air.
A mounted test-tube type filter holder (packed as previously described)

and a pre-FPD, 5-micron Teflon filter in a Millipore filter holder pro-

vide an SOZ—denuded alr strean.

Vaporization Unit

The vaporizétion.unit (flasher) had several design criteria
associated with it. The unit had to be:

1. Capable of insfantaneously heating a thin strip to white heat.

2. Capable of slowly heating a small (1 uL) droplet of dilute sul-

fate solution, without driving off the sulfaté.
3. Capable of reproducible results.
4. Reliable.
5. Easy to use and maintain,

6. Compact.
The vaporization unit built encompasses all these objectives. It con-
sists of two simple circuits, a bank of capacitors, a vaporization
chamber, and a spring mechanism for loading the strips.

The two circuits operate from a single standard (120 VAC, 60 HZ)
wall outlet. The first circuit controls the slow, resistance heating of
the strip; and the second circuit 1s responsible for the charging and
discharging of the capacitors through the strip (i.e,, prbducing
instantaneoﬁs white heat). They may be used jointly 6r independently
(Figgre 3.3). )

The resistance heating circuit begins'at the AC toggle switch.-

" A transformer and rectifier act to set the voltagé at 6.4 VDC. The low
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voltage ensures a small current thfough‘the strip; hence, slow heating.
A 1 ohm variable resistor.further cuts down the line éurrent before
passing through the strip.

The capacitor circuit allows for rapid charging and discharging
of the voltage through the strip. After passing through its own AC
toggle switch, the voltage is adjusted to 12.8 VDC by a transformer and
rectifier. The higher voltage produées a high surge of current through
the strip, heating it more quickly. A safety switch located between the
AC source and the capacitors prevents continuous capacitor charging.
Capacitors can be added or removed depending on the intensity of the
flash desired. The optimal capacitance varies between 0.156 and 0.195
farads. A multiple—contact; two-position switch, the ”central” switch,
controls the capacitor dischargé (Figure 3.4). In ome pogitibn,
"RH/OFF," there is no current through the strip or, if the resistance
circuit toggle switch is "ON," the strip is being resistance-heated. 1In
the second "DISCHARGE" position, the capacitors are discharged. Heavy
8 gauge .wire is reqﬁired for thé high sufge of current from the
capacitors to the posts holding the strip.

The vaporization chamber seals the spring-loaded strip from

ambient air, while allowing a low PPB SO, carrier gas to enter from the

2
bottom, pass around the strip, and exit from the top of the dome
(Figure 3.5). The chamber prevents outside interferences with an
"O"-ring seal (2 inches 0.D.) around the base of the'dome. The chamber

platform is polyethylene. The carrier gas, which originates in the

calibration mixing reservoir, passes by means of a continuous 1/8-inch -
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Teflon tube through é bored-out bulkhead fitting, and up into the
vaporizaton chamber. Silicone sealant around the Teflon tube (where it
enters the vaporization chamber) also prevemnts ambient interferences;
The carrier gas exits from the top of the domé where it is friction-fit
with Tygon tubing and silicone sealant to prevent leaks,

Before any vapdrization efficiency test or sampling of aerosols,
the stainless steel strips are specially prepared to reduce_backgroﬁnd
sulfate. This special treatment includes two hours in a sonic bath with
water, followed by two hours in an oven at 900°C (see Appendix C for
additional methods tried).

Once in the chamber itself, the strip is squeezed tightly at
both ends by two 5/8-inch washers positioned concentrically on 1l-inch
high posts. The washers are pushed togefher by a nut above, and a
spring below the washers. To.minimize absorptive surfaces, all materials
except the springs are stainless steel. To piace or rémove a sample
strip, a four-pronged spring depresser latches onto eyelets soldered to

the lower side of the bottom washer.

Operation
The operation and use of the flash volatilization system was
quick and simple if certain guidelinés (further outlined in Appendix A)
wefe followed.
The FPD was allowed to equilibrate for about four days before a
calibration would remain steady and its use was possible. The calibra--
tion of the instrument was done at upper and lower concentrations of 450

and 0 PPB 802, respectively. The diluent flow was set such that a
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concentration of 450 PPB SO, was predicted in the CMR. To saturate all

2
componenfs of the vaporization chamber, a water aspirator was attached
to the sample tube. While this was taking place, the FPD was pulling
pure air from the zero PPB source. The ''zero" knob was adjusted such
that a steady concentration of 0.0 (+ 2.5) PPB SO2 was recorded. The
pure air line was removed and the sample tube from the vaporization
chamber was attached. Once it had equilibrated, the "SPAN" knob was
adjusted until the CMR concentration [450 (x 5) PPB SOZ] was evident on
the DVM. |

The zero source was reconnected and, if necessary,-the Zexro
adjustments repeated. This switching back and forth was continued Untiiv
no further adjustments for the '"ZERO" or "SPAN" knobs was required.

“ Once this had occurred, the pure air was attached and the CMR concen-
trator was set to 10 PPB SOZ' To expedite the degassing of the vola-
tilization chamber, the water aspirator was attached and allowed to pull
the low PPB 802 gas stream through the dome.

The unit was then ready for a detection efficienqy test or an
unknown sample. va a detéction efficiency test was desired, a prepared
stainless steel strip was spring-loaded between the posts by means of
the spring depresser and a pair of tweezers. A droplet (1 uL maximum)
of dilute sulfate solution or water was placed onto the strip. The dome
was replaced and the sample line attached to the FPD. The sample was
allowed to evaporate while waiting fop the baseline to equilibrate --

approximately 5 minutes. The desired FPD range was chosen. To charge

the capacitors, the AC toggle switch for the capacitors was turned on.
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The central s@itch was in the "RH/OFF'" position and the AC toggle switch
for the resistance heater was off. The safety switch was turned on for
five seconds. The capacitors were cﬁarged at this poiﬁt. The central
switch was then flipped to the "DISCHARGE" position and the flash
occurred. The FPD response was recorded by the two-pen, integrating
reéorder. The curve was allowed to descent to its original baseliné
before a second flash was done. The range switch was changed to the
50 PPB position for the second flash and the entire flashing operation
_repeated.

An unknown sample is flashed in the same manner. The only

difference is that a droplet is not placed on the strip and allowed to

o
evaporate.



CHAPTER 4
DISCUSSION OF RESULTS

In the introduction, the charaéteristics and detrimental effects
of antropogenic atmospheric aerosols were discussed. Years of
scientific investigation ied to the conclusion that atmospheric sulfates
are one of the major contributors to the many adverse effects liéfed
theré. The necessity for further research into thé "accumulation ﬁode”
aerosols ié apparent, particularly with regard to the chemical composi-
tion of the size-segregated aerosol sampie. The physical and chemical
manipulation of an impaction—colleéted aerosol sample can be minimized
by collecting the sample on a stéihless steel strip, "exXtracting' the
sample from the strip by flash wolatilization, and analyzing the
collected aerosol for sulfate with a flame photomeﬁric detector.

The flash volatilization system built incorporates a flame
photometric detectof and volatilization unit, as weil as calibration
system for the FPD. The process of arriving at a final deéign model
involved many repetitive.steps. Before presenting the final design and
the resultant data, a brief description of the many changes leading to
this model is in order.

- Initially, when the Meloy Flame Photometric Deteqtor,ar?ived,
the accompanying manual was followed to the letter. Experience and

personal communication with some of the engineers at Meloy (George

32
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Laufer, Dr. H. Stall) led to various operating procedural changes. The
first of these was that the FPD waS'néver turned off, except to clean
the burner block. The on-off operationrwhich was originally practiced
prevented equilibrétion of the FPD and the establishmenf of a steady
calibration. The operating manual also stated that the hydrogen oper-
ating pressure should be 45 PSIG. The Meloy engineers claimed later
that this shouid be the minimum operating pressure and recommended a
pressure setting of approximately 50 PSIG. The hydrogen pressure was
:then maintained at 49 PSIG. While keeping in mind the work of Eckhardt
et al. (1975) concerning FPD flame obtimization, an'experiment was done
to discover how sensitive the Meloy FPD (Model SA285) was to the flow
and/or ?ressure setting of the hydrogen. The results (Figure 4.1)
support the earlier work of Eckhard et al. by demonstrafing that opera-
tion at the optimum hydrogen flow increases the FPD sensitivity. Within
a given range, the FPD was insensitive to the pressure setting,'

The calibration system originally designed needed few modifica-
tions. Some componénts of the sysfem had to be replaced with more
accurate equipment because of the sensitivity of the FPD. The constant.
temperature bath used originally had an on/off instead of proportional
controller; Figure 4.2 iilustrates the quick response of the permeation
vial (e.g., FPD) to the jump ih temperature. The Neslab (Excal EX200)
then maintaine& the temperature at 30.0 (+ 0.05) °C with a proportional
controlier. Another improvement was the purchase of a wider flow range
of Matheson Tube-Cubes for diluent flow ﬁeasurement. Current calibra-

tion data using tubes 602 through 605 and former data using only 603
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and 604 show marked differences in their linearity above a predicted
conéentration of 180 PPB SOZ'

The maintenance of a slight positive pressure withiﬁ the mixing
reservoir prévents any ambient dilqtion of the calibration gas. If this
positive pressure is greater than 25 mm of water, however, the FPD
response 1s high. A positive pressure of 70 mm of water in the mixing
reservoir corresponds to an inflated FPD response of 3 percent.

Recehtly, the calibration system was dismantled, transported to
the Pima County Health Department's Air Pollution Lab, and reassembled
-there. The purpose of the trip was to trouble-shoot a recovery problem.
A Meloy 802 Analyzer (Model SA-185-2) was used to cross check the output
of the calibration system used in this work. The Pima County analyzer
was only calibrated for use up to 100 PPB SOQ.' Th¢ results show
excellent agreement between the Pima County analyzer and the system
built here (Figure 4.3). The slope of 0.97 rather than 1.0 is linked
to the Pima County FPD. Examining their past calibration data indicated
that low recoveries at points closé to 100 PPB SOé wefe common.

In the ekperimental apparatus section; the design prerequisites
for the volatilization unit were discussed in detail. The volatiliza-
tion chamber's volume and absorptive surface area were minimized as much |
as .-possible. However, the metal in the chamber, and especially the
pre-FPD filter holder, provides a potential sink to the volatilized sul-
fate. The influence of the pre-FPD filter holder can be minimized, and

the metal surfaces lessened, if a low-PPB 802 gas stream is used to keep
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the components saturated. This low Soz,concentration gaé.stream is used
as a baseline and, carrier gas for the volatilized samples.

The length of the sampling tube’is critiéal from the calibration
mixing reservoir, through the flasher dome, and on to the FPD. If the

pressure drop is too high, greater than 60 mm H,O, the calibration is

2
easily thrown off. ‘A high pressure drop also sends pressure pulses
through the FPD upon connection or detachment of the sample or pure air
lines. This pressure pulse éxtinguishes the flame, which, when
reignited, requires an additionél 40 minutes to establish the baseline.
Before this large preésure dependence was known, the FPD had been cali-
brated by directly drawing the 802 calibration air from the calibration
mixing reservoir (CMR). After multiple flashes for a number of samples,
the calibration was checked at a predicted concentration of 457 PPB 802
by two different methods. The results show a large discrepancy between
the two calibration methods chosen (Table 4.1). The pressure drop of
10 mm of water was apparently enough to reduce the sensitivity of thev

FPD by 13.3 percent. After this discovery, the FPD was always cali-

brated via the flasher.

Table 4.1 Effect of Pressure Drop on Measured Concentration.

Method CMR-FPD CMR-Flasher-FPD
Predicted SO, concentration (PPB) 457 ‘ 457
Measured SOZ'concentration (PPB) 476 415
Pressure drop.along sampling.tube 30 mm H,O 40 mm H20

2
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The strips used to collect the aerosol samples were 0.001 in.
thick, type 302, full-hard stainless steel (5 mm X 25 mm), manufactured |
by Delvko Metal Products. Various methods of cleaning the-strips were
tried (Appendix C), and the method finally adapted involved a 2-hour
sonic bath in distilled water, followed by 2 hours of heating at 900°C.
The sulfate background values for a strip treated in this way for a
blank strip and a strip with 0.7 microliters of water are summarized in
Table 4.2.

To ensure the volatilization of all the sulfate, at least one
extra flash was done for each sample. An average of 94 percent of the
detectable sulfate was captured on the first flash. Furthermore, with ,
multiple flashes for a single sample, it became apparent that the-pulsé
of strip-heated air was eliciting a response from the FPD (Figure 4.4).
The existence oﬁ the “heat flash" was further proVen by placing a clean
strip in the volatilization chamber and turning on the resistance
heater. The FPD output soon indicated huge quantities of sulfur, which
were known not to exist. The average size of this '"heat flash'" in

terms of perceived sulfate was 16.3 (+ 13.0) manograms.

Table 4.2 Background Sulfate on Blanks.

Strip Mean NG Sulfate
Empty 7.91 (£ 2.3)
0.7 uL H.0 13.0 (¢ 11.1)

2
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The ability of the flasher to quickly evaporate an aqueous
sample of.a dilute sulfate witﬁ the resistance heater was a design
prerequisite. However, due to the interaction of the evaporated water

vapor and the background SO, carrier gas, the resistance heater is no

2
longer used. The water vapor, which is probably caught byvthé pre-FPD
filter, absorbs the SOZ, causing a momentary dip in the baseline

(Figure 4.5).

Volatilized metal particles are especialiy harmful to the FPD,
due to the damage they might inflict on the burner tip. The snappingror~
incineratiqn of the strip should, therefore, be avoided whenever
possible. The volatilized metal particles are caught in the pre-FPD
- filter. When a large number of pafticles are volatilized, such as after

a strip has snapped, those particle caught in the filter absorb the.SO2
and cause a drop in the baseline (Figure 4.6). Some of the particles
still penetrate the 5-micron Teflon filter and cause a momentary fouling
of the FPD fesponse.

| Afﬁer the system's linearity and reproducibility were estab-
lished, fhe system was modified in an attempt to increase the recovery.
The posts and washers which were originally copper were exchanged for
stainless steel.l The dome was modified to have an inner dome which
would descend to just above the strip. It was thought that the less
conductive stainless steel would require a large increase in the capaci-
tance needed to achieve a near-white heat in the strip.- However, testS»
demonstrated the controliing resistance to be in the strip.(Pigure'4.7).

The stainless steel washers gave a much firmer contact than the softer
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coéper and, as a result, the optimum amount of capacitance remained in
the 0.156 to 0.195 farad range.

The results of all flashes done to date, in the»form of raw data
and computed results, are in Appendices F and G. The data are grouped
into subsets defined by iterations in the design of the flasher or the
experimental te;ﬁnique. | |

The first set includes flash numbers 1 through 526. Although
these data points were valuable from the standpoint of system design and
modification, none of them could be used in the final test of the
system's efficiency. Since, during that period, the FPD calibration was
not checked periodically, a gradual decline in the,calibration curve
went. unnoticed. The calibration check carried out on November 7, 1979,
demonstrated this declining sensitivity of the FPD. Figure 4.8 portrays
the FPD's calibration as it is supposed to look (as it is now) and how
it appeared on November 7th. The slope of 0.6 infersra maximum detec-
tion efficiency possible of 60 percent. Because the rate of decline of
the system's calibration was unknown, no numerical manipulation of the
results could be carried out.

The next set of data includes flashes 531 through 884 and was
the first indication of the system's potential as an analytical tool for
aerosol studiesk Three sulfates -- ((NH4)ZSO4, HZSO4, and KZSO4 -- are
presented in Figure 4.9. The correlation coefficient, R2, quantifies
the ability and dependability of the FPD/flaéher system to measure pre-
| dicted results. An R2 equal to 1.0 is a perfect correlation. The

correlation coefficient for Figure 4.9, 0.902, is an acceptable
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correlation for the flashing system. An e#amination of the individual
cofrelation coefficients for the three sulfates tested reveals the
source of this rather low overall R2 (Table 4.3). The R2 for ammoniumm
sulfate (0.844) is considerably lower than that seen for either HZSO4
(0.961) or K2804 (0.973). There are several reasons for the low
ammonium sulfate correlation coefficient. In the early part of this
data set, a ''reference' flash, usually the same concentration, was done
at the beginning of each day. .Due to possible saturation differences in
the pre-FPD filter and the volatilization chamber from long periods of
disuse, these results are somewhat misleading. The o?erating of the
unit now calls for discarding the first flash. Another possible reason
for the poor ammonium sulfate correlation cdefficient was that many of
the (NH4)2504 flashes were done early on in fhe development of é fepro;
ducible analytical technique and may, therefore, be less reliable.

The closely relafed average recoveries (Table 4.4) for the three
sulfates imply a non-specific nature for the method. However, due to
widely varying intercepts in the linear least-squares fit, the slopes
obtained by these fits for the individual sulfate types (Figures 4.10,
4.11, and 4.12) range from 0.28 to 0.36. It is felt that such a varia-
tion is well within experimental error.

Shortly after flash number 884, the pre-FPD Teflon filter was -

ALY
exchanged for a new fiiter. After this change, the recovery improved
significantly. At that timé, it was thought that the effects of a
strip's snapping, incineration, or metal. particle volatilization had

been sufficient enough to suppress the recovery by fouling the filter.



Table 4.3 Flashes 531-884, Statistics.

Sulfate R2 M (Slope) B (Intercept)
(NH4)ZSO4 0.844 0.34 -4.60
HZSO4 0.961 0.28 3.97
K2'SO4 0.973 0.36 .- 0.46
Overall 0.902 0.31 2.36

Table 4.4 Flashes 531-884, Mean Fraction of

Recovery.
No. of Mean Recovery
Sulfate Points (Fraction) Slope
(NH4)ZSO4 33 0.319 (£ 0.057) . 0.34
KZSO4 13 0.367 (x 0.046) 0.36
HZSO4 25 0.309 (= 0.047) 0.28

Overall 71 10.323 (+ 0.050) 0.31
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Furthér experimentation, however, has demonstrated this high recovery to
be inconsistent. In fact, the high recovery is shorter lived in its
recurrent fashion than the low recovery values. Due to the "on-off"
-nature of the recovery, it seems unlikely that the filter's replacement
had brought about this abrupt increase in the recovery. A more likely
candidate is some subtle change in the experimental technique, sﬁéh as
the time between calibration and flashing, causing this jump in sulfate
recovery. The possible solution to this problem will be discussed in
more detail later in this section. The experiments continued But;
because of the limited number of data points which were deemed neces-
sary for each experiment, the nature of this two-leveled recovery did
not surface again until much later. The high recovery data set is
represented in Figure 4.13. The correlation coefficient is just
slightly greater than the previous data set; however, the slope and mean
fraction of recovery are significantly greater (Table 4.5).

The mean recoveries are statistically very close; however,’
examination of the indivi&ual sulfates illustrateé.the large discrepancy
in the slopes (Figures 4.14 and 4.15). The veryAhigh slope for the
ammonium sulfate, 0.58, is linked to the large negative intercept. The
negative intércept resulted from the many low recoveries at the lower
concentrations. An examination of the data file reveals that all of
‘these low ammonium sulfate data points were obtained consecutively in a
single time frame. This was the first indication of the "on-off'' nature

of the recovery which varies between approximately 30 and 50 percent.
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Table 4.5 High Recovery Flashes, Mean
Fraction of Recovery.
No. of Mean Fraction.
Sulfate Points of Recovery Slope
(NH,) ,S0, 15 0.464 (+ 0.061)  0.58
K,S0, 7 0.436 (£ 0.050) 0.41
Overall*® 25 0.454 (£ 0.055) 0.53

*Includes three H SO4 points.
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Since this stretch of low recovery points was masked on both sides with
high recoveries, its appeérance was unnoticed at the time.

In order to collect representative aerosol samples with a cas-
" cade impactor, bounce-off errors must be minimized by the use of a sub-
-strate. The substrate used, 3 percent Vaseline in toluene, was applied
by wiping a visible layer onto the strip with a cotton applicator
(Q-Tip). The substrate experiments performed were designed to find the
level of sulfate background and to discover any detection efficiency
side-effects which might result from its presence. The swabbing method
of’application resulted in a background sulfate level of SO.S (= 16.2)
nanograms. The samples with a substrate layer exhibited excellent
agreement as a set (Figure 4.16) and good agreement with the larger set
.of nonsubstrate values (Figure 4.17). The mean fraction of recovery for
~the substrate values corresponded closely to the nonsubstrate values
(Table 4.6).

Design changes in the volatilization chamber produéed no signifi-

cant improvement in sulfate recovery rate. A sharper peak with less

tailing is evident, but no significant improvement in the recovery

Table 4.6 Effect of Substrate on Mean
Fraction of Recovery.

No. of Mean Fraction
Condition Points of Recovery

Samples with
substrate 9 0.449 (* 0.032)

Samples without
substrate - o 25 - 0.454 (£ 0.055)
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occurred. Figure 4.18 illustrates this set of daté collected after the
changes were made. A comparison of this data set with that taken before
the changes were made demonstfates the similarity of the four parameters
of interest (Table 4.7). Due to the limited number of points collected
to date, no conclusions can be drawn from the data on the latest modifi-
cation to the system.

It was at this time, when an effort was made to reinforce the
data set, that the "low-high'" nature of the two plateaus of recovery
became noticeable. As mentioned previously, a high degree of correla-
tion exists between members of each set collected consecutively. The
present characteristics of the system recovery are shown in Figure 4.19.
Thesé 12 points are highly correlated to one another (0.932) and the
mean recovery is 0.316 (+ 0.038). Any attempt to comBine these points
with those of the previous group (prior to system modifications) would
be meaningless.

This problem is directly related to the.larger question of
recovery in general. An independent observer would immediately ask,
”Assumihg you have a closed system, whéfe is the other 50+.percent of
sulfate going?!

The first and most obvious place to.look was the pre-FPD filter.
fhe "filter-less' flashes are summarized in Figure 4.20 and Table 4.8.

The seven "filter-less" flashes were done at different times,
encompassing both high and low recovery stretches. Accounting for the .
amount being held back in the filter still leaves close to 50 percent of

the sulfate unaccounted for.
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Table 4.7 Effect of Volatilization Unit Changes on Statistics.and
Mean Fraction of Recovery.

No. of 2 ) Mean Fraction
Condition Points R b M -of Recovery
Pre-changes 25 0.92 -9.8 0.52  0.454 (£ 0.055)

Post-changes 9 0.95 -13.1 0.50 0.458 (+ 0.078)
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Table 4.8 Comparlson of Low and ngh
Recoveries with Fllterless

Flashes.
No. of Mean Fraction
Condition Points of Recovery
"Filterless" 7 - 0.504 (£ 0.075)
High recovery 9 0.458 (+ 0.078)
Low recovery 12° 0.316 (+ 0.038)

\

A leak of ambient air into the system, if it were large enough,
could significantly dilute the flashed sample, but this would theoreti-
cally have no effect on recovery since the signal is integrated. A
check on thé entire volatilization unit disclosed no leaks. Pdteétial
leaks within the FPD burner block, caused by the loosening of a Swagelok
nut with heating, were eliminated by using sﬁall quantities of silicone
sealant around the Teflon tube where they enter the nut.

The FPD responds well to high FPD gases during calibration.
Therefore, the electronics of the FPD could .not be held accountable for -
- misrepresénting the recovery by producing a faulty signal,

If the Teflon cap of the permeation vial had become partially
blockéd by grease or dirt, the permeation rate would have been below
that quoted by the manufacturer. The low rate would have caused an
"over-calibration,' and the FPD output would have been falsely high.
‘Furtherﬁore, the calibration system was. tested and validated by cross-

checking with the Pima County FPD (Figure.4.3).
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Another possibility for the poor recovery is faulty sténdard
solutions. The three sulfatés tested were made on five different
occasions. Figure 4.19 contains sulfuric acid data points from two
separate original solutions. If the solutions had been mixed incof—
rectly, their presence on a graph containing-proper solution points
would be obvious.

If the volatilization of the éulfate had only partially occurred,
less sulfur would have been available for detection. But, by increasing
the capacitance to 0.225 farads (normally 0.156-0.195) for the third
flash of a sample, the greater peak height was due only to a larger
""heat flash."

A potential problem in the volatiiization chamber which cannot
be tested without major apparatus cha;ges is the absorption of the vola-
tilized sulfate onto the metal posts, nuts, springs,'or washers. If
this were the case, the decision must be made to choose between the eaée
of spring-loading or a maximum detection limit (filterless) of 50%.

This possibility of absorption onto surfaces brings up once
again the two plateaus of recovery and their potential source. An
examination of large numbers of data points for each individual sulfate
dismisses the possibility of the method being sulfate-specific .

(Table 4.9). A possible solution is the existence of a fixed area,
capable of absorption, which is nofmaily saturated. However, due to
some subtle difference in thé experimental technique from déy'tovday,
this fixed.area may occasionally be degassing and lowering the volatili-

zation recovery.  Such an area might be in the pre-FPD filter holder
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Table 4.9 Flashes 531-1000, Mean Fraction
of Recovery.

Mean Fraction

Sglféte No. of Points of Recovery
KZSO4 36 0.392 (£ 0.08)
H,S0, 34 0.367 (+ 0.141)
(NH,) S0, 77 0.406 (+ 0.140)
o1 47 0.395 (¢ 0.125)

with Teflon filter. By this hypothesis, a morning calibration followed
immediately by afternoon flashings would result in higher recoveries
than an evening calibration followed by a long night of degassing and
flashing in the morning. A new filter,-if it were not allowed to
become saturated; would further complicate ﬁhe issue, Recent communica-
tion with S. Herring, formerly of California Institute of Technology and
now at Universiﬁy of California at Los Angeles, has given credehce to
this hypothesis. She stated that the best ﬁre—FPD Teflon filters were
those which had béen nfouled up“ (i.e., well—saturated with 502).
Experiments could ea;ily verify this.

The system is currently in use for aerosol sulfate analysis.
Some questions have arisen over the best sample size to volatilize; that
is, what size of sampie, in nanograms, could maximize the resoluiion of
the output. Considering the background values éan strip spread with a
substrate, the optimum size sample is approximately 500 nanograms of -

b
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sulfate. (See Appendix E for some example aerosol sulfafe loadings and
the time required to run the cascade impactor.)

AFurther iterétions of the design, however, could improve its use
and reproducibility, and lower the sample size (sampling time) required.
The calibration process as it is now done requires several hours. The
gassing and degassing of the volatilization chamber accounts for o0
percent of this time. The calibraﬁion could be done without going |
through fhe chamber, if the pressure drop along the tube leading from
the calibration mixing reservoir to the FPD is equal to the pressure
drop along the sampling tube as it-is now uged (CMR!flasher—FPD).
| The reproducibility could be improved by pinpointing the cause
of the dual recovery question. As it now stands, the reproducibility
within each group is very good. HoWever, a sténdard recovery in the
high 40 percent bracket would be desirable. The operation now requires
a reference flash be done before any unknown samples. This ensures the
operator of the efficiency of the system. The continued saturation of
the current PVC filter holder with Teflon filter or the purchase of a
Teflon filter, which might be more easily kept in a well-saturated
state, mighf eliminate the recovery problem.

‘The maximum recovery of 52 percent is still an anomaly. The
least likely candidaté is'the metal within the dome. Major design modi-
fications would be required for replacement.of the metal posts and a
reduction in the volume of the volatilization chamber,. However, the
system was designed to be modular. The current chamber and its platform

can be removed in five minutes without concern about any of the
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electrical contacts (capacitors to posts or washers to strip) needing
adjustment upon replacement. Various volatilization chambers could be

tried without downtime for aerosol analysis.



CHAPTER 5
SUMMARY AND CONCLUSIONS

The calibration system built to ensure the accuracy of the FPD
output works excellently. The time of calibration could be signifi-
cantly reduced if it could be accdmplished without the fequired gassing
and degassing of the yqlatilization chamber. This reduction_in.calibra—-
tion time can be done by first assuring the equivalence of the pressure
drop of a sampling tubé from the CMR to thé,FPD and the cﬁrrent,CMR—
flasher-FPD sampling tube. The equivalent CMR-FPD line could then
greatly reduce the duration of the calibration procedure.

TheAdata collected from-the flash volatilization system have
been presented in different groups separated by changes in the experi-
mental apparatus, proéedure, or results. The largest data set, fiash :
numbers 531 through 884, demonstrates the linearity and reproducibility
of the technique. Changes in the apparatus designed to improve the
rrecovery of the system, such as using stainless steel instead of copper
in the volatilization chamber and extending the dome to just above the
strip, produced negligible gains'in the recovery. More recent data sets
are confined by stretches of consistently 1owror high recovery, approxi-
mately 30 and 50 percent, respectively. The two levels of'recovery both

contain numerous points and show high correlation within each group. A
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solution to the problem was suggesied in the form of maintaining a well-
saturated pre-FPD filter.

Following the discovery that the maximum level of detection was
.52%, an in-depth investigation.into the fate of the remaining sulfate
was undertaken. The conclusion reached was that_the meta1 within the
volatilization chamber was possibly absorbing the volatilized sulfate.
The choice must be méde between the ease of spring-loading the strip and
a maximum detection efficiency of 52%. If glterations of the present
system are carried out, they may be done concurrently with aerosol
research studies due to the modular nature of the volatilization

chamber.



APPENDIX A
OPERATION

The operation of the flash volatilization system is simple once
the initial set-up has been carried out. It requires a minimum of

maintenance and operational adjustment for continuous operation.

Set-Up Procedure

Bottled Gases

Connect two cylinders of hydrogen, preferably the tall cylinders
to the parallel hydrogen feed:system (Figure 3.1). Two bottles must
alQays be‘attached even though one may be empty, to prevent leaks from
the toggle valves located downstream. Both toggle valves should be in
the closed position.  Attach the quick-connect to its outlet located to
the right of the cylinders. The hydrogen line leads from the quick-
connect to the back of the FPD. Attach the line to the port marked
"Hydrogen." The 1/8-inch 0.D. tﬁbing can be either sﬁainless steel or
’copper. If the hydrogen source is not connected to the hydrogen port,
then the port should be capped with the appropriate Swagelok fitting.

Attach a large gylinder of compressed air to the regulator which
leads to the low-flow controller (Figure 3.1). The tubing connecting -
the regulator and the low-flow controller should be 1/8-inch 0.D, copper

or stainless steel. Set the pfessure to 50 (i 2) PSIG. For a more
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accurate pressure setting, use the pressure gauge located on the front

of the calibration system, rather than the regulator's gauge.

Pneumatic Lines

The sample and zero lines should be 1/8-inch 0.D. Teflon tubing.
Initially, the zero line leads frém a filter holder mounted on the
support rack to the port on the back of the FPD marked "sample
indirect." The ”sémple direct' port should be capped. The Sahple line
must not contain any fittings which may absorb SOz'from the calibration
mixing reservoir to the FPD. It is imperative that the sampling and
zero lines be as short as possible and near the same iength. The
sampling line is actualiy three separafe pieces ofvTeflon tubing. The
first carries the baseline 802 from the calibration.mixiﬁg reéervoir to
the vaporization chamber. This line must penetrate at Iéasﬁ 1/2 inch
into the open space of the mixing reservoir. From the reservoir it
enters the vaporization unit (flasher) on ﬁhe back side whe;e it passes
through a bored-out bulkhead fitting (Figure 3.5). This fitting acts to
secure the tube from being accidentally pulled or.jostled by squeezing
if tightly with the Swagelok ferrules. The tube then comes up through
the bottom of the vaporization chamber where it extends 1/8 inch above
the surface (Figure 3;5). A small amount of silicone sealant about the
tube where it enters the dome prevents leaks. ‘Bersure not to block the
tube.

The second portion of the sampling line extends from the vapori-
zation chamber to the pre-FPD filter holder. It,is friction-fit into

the top of the dome with Tygon tubing. - The pre-FPD filter holder
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(Millipore MAWG 037 AO) contains a 0.5-micron Teflon filter (37 mm, LS
WP 03700). The tube is attached to the filter holder with a Tygon
friction-fit. )
The third piece of thé sample tube leads from the downstream

side of the filter holder to one of the sampling ports on the FPD.

During the set-up and start-up of the system, connect the zero line to
the "sample indirect" port, and leave the sample line unattached.

The copper and Teflon tubing used in the calibration system need

only be tested for leaks once the pump has been turned on.

Filters

The test-tube type filter holders (Figure A.1) should be filled‘
with glass wool, an activated microsiéve, or charcoal, and a small
amount of drying agent (Drierite). Those located in the caiibration
system have rubber stoppers which must be securely fit when placed in
line. A small ring of stopcock greasebaround the stopper may be added.
The Millipore filter holders are used as in-line filters before the
diluent sfream rotameter prior to the vial holder, and as pre-FPD filter
holders‘for both the zero and sample tuBes. All except the diluent
stream holder contain Teflon filters (0.5 u, Millipore LS WP 03700).
The diluent stream, because of the higher flow rates, uses‘a membrane

filter (5 u, MSA #625413).

Pressure Measurement
Fill the glass manometer mounted on the support rack with a

colored fluid of known density (e.g., HZO). Leave one side vented to .
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the atmosphere and attach the other side to the exhaust tube leading
from the narrow end of the calibration mixing reservoir. A very slight
positive pressure in the reservoir is always desired. However, the
pressure drop should never exceed 1 inch of water (0.04 PSIG). Con-

tinually check this pressure as its smallest change can be critical.

Permeation Vial and Holder

Both the vial and the holder are very fragile and extreme caution
should be used in>hand1ing them.

The holder is a hybrid,vground-glass jointvdesigned by Don
Pettit. The straight section,vwherein the vial actually rests, is
attached to the 1/4-inch 0.D. Teflon tubing by a heat-shrinking friction-
fit. The tubing should never be pulled from the holdér. The second |
half of the holder is composed of spiral tubing which enables the air to
reach the proper temperature (Figure A.2).

Initially, clean the opening of the straight section sﬁch that
no stopcock grease will touch the vial on its insertion. Be sure not to
raise this section too high (above 90°) or the glass triple joint may
break. Placé the vial into the straight section, Tefion cap first. If
necessary, use a paper tube to slide the vial through into the interior -
of thé section. The vial will fall out if the seétion is positioned
vertically; therefore, lodge a paper clip into the opening. Appiy a
liberal amount of stopcock grease.to the two ﬁalvés of the ground-glass,
joint. The joint is watertight. However, for added protection, firmly

join the two sections with string or wire,
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Lower the sealed holder into the. constant-temperature bath and
attach the Swagelok nut to the elbow which is upstream of the swirl
section of-the holder.
To remove the vial, unscrew the nut, cut the string, and slide
the spiral tubing very gently from the straight section. It is
especially important that all the stopcock grease which may touch the

vial be removed. Never under any circumstances should the vial be sub-

merged in any liquid or its Teflon cap be touched by the hand or with

stopcock grease.

Constant-Temperature Bath.

Turn on the Neslab constant-temperature bath. Adjust the rough
and fine control dials until the temperature is steady at 30.0°C. If
necessary, turn on the cooling water.. Once in operation, the tempera-
ture must be maintained at 30.0 (& 0.0S) °C. The equllibration process
can be accomplished in an hour. Once set, it need only be checked

periocdically.

Flow Measurement and Control

These‘two parameters are of prime importance and require special
attention. |

The low-flow stream is set by the low-flow controller located on
the front of the calibration system (Figure A.S).‘ After thé air pressﬁre
has been set to 50 (+ 2) PSIG, open the low-flow cbntroller valve. .The_

flow rate must be .checked with the bubble tube (Figure 3.2). Wet the
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inside of the tube to facilitate the measurement. Thé flow should be |
100 (£ 1) cmg/min.

The diluent stream originates at the Speedaire pump (Model
22866) . Turﬁ on the pump. The flow enters a pulse-dampening reservoir
and then passes through a needle valve. The reservéir has-a black tube
at its base which served as a bleed-off valve for unwanted diluent air.
For low flow rates, lesé than 1 L/min, the bieed—off shéuld be opened
all the way. Flows greater than 10 i/min require the bleed-off to be
closed. Intermediate flows require some manipulation of the bleed-off.
If the bleed-off is closed too-tightly, the flow rate will have a ten-
dency to drift. The diluent stream is measured with a rotameter. An
interchangeable rotdmeter system using the Matheson Tube-Cube rotameters
(Nos. 602-605) permits accurate flow measurement over a wide range
(0.150-15.0 L/min). Each Tube-Cube contains a stainlessvsteel ané glass
ball and is essentially two rotameters in one. These rotameters shouid
only be used in their middle range, marked as 40 through 100, to ensure
their accuracy. For the set-up procedure, high concentrations, low flow
rates will be required. 'Therefore, open the restrictorVCOmpletely.
Place Tube-Cube #602 in the holder and set the flow at 0.286 L/min
[glass ball at 95).

The stream is exhausted from the calibration mixing-reserVoir by
a single tube at opposite ends of the resérvoir. Pinch the exhaust tube

nearest the gas entry with a hose clamp.
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Flame-Ph;tometric Detector
Once the hydfogen source is available and the zero-air line is
established, the FPD can be set up independently of the calibration and
flasher systems. One of the two toggle valves in the hydrogen system
must be opéned. TheVFPD manual should be strictly followed for its

set-up (Meloy Laboratories, 1977, pp. V-1,2).

Recorder and Electrical Lines

Turn on the recorder and leave the speed on the 2.5 cm/min
setting. The chart paper should be off. By usiﬁg a double-junction
plug, connect a digital voltmeter and the recorder to the 10 V-or lOOvMV
output jacks on the back of the FPD. The twin output meters allow for
an accurate, instantaneous reading as well as longftefﬁ trends in the

concentration.

Start-Up Procedure

The flame-photometric detector must be allowed to equilibrate
before its use. Follow the FPD start-up procedure_as oﬁtlined in the
manual (Meloy Laboratories, 1977, pp. V-2,3). After the FPD has warmed
up (approximately one hour), the machine should be set to its operating
specifications as outlined in the “operating procedure' (pp. V-3,4) and
Ucalibration data sheet" (p. V-6). Section V-C, the operating proce-
dure, should only be followed throggh Sfep 4. The FPD must pull zero
air for»at least 24 hours if the burner block has been at room teﬁpera-
ture. To facilitate and expe&ité‘the célibratidﬁ of fhe FPD;vattach a

water aspirator to the sample tube leading from the flasher dome (up
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until this time, it has been unattached). Set the diluent étream such
that the flow concéntration is approximately 450 PPB 802 (see flow
measurement and control). This will allow all internal parts of the

dome to become saturated.

Calibration Procedure

The calibration procedure as outlined.in the manual (Meloy
Laboratoriés, 1977, Section V-3, p. V-8) should be carried out using the

two gas concentrations -- 450 and 0 PPB SO Change the FPD range

5
switch to the 500 PPB position and leave the time constant at 10
seconds. Once these two concentrations have equilibrated, intermediate
values should also be tested. = Choose four or five values over the
entire range. Remember to work only oﬁerhthe central portion offany
particular Tube-Cube rotameter. No altefations of the zero or span
'should be required. If adjustments are required, refer to the trouble-
shooting section. Do a-linear least-squares fit to determine the slope,-
intercept, and correlation coefficient (Rz). Expect some drift in the
high and low values over the first fiﬁe days of operation after a com-
plete shut-down. In switching back and forth between the SOZ-laden gasr
stream and the SOz-free air (zero air), use the water aépirator to pull
802 through the flasher while testing the zero point. This prevents any
components from degassing. For total flow ratgs greater than 0.5 L/min,
a larger pressure drop in the mixing reservoir will become apparent.

Therefore, at flow rates greater tham 0.5 L/min, remove the pinch clamp

on the second exhaust tube nearest the gas entry.
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Operating Procedure

Establishing a Baseline

1.

2.

Set the FPD range switch to the 100 PPB position.

With'the recorder integrating pen in the up position, set the
recorder at its slowest speed (2.5 cm/min % 60).

The flasher should be set such that the AC power switches are
off, the discharge.switch is in the OFF/RH position, and the

safety switch is OFF. The capacitor plug need not be attached

_ yet.

Set the total flow such that a baseline of 10 PPB SQ2 is beingv
fed through the dome. Use the water aspirator to pull the 802—
laden gas through the dome.

If the machine has just been calibréted, it will be necessary to
degas the posts, washers, nuts, and spfings in the dome. Remove
the dome aﬁd spring-loan an old strip. Replace the dome and
turn on the AC power source for the resistance heater.

After approximately one hour, turn off the resistance heater.
Remove the zero source from the Usample direct! port and connect
the sample line. Adjust the recorder speed to be 2.5 cm/miﬁ

+ 10.

If the concentration has not levelled off, allow it to do so.

Once the baseline is established, switch back to pulling zero -

air.
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At this point; the flasher is ready to begin volatilizing tﬁe
samples. The strips have all been pretreated to minimize ''blank
values'" of sulfate. Four possibilities exist under the two categories
of knoWn and unknown sample volatilization. The '"knowns! may be on a
flash-cleaneé or fresh strip depending on the desirability of the strip
background. The "unknowns' may be on an impacted sample-laden strip or
one for which the background is unknown. The flow chart in Figure A.7
illustrates the method for all flashing cases.'.Following the flow
chart are some important notes concerning the specifics of certain
steps. Read over everything before pfbceeding with any flashes. ‘Pay
special attention to the strip-snapping instructions and warningf
Flashing and Flashing Notes
Refer to flow charf (Figure A.4 a, b, ¢ and d).
1. Step 0 -- The calibration of FPD must be carried 6ut or checked
before each day's flashes. To check the calibration, set the

flows such that a 450 PPB SO, concentration is predicted. An

2
acceptable degree of calibration drift is 450 # 5 PPB. If it
does not meet these requirements, the calibration érocedure as
outlined earlier and in the manual (Meloy Laboratories, 1977)
must be followed.

2. Step 2 -- Choosing the proper range sefting is important in that
the consequences‘of a wrohg‘choice are either faulty data'of
poor accuracy. If the raﬂge setting is too lbw.(the pen goes
off the scale), the recoVéry indicated will be low. If the

- range is too high, inaccuracies will result from the relatively
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equal areas of the base and the flashed sample. In general, for
known sulfate flashes below 100 ng/uL, use the 500 PPB setting.
For unknowns, it is better té over—eétimate and use the 500 PPB
setting. The exception is when the unknown is a blank strip
whose background is to be determined. Whenever testing back-
ground levels, use the 100 PPB setting; the second flash of any -
sample should always be done with the range switch at the 50 PPB

position.

. . Step 6A -~ Use a Hamilton microliter syringe to place a drop of

the dilute aqueous sulfate sélution on the strip. The droplet
should be in the middle of the strip so that it does not spread
under the copper washers. A l-microliter drop maximum is
recommended. The aqueous sulfate soiutions should be no greater

than 500 ng/ulL SO The droplet must be evaporated before the

4
flash or splattering will occur. Usually the drop will evaporate
on its own while the baseline is being established. HoWever, if
it does not evaporate on its own, the strip can be slowly heated
to accomplish the evaporation. This should be used only if
necessary.  Place the central switch in the RH/OFF position.
Quickly flick the RH AC source switch from OFF to ON. Watch the
drop carefully and cease the action as soon as the drop dis-
appears. The resistance heater ¢an be adjusted with a screw-

driver. Turning the variable resistor screw clockwise will

increase the rate of heating. If the baseline has been:
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established, note to see if any drop in the boncentration‘occurs
due to the evaporated water vaﬁor.

Step 9 -- The baseline upon repeéted flashings will have the
tendency to equilibrate at successively lower values. For
example, after calibration, it méy be at 11 PPB with a predicted
of 10 PPB. After the first set of flashes, it may descent td

9 PPB with the same prediétedw And thereafter it may drift even
lower. Do not be alarmed. See the results section if necessary
to see that the calibration has still been maintained with a
falling baseline. ' If, however, the baseline falls below 7 PPB
with a predicted of 10 PPB, one must check the calibration at
450 PPB 802. The baseline will always descent below its pre-
flash value on the 50 PPB scale. After a few minutes, it will
descent to within 1 PPB of its original value.

Step 16 -- The capacitor case voltmeter is a very rough indica-
tion of the actual voltage. It should be approximately 20 V
when charged. If the voltage falls steadily after charging but
before flashing, see the troubleshooting séction.

Step 19 -- A snapped, incinerated strip can have serious conse-
quences if the gas which has flowed past the strip is allowed to
enter the FPD. A three-way valve would be cumbersom in that it
would have to be glass. The same result (switching to a cleaner
air stream) can be achieved by quickly ﬁulling the sample line

from the right side of the pre-FPD filter. The zero source
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should then be attached to the sample port and the entire pro-
cess begun again;

Step 22B -- Flash cleaning of a sfrip requires at leést three

flashes. These may be done in rapid succession.



APPENDIX B
TROUBLESHOOTING PROCEDURES

The flash volatilization system, which includes the flasher,
calibration system, and Meloy Flame Photometric Detector, is a very
sensitive system. The problems which are inherent in such a system are
usually simple and often subtle. The following bages outline most of
the problems, their sources, and their solutions. Those problems which
are more likely to occur are noted Qith an asterisk (*).

The problems are grouped into general categories and the order
in which they appear is usually the best way to attack the problem. One
will notice that the last aléérnétive in any group is to turn off the
FPD. It is imperative that the FPD remain on, regardless of what the
operating manual states (Meloy Laboratories, 1977).

Occasionally, a soluéion listed for a problem side-steps rather
than actually solves the problem, Examples of this are lowerin the time )
constant when a wide flash peak occurs, and increasing thgvcapécitance
after a weak flash. A deeper problem in the case of-é wide peak may
have been a dirty Téflon filter in the pre-FPD filter holder. The weak
flash wgs»probably caused by poor contact between the étainless steel
washers and the strip. So, in solving a problem, it is essential that
one 'pull by the roots rather than the stem." Following the tables-is a:

short description of the baseline and what behavioral problems to expect.
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1Y)

2)*

3)*

4)

5)

6) *

7)*

8)*
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General: No Measured Concentration

Problem Source
No diluent flow. Pump not running.

No concentration FPD flame is out.
indicated.

Air cylinder is
empty or closed.

Water in permeation
vial holder,

Stopcock grease
blocking air flow in
vial holder.

Corrective Action

Check AC plug, fuse
(Slo-Blo, 3A).

Depress ignition switch
and hold for 5 seconds.

.Release. Repeat if light

comes back on. Repeat
several times.

Check hydrogen source to
see if flow is nonexis-
tent or blocked.

Check K11 circuit on ,
interior of FPD. Tighten
if loose.

Refer to FPD manual.

Check cylinder pressure
and valve.

Check top of holder

(just above spiral sec-
tion) for water vapor.

If vapor is seen, quickly
remove holder. Refer to

. "operation" section for

vial removal
instructions.

Check for leaks from
bubble tube to holder.
Check for flow in bubble
tube.



9)

10)*

11)*

12)*

13)*

Genefal:

95

No Measured Concentration,

Problem

No concentration
indicated.

Low or erratic
concentrations
for calibration
and/or baseline

802'

Low or erratic
concentrations
at high

concentrations.

Low or Erratic Conception

Source

Air cylinder, low-
~flow controller.

FPD is not
equilibrated.

Constant-temperature
bath below 30.0°C.

FPD is pulling air
into the mixing
reservoira via one
of the exhaust
tubes.’

Pre-FPD filter
holder is cracked
and leaking air.

Corrective Action

Pressure set too low;
should be 50 = 2 PSIG.

Patience, time.

Check temperature;
adjust with "fine" knob.

Clamp one exhaust tube.

Search for cracks. Hold
filter holder in hand
while connected to back
of FPD. Squeeze holder
and note any rapid
changes, i.e., concen-
tration variations, on
the digital voltmeter.



14)*

15)
16)

17)'

18)

19)

20)

- General:
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Low or Erratic Concentrations

Problem

Low concentra-
tions for cali-
bration points.

Source

FPD calibration.

Low-flow controller
is low or closed.

Leak around Matheson
Tube-Cube.

Leak around dome
("O"-ring not

sealing.)

Swagelok elbow

leading to spiral

section of vial
holder is loose and
leaking. '

- Leak from test-tube

type filter holder
or Millipore filter
holder upstream of
vial holder.

Leak from pre-FPD
filter holder.

Corrective Action

Check 450 PPB S0 cali-

“bration point.

Recalibrate if measured
is not 450 £ 5 PPB SOZ'

'lCheck flow in bubble
tube. :

Tighten Allen screw with
wrench.

Check with soap solution .
and bottle air for
leaks.

Tighten nut.

Check with soap solu-
tion. Seal leaks with

stopcock grease.

Tygon tubing is friction-

“fit over holder inlet.

Check for leaks with
soap and positive pres-

~sure (air cylinder).

Replace tubing. Seal"
with silicone sealant.



General:

97

Low or Erratic Concentrations

Problem

21)* Low or erratic

concentrations.
22)
23)
24)
25)*
26) Low
concentration.

Source

Air leaking into
dome at posts or
sample tube entry.

Pump/flow
inconsistent.

Leak from Swagelok

fitting in calibra-
tion system.

Regulator on air
cylinder has broken
diaphragm.

Leak at top of dome
(Teflon sampling
tube exit).

Permeation vial
smudged with grease
(e.g., silicone).

Corrective Action

Remove dome platform
without removing nuts,
springs, etc. Seal
around base with sili-

- cone sealant. Leak test

in water.

' Monitor rotameter for

flow inconsistencies
matching concentration
behavior. If flow from
pump is inconsistent,
check pump filters and

" diaphragm.

Check all fittings with

soap solution. Tighten

~ if necessary.

Check air pressure and
response of regulator
when adjusted.

Attach air cylinder to
sample line. Apply posi-
tive pressure. Check
friction-fit with soap
solution.

Cross-check against
other permeation vial
for proper concentration.



General:

Y

Low Concentrations/Low

Problem

27) Low
concentration.

28) Low concentra-
tion or none
measured.

29) Unstable or zero
concentrations.
Low recovery.

30) %

31)*

32)

33)

34)

Recovery after Flash

Source

Wrong permeation
vial. '

Vial empty or near -
empty.

Burner block dirty
or optical window
stained.

Poor electrical
contact.

Calibration.

Loss of sulfate
before flash.due to
resistance heater
being on.

Sulfate not entirely
volatilized (i.e.,
capacitance too
low).

Dilute sulfate not
shaken well.

Corrective Action

Check to make sure
proper vial is in
holder.

Check vial and replace.

Clean per instructions
in FPD manual.

Check contact between
washers and strip.

Check upper point of 450

PPB S0,. Recalibrate if
it 1s not 450 + 5 PPB
802. 4V'-

Check RH-AC source
switch.

Increase capacitance if
dull flash occurred.

Shake before applying to
strip. ‘



35)

36)

37)

38)*

39)

40)

General:

99

Low Recovery/Downward

Problem

Low recovery.

Low recovery.

Downward drift
in measured
concentration.

Continued down-
ward drift below
baseline after
flash.

Downward drift

in concentration.

Drift in Concentration

Source

Baseline not keeping
pre-FPD filter '

holder saturated.

Stained optical
window; dirty burner
block.

Constant-temperature
bath.

~ Strip snapped.

Flow unsteady,
increasing (i.e.,
valve loose).

Loss of FPD sensi-
tivity due to '"over-
flashing." (Flashing
too quickly without
leaving time for FPD
to recover.)

Corrective Action

Increase baseline 80,
concentration. Look for
leveling of baseline.
Will drift upward if
saturation process is
still taking place.

Check everything else
first. This 1s a last
resort. Do as instructed
in FPD manual.

Check temperature in
bath. Should be 30.0 *
0.05°C.

Remove strip. See opera-
tion section.

Tighten diluent flow
valve.

Wait until baseline A
establishes itself before
flashing a sample.



41)*

42)

43)

44)

45)*

46)

47)*

48)

General:

100

High Concentration Measured

Problem

High recovery.

High baseline
which climbs and
eventually

“falls.

or High Recovery

Source

Mistake in deter-
mining "counts'" for
curve. May have
extended counting
too far into tail.

High blank value.

Constant-temperature
bath. Temperature is
high.

Calibration values
set too high.

Low flow 1is
incorrect.

Pressure too high in
calibration mixing
reservoir.

Resistance heater is
on,

Corrective Action

Recheck values for
proper number of
"counts.'" Shorten tail
cut-off (especially on
500 scale).

Try a new strip and
compare.

Température should be
30.0 £ 0.05°C; adjust
with fine control.

Turn on .cooling water
for bath.

I+

Check upper point, 450
5 PPB 802; Recalibrate.

Check low flow, and
adjust if necessary to
100 = cc/min.

Check manometer for
proper pressure (never
greatexr than 1 inch of
HZO). '

Turn off resistance
heater.
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General: Upward Drift of Measured Concentration

Problem

49)* Upward drift of

concentration.
50)
51)

52)*

53)

54)

55)

Source

FPD is not equili-
brated yet (just
after start-up).

Bleed-off- on pump
reservoir is closed
too tightly.

Témperature bath.
Temperature drifting
upward.

Saturation of compo-
nents taking place.
Especially notice-
able during calibra-
tion for high PPB
SO2 values.

Diluent flow needle
valve is loose on
its mounting.

Resistance heater is
on.

Dirty burner block
or a stained optical
window.

Corrective Action

Wait at least 4 days to
calibrate once burner
block has been to
ambient temperature.

Open bleed-off valve.

Monitor temperature
closely; 30.0 + 0.05°C.

Wait to see if leveling
occurs with time (i.e.,
all parts saturated).

Tighten valve and moni-
tor flow carefully.

Check AC source switch
for resistance heater.

Clean as instructed in
FPD manual.



Problem

56)* Calibration
thrown off
easily.

57)}* Calibration
thrown off
easily or FPD

fouled quickly.

58) Flashing; no
charging of
capacitors
occurs.

59)*

60)

61)

62) -

63)

64)

General:
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Calibration/Flashing

Source

Sample and/or zero

lines are too long.

Pre-FPD filter .
holder's Teflon
filter is out of
position.

AC plug not in.

AC switch for
capacitors is off.

Capacitors not
plugged into
flasher.

Flasher fuse 1is
blown.

Capacitors wired
backward.

Capacitors shorted

out.

Capacitors burnt
out.

Corrective Action

Shorten all tubes.

Replace Teflon filter.
Make sure filter is in
properly.

Plug flasher into 120
VAC outlet.

Turn on capacitor AC
source switch.

Plug capacitor cord into
flasher.

Check fuse (5A Slio-Blo).
All (-) terminals to
"hot'' black wire.

Check for short across
capacitors or under

" flasher.

Replace. Test first by
checking voltage across.



65)

66)

67)*

68)*

69)

70)

71)*

Problem

Charging of -
capacitors not
taking place.

Charging but no
flash.

Charging but no
flash.

General: Flashing

Source

Transformer for .
capacitors is burnt
out

Capacitor safety
switch is burnt -out,

No contact between -
washers and strip.

Two strips stuck
together.

Wires disconnected
from posts below
flasher.

Broken strip.

- capacitor discharge

103

Corrective Action

Turn on AC switch for
capacitors. Check volt-
age across transformer.
Should be approximately
16 V. o

Check resistance across
switch with DVM. Swtich
must be replaced; the
other side of the switch

~ is already burnt out.

Push strip from side and
if it slides then con-
tact is extremely poor.
Washers must be shifted
or springs rotated.

Check for a piece of an
old strip which might
still be jammed between
washers.

Remove strips and
replace with a single
strip.

Connect wires.

Replace strip. Make sure

switch i§_OFF.
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General: Flashing/FPD - i

Problem Source _ Corrective Action
72) . Weak flash. Capacitor plug not Secure plug.
in tightly.
73) Too long a wait Flash sample immediatelyr
between charging and  after charging is
flashing (i.e., completed.

capacitors leaked
down to lower
voltage).

74) : - Strip is over-used Use another strip.
or has been baked '
too long. Result of
above is lower con-
ductivity of metal.

75) Very bright - Too much Lower capacitance.
flash with " capacitance.
resultant "hot
spots''; 02 strip

incineration.
76) , Strip not baked lohg If not baked long
enough. enough, conductivity is
too high. Use another
strip. :
77) Span adjustment Major leak in pre- Find leak and correct.
reaches 10.0. FPD filter or vapor-
© ization chamber.
78) Span control Pirty burmer block Clean as instructed in
' reaches 10.0. or stained optical FPD manual.

window.



79)

80)

81)

82)

- 83)

Problem

FPD operating
very loudly.

Hydrogen flow
cannot be set at
manufacturer's
value (39).

Resistance
heater will not
work.

Resistance
heating taking
place too fast.

The calibration
line drawn
through the pre-
dicted versus
measured values

- has many points

far from the
line (R? < 0.96)
or curvature.

General:

105

FPD/Miscéllaneous

Source

Input (sample, zero)
or output (exhaust)
of FPD is blocked.

Water in Hy capillary
within FPD.

Corrective Action

Remove both lines and
find where blockage is

“occurring.

See FPD manual for loca-
tion of Hp capillary.
Check flow through
capillary with a bubble
tube. Flow should be

© 125-130 cc/min.

Transformer is blown.

Variable resistor is
not turned up -
enough (high
resistance).

Flow is not set
properly. Operating
out of central
range, marked
40-100, of a
Tube-Cube,

'With RH-AC .source switch

on, check voltage of
transformer. Should be
approximately 6.4 V. If
it is not, replace
transformer.

Check position of vari-
able resistor below
flasher. Increase the
resistance by turning
the variable resistor
screw (top of flasher)

in a clockwise direction.

Replace Tube-Cube with
proper rotameter. Cross-
check new values and
correlation coefficient.



84)*

85)

86)*

87)

88)

89)

90)

Problem

The slope of the
calibration
drawn predicted
versus measured
values is not
equal to 1.0.

Air cylinder
pressure is
dropping at a
rate of greater
than 60 PSIG per
day.

Calibration

values erratic.

Erratic
concentrations,

Wide peak after
flash.
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General: Miscellaneous

Source Corrective Action
FPD out of Recalibrate.
calibration.

,Leak in low-flow

system between
cylinder and low-
flow controller.

Hydrogen flow uneven
due to low pressure
in cylinder.

Fluorocarbons from
spray cans.

Bubble tube soap
holder has been
squeezed,

Time constént too
high.

Teflon filter in
pre-FPD filter
holder is dirty.

Find the leak with a
soap solution. Tighten
Swagelok fittings.

If Hy cylinder pressure
is below 500 PSIG,
replace cylinder.

Do not spray cans con-
taining fluorocarbons
anywhere but under the
hood.

Do not squeeze soap
holder when not
measuring the low flow
rate.

Decrease time constant
switch on FPD.

Replace filter.
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The Baseline

The purpose of the baseline is to maintain the saturation of all
components in the éampling train. Because the baseline is so low, 10
PPB 802, and the FPD so sensitive, a few notes on its behavior are in
order. In all cases referred to, the ”baseline” is a measured concen-
tration which does not vary by one percent of full scale over a three-
minute interval.

If,'at any range setting, the baseline does not return to its
pre-flash value, do not be alarmed. - A new baseline within 5% bf full
scale of the old baseline is considered a normal response. This is
because of tﬁe large degree of FPD response '"tailing" which occurs,
especially at the 500 and 1000 PPB range settings. Consider first the
normal response, i.e., establishment within 5% of the old value. The
area which is to be integrated and calculated as the '"measured" response
will vary considerably depending on the choice of the end of the curve.
The area of the cur?e will depend on the rangersetting, the concentra-
tion of the sulfate, and the response of the FPD. The average curve end
occurs ét approximately three minutes. The curve should never be
extended past four minutes.

After calibration, the vaporizaton chamber is degassed of the
absorbed SOZ' Flashing is ready to begin when.the baseline has been
established as 11 * 2 PPB S0,. The original baseline will usﬁally be

2

slightly higher than the predicted 10 PPB SOZ’

If the baseline is outside of these limits, the system has hot been

due to the calibration.

totally degassed yet.
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The position of the baseline is a poor indicator of the state of
the FPD's calibration. Obviously, if the baseline is prédicted to be
10 PPB SOZ’ and its measured value is different by at least S PPB SOZ’
the calibration is off. 1In many circumstances, howeﬁer, the baseline
will be within the tolerances .listed above, and yef the FPD response foi
a flash will be poér. Because of fouling caused by_cbntinuous flashes,
the baseline will drift, occasionally to higher values (for K2804
flashes) and more often to lower values'[H2504; (NH4)2SO4]. ‘This drift
The

can be expected to be 4 PPB SO, from a predicted of 10 PPB SO

4 4°
drift will take place over many flashes and may even reverse itself.

In illusfrating the next examples,vthe 50 PPB range setting has
been chosen, as small charges in the baseline are magnified by the low
PPB full scale. Figure B.1 is é normal flash response for a blank or
second flash of any sample. The baseline will dip down below its pre-
flash value and then slowly ascend to -approximately its initial value.
The curve in Figure B.2 occurs whenever a strip snaps or sparks are
thrown from the washers holding the strip. Once again, patience is the
rule as the baseline will ascend to its initial value. The next two
curves (Figures B.3 and B.4) are trouble and should be avoided at all
costs. These curves are ihdicative of a fouled burner block. Obviously,
those substances which elicit these responses have not beén sought. It
is known, however, that volatilized stopcock grease will cause them.
Finally, if any spray can contalning fluorocarbons is sprayed within the -
vicinity of the FPD, én erratic behavior will result in the FPD output.
The molecular sieve does not remove the inert fluorocarbons and flame

interferences occur.
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APPENDIX C
CLEANING AND SUBSTRATE APPLICATION METHODS

In order to obtain as low a background sulfate value as
possible, various cleaning methods were tried. The methods as they are
listed here are ESE_the order in which they were tried (the order is in
parentheses beside the identification humber). Due to the high blank
values obtained, some methods were tried dnly twice.

The substrate application methods are élso listed here. The

substrate used was 3% Vaseline in toluene.

113
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Cleaning Mean Sulfate
Method No. of Loading
Number Cleaning Method Used Points (ng of Sulfate)
92 (7) Sonic bath with doubly dis- 3 64.6 (+ 6.8)

tilled water for 35 minutes.
Rinse with doubly distilled.

94 (6) Sonic bath with 10% HNO3 and 1% 5 76.5 (+ 12.2)
HF mixture for 10 minutes.

95 (5) Heating in an oven for 2 hours 5 37.9 (£ 10.9)
at 900°C. : ‘

96 (4) Sonic bath with trichloro- : 2 90.5 (¢ 13.7)

ethylene for 25 minutes. Heat
at 600°C for 2 hours.

97 (1) Heat at 500°C for 2 hours. 2 118.2 (£ 10.5)

98 (2) . Wash with acetone. Heat at 3 126.0 (= 14.6)
500°C for 2 hours.

99 (3) Wash with acetone. Heat at _ 4 103.9 (£ 13.1)
500°C for 2 hours. :

100 (8) Sonic bath for 35 minutes with 5 44.0 (£ 12.2)
doubly distilled water. Heat :
at 900°C for 100 minutes.

101 (9) Sonic bath with 1.2% HC1 for 30 2 30.8 (+ 3.1)

minutes. Heat at 900°C for 110
minutes.
105 (10) Sonic bath with doubly distilled 15 7.91 (= 2.3)

water for 2 hours. Wipe with
cotton. cloth. Bake at 900°C
for 2 hours.
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Substrate :
Application Substrate Application Method No. of Sulfate
Number (3% Vaseline in Toluene) Points Background
106* Sprayed on with propellant, 2 120.8 (£ 17.6)
108* Wiped on heavily with sprayed 2 90.5 (x 53.2)
Q-Tip. ‘
109 Single lengthwise wipe of 6 73.2 (£ 40.8)
substrate with Q-Tip.
110 Single '"cross~-wipe' with 7 50.5 (x 16.2)

Q-Tip.

*Several of these substrated strips caused the flame to go out.



APPENDIX D
SAMPLE CALCULATIONS -

1. Ideal gas law -- assume T = 295°K and P = 700 mm Hg:

PV = nRT
_ nRT
(0.08205 ——-Lff‘f—”—’z—— ) (295°K)
V = g-mole
- 700
( 760 atm)
V = "wola" = 26.28 L

g-mole air

y

(y;—g,&)( g;qxo;eAA ) 1O§A - ) ( 101(‘)’10 T ) (26 ZSM
gng’leZ\. =[R2 =rppBA
10_ g-mole air
3. Calibration using permeation vial:
Permeation rate at 30.0°C = 313 802

116
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Total flow = £ flow = Q E%E

313 ng SO2 ng-mole SO

2 min L
(% ) 570 g 50, ) gr )(26-28 oqe iy )
ng-mole SO
= 2y = Yol _ :
= (C g-mole air ) = [yl =CPrB SOZ
Flow Past Diluent _

Vial Flow T Flow, Q ° Concentration, C
(L/min) (L/min) (L/min) (PPB)
0.100 0.000 0.100 ' 1285
0.100 - 0.100 0.200 642%*
0.100 0.186 0.286 450

*Minimum flow rate set by FPD, Q = 0.200 L/min.
Therefore, maximum concentration into FPD with this
vial is 642 PPB SOZ' ’

Recorder output -- The Omniscribe recorder has a maximum inte-
gration ability of:

counts
min

6000

A "count'" is an undefined unit of area. The recorder is
actually measuring the area in volt-seconds. The number of

"counts" is converted to volt-seconds by: ‘
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{(number of counts) (volts full_scale)
counts min
(6000 min ) 60 sec )

Volt-seconds are converted to PPB-seconds:

(number of volt-seconds) (range setting on FPD in PPB)
(volts full scale)

PPB-seconds are converted to nanograms of sulfate (i.e.; sulfate

recovered):

FPD flow rate = 0.2 L

min

' _ ng-moles SO4 -sec
PPB-seconds of SO, =

4 g-moles air
: number ng-moles SO4 -sec Y MW ng SO4 ( g-mole air )
g-moles air ~ = 26.28 L
ng-mole SO4
0.2 L min =

) = X ng SO, measured

( 4

min ) 60 sec

Heat transfer from constant-temperature bath to air stream
flowing past permeation vial. Assume air is entering spiral
section at 65°F (18.6°C); glass tubing = 6 mm O.D. and 4 mm I.D.

Heat required, Q:

= MC_AT
Q P

N

[

1OQ,cm$.air"
min :

Flow rate of air
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Specific heat of air = giéévgzg

3 . . :
_ 100 em™ air 0.001137 g air 1b , 60 min
Q= min ) ( . V(757 g W)
cm” air
0.25 BTU

( 5 °F )(86—65°F?

Q = 0.079 BTU/hr of heat required to raise the air temperature

from 65°F (18.6°C) to 86°F (30.0°C).

Heat transfer through Pyrex tube:

Q = U, A, 4T

overall heat transfer coefficient;

where U =
0
Ao = outside area, total; and
AT = temperature difference of air along inside of tube.

Length of tubing used (minimum) = 2.5 ft; tube 0.D. = 6 mm; and

tube I.D. = 4 mm:

A = 0.155 ft2
(o]
2
A = 0.116 £t
' 2
A = 0.133 ft

M
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7. Overall heat transfer coefficient, UO:

1__= l_.+ rAO . AO
Uo hl KALM hlAl
where hi = heat transfer coefficient through the air;
iho = heat transfer coefficient for water; and
K = rate of heat transfer through the glass.
h, = 1 BTU '
hr °F ft
hoo= 0.25 BTU

©  hr °F ftz

K= 7.5 BTg
hI‘-fE—.———F-

min
UO = (0.187 BTY 5

hr °F ft
Q=U, A AT [1]

BTU

Qreq'd 0.079 §—

Substitute Qreq'd into Equatioﬁ’[l] along with the AT desired
and the overall heat transfer. coefficient. Solve for the area

required for the AT chosen:
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BTU .

. 0079 52 )
°- (0.187—-_—BT%-—)(86—6S°P)
hr ft° °F

AO = 0.020 ft2 required

The minimum area calculated that is currently being used to heat

the air was:
. 2
AO = 0.155 ft

The area required, 0.020 ft2, is far less than the area

currently being used, 0.155 ftz.



APPENDIX E
CALIBRATION INFORMATION

The calibraiion of the FPD is currently done using an AID per-
meation vial. It permeatés 802 at a rate of 313 nanograms per minute
when kept at 30.0°C. The flow past the vial is kept constant at
0.100 L/min. The concentration is varied by changing the diluent flow
stream. The curves in Figures E.1 and E.2 represent the concentfation
in the CMR at various rotameter séttings (Matheson Tube—Cubes; Nos.

602-605) .
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APPENDIX F
COMPUTER PROGRAM

User's Manual

The Flash Volatilization Program is very straightforward and con- °

tains few calculations. It was designed to aid the user of the volatili-

—

zation system. The type of samples it can be used for are:

1. Known sulfate solutions.

2. Unknown blank values for a strip.

3. Unknown substrate values.

4. Known sulfate solufionS‘on substrated strips.
Each flash that one does has fourteen numbers associated wgth it. These
values are first entered into the "FLASH VOLATILIZATION DATAY book and
then typed info the computer. ‘The 14 numbers are comprised of 7
integers (identification numbers) followed by 7 real numbers. The
integers must not have decimal points and the real numbers EEEEf The 7

. identification numbers are (from left to right):

1. Date of the Flash.

2. Total Flash Number -- this is the only number which single iden-

tifies the flash. Each flash is numbered consecutively.

3. Flashes/Sample‘-— this number is the total number of times a

particular sample was flashed (2, 3, etc.).

125
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4. Individual Flash -- this number identifies which flash (first,

second, etc., on up to'Flasheé/Sample). When the two are equal,
"the cémputer totals the group of flashes for a single data
point.

5. Code Number -- this will be talked about in &ore detail later.
This was formerly called "Strip Number."

6. Strip Use -- this identification number has a dual purpose. Most
of the time it refers to how many different samples were placed

on the same strip, in which case it is usually equal to 1. How-

ever, it also indicates sulfates with a substrate background when - -

the number is equal to '"11."

7. Sulfate (or cleaning method or substrated strip) -- this number
is used to'identify the particular sulfaté (when a sulfate flésh
is done) (éee the sulfate key). It can also be used to identify
the cleaning method tried. The cleaning- method number must
always be greater than 90. The current method of cleaning in a
sonic bath (2 hrs) and oven at 900°C (2 hrs) is method 105. A
blank strip cleaned in such é fashion and flashed has this "105"
in column 7. If the operator wishes to find the level of back-
ground sulfate in a substrate-only flash, the identification
number is ”110i” .(See the program descriptioﬁ for more details
on this.) |

The -seven real numbers which follow the identification numbers describe
the response of the FPD:.

8. Concentration -- of sulfate in namograms per microliter. -




10.

11.

12.

13.

14.

individual flash.
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Sample Size -- in microliters.

Range -- PPB setting on the FPD.

Bl -- the heigth of the baseline on the left side of the flash

peak, in boxes (counting up from zero).

B2 -- the height of the baseline on the right side of the peak

in boxes.
Y -- the distance from Bl to B2 in boxes.
Total Counts -- the total counts recorded by the integrating pen

from Bl to B2.

The '"code numbers'" identify particular characteristics of an

Such numbers present having to go back and look at

notes written on the recorder output paper. Use these numbers freely.

Make up new numbers if necessary. The code number is not utilized in

any way by the computer. The current code is:

Number

OOV RVNNRFRO

e
WONOUT SN

N
[

[
0

Meaning

Regular flash

New filter just added to pre-FPD filter holder
Capacitance was increased

Capacitance was decreased

Strip snap

See notebook for details

Too .much capacitance; hot spots appeared
Range too low, off scale

Range too high

Long delay since last flash

Flame-out prior to flash

Check curve

Just calibrated :

Bad liquid spread (under washers)

Very bright flash

Reference point (throw out)

Flash without filter

Start. stainless steel posts

Shortened sampling tubes-

Start inner extension
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Two code numbers can be used together by placing the lo@er number first
and separating the two with a zero (if the numbers are 1-9). Only three
rspaces'are:allotted for the code number in the program.

While_taking data, the speed of the recorder should be 2.5
cm/min, and the full-scale voltage should be 100 millivolts. If either
of these is differenp than those just listed, line number 200 .contains
data variables SPD (speed) and VFS (volts full-scale) which can be set
to the values which are used.

Once the user has the data written in the data book, he is ;eady
to use the computer. First, log on to the DEC-10 system. The data
enter the program by being read from FOR 22. DAT. Deiete an éld

- FOR 22. DAf if it exists:

DELETE FOR 22. DAT
Now SOS a new FOR 22. DAT. The computer will create a new file. The
numbers are input under a '"free format." This means the 14 numbers are
only separated by a comma. Do not place a comma after the last number.
'Type in the 14 numbers with a blank space before the first number (this -
prevents the computer from skipping to the top of.a new page for each

line of data). The lines of data for a single flash might look like

this:
020180, 1255, 2, 1, 0, 1, 3, 99., 1., 100., 10.1, 10.0, 42., 2200.
020180, 1256, 2, 2, 4, 1, 3, ©0., 0., 50., 20.1, 70.2, 18., 1560.
A , B,C,D,E,F, G, H,I, J , K , L , M, N

Reiterating the earlier definitions of the data numbers, one can see
this flash of a known sulfate, HZSO4 (G), with a concentration. of 99

nanograms/microliter (H) and a sample size of 1.0 microliters (I), was .
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done on February 1, 1980 (A). Two flashes (C)'were done for the
sample; the first flash (D) had a totél counts of 2200 (N){ and the
second flésh (D) had a total ¢ounts 6f 1560 (N). The first fiash had
nothing special associated with it (code number = O;E), but the second
flash had the stfip snap (see coding listing) (E). This waé'the first
time the strip had been used for a sample (F). The heigth of the base
on the 100 PPB range setting (J) for the first flash (D) was 10.1 on the
left (K) and 10.0 on the right (L). The distance between the two points
from which the base height has been measured is 42 boxes (M). These tWo
flashes are data file numbers 1255 and 1256 (B).

Once all the data lines have been entered, the lasf data line
should have just one number, 999. This is the identificaiion number
which, when seen, tells the computer to stop looking for data. If the
statement:

% FRSDEV End of file
Unit = 22 DSK: FOR 22. DAT <0.57>

is printed after execution of the program, this 999 was either missing
or unséen.

Now that all the dafa have been typéd in and edited, the user is
~ almost ready for the execution of the flash volatilization program:
CHEAP 1. F4. But first, one must assign the disks which are to be used
for data input aﬁd computed results output. The computer reads data by
FOR 22, DAT and FOR 27. DAT.‘ The output is placed into files
FOR 23. DAT, FOR 24. DAT, FOR 25. DAT, and FOR 26. DAT. |

The only files which need not be assigned are FOR 22, FOR 23,

and FOR 24. DAT. To‘aésign.a file, typeﬁ
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. ASSIGN DSK: 25
The computer will respond:

. DSK ASSIGNED.
This must be repeated for number 26 and 27 (FOR 26. and FOR 27.). A
description of the program itself follows. For immediate use of the pro-
gram, some steps are not fully explained here, but will be in the program
description. The program reads in two identical data files:
FOR 22. DAT and FOR 27. DAT. Before executing the‘program,vit will be

necessary to copy FOR 22. DAT onto FOR 27. DAT:

. COPY FOR 27. DAT = FOR 22. DAT.

Qg_not reverse the sequence or.all the data will have to be fetyped.
| The program is now ready for execution; To execute, type:
. EX CHEAP 1. F4
The computer will execute and type a messége such as:

LINK : Loading '
[LNKXCT CHEAP 1 Execution]

% FRSAPR Floating Divide Check PC = 742

End of Execution

EXIT
If the "% FRSAPR Floating Divide Check" statement is missing, do not be
concerned. This statement originates from trying to divide by zero. An
example of this is trying to divide a measured sulfate background for a

blank strip or water sample by a predicted concentration of zero.

There are four output files for the results:.

FOR 23. DAT
FOR 24. DAT
FOR 25. DAT

FOR 26. DAT
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If one wants to ha?e it printed on the UCC line-printer, the command

. PRINT (file name) |
is used. If one wants to have it typed on the teletype, it will first
be necessary to expand the margins. This is done by:

. SET TTY WIDTH. 132
The file is then typed by either:

' . TYPE (file néme)

or under the SOS system.

The main output file is FOR 23. DAT (Figure F.1). As one can
see, the first 7 numbers from left to right are the identification num-
bers repeated. The only difference between FOR 23. DAT and FOR 26. DAT
is that instead of sulfate type.(804) the file FOR 26. DAT has the
cleaning method used (CLNG MTHD). The rémaining numbers are:

8. TCTS, Total Counts -- this number is a repeat of the value typed

in from the data set.

9. BCTS, Base Counts -- this number is the area of the base. A

line is drawn from Bl to B2 and the area down to zero under this
line is the base area.

10. DCTS, Delta Counts -- the difference between-the total and the

base counts.

11. VS, Volt-Seconds -- Delta Counts converted to an area in

volt-seconds.

12. PPB-S, Parts per Billion-Seconds -- the area of the curve (Delta

Counts) in PPB-S.



DATE FLSH FLSHS INDI CODE STRP S04 TCTS  BCTS - DCTS VS PPBS PRED MSD MSD FRAC

NO. SMPLE FLSH NO. USE NG NG WOSB RCV
11680 1114 2 2 0 1 4 1850.0 460.8 1389.2 1.38920 6946.0 199.0 84.0
11680 1115 2 1 0 1 4 1900.0.1254.4 645.6 .64560 322.8 0.0 3.9
DATA PT. # | 1 TOTALS 3750.0 1715.2 2034.8 2.03480 7268.8 199.0 87.9 .442

Figure F.1 . Example of CHEAP 1 Output, FOR 23. DAT.

AN}
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13. PRED NG, Predicted Nanograms -- the predicted amount of measured

sulfate in nanograms. This number is obtained by multiplying
the concentration in nanograms/microliter by the number or frac-
tion of sample in microliters.

14. MSD NG, Measured Nanograms -- the amount of sulfate measured by

the FPD (PPB-S converted to nanograms of sulfate).

15. MSD WO SUB, Measured Nanograms of Sulfate without the Substrate

Background -- if a substrate was used, theVMSD NG will give the
totalvamountvof sulfate measured.’

This number has the average substrate loading subtracted
out. If no substrate was used, the column will be empty.

16. FRAC RCV, Fraction Recovery -- this appears only on the "totals"

line and is the fraction of predicted sulfate measured by

* the FPD.

‘ FOR 24; DAT is a condensed version of FOR 23. DAT. It contains
only the totals for the FOR 23. sémples.

FOR 25. DAT is the~mést basic summary of the output. It contains
only the data péint number, predicted nanograms, and measured nanoérams
of sulfate. This file is added on to the end of the SPSS scattergram or
Rastor plot file for graphing of the results.

The SPSS (statistical package for the social sciences) systemb
can be used to facilitate the graphing of the results. ’Use the
SCATTERGRAM program for quick graphing and determination of the statisti-
cal parameters: slope, intercept, and correlation coefficient. To use .

this, first execute the CHEAP 1. F4 program. . The scattergram program is-
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NGM1. F4. Copy the scattérgram program and the data filé (FOR 25. DAT)
on to a single program NGM2. F4. This is done by:
NGM2. F4 = NGM1. F4, TFOR 25. DAT.
It will then be ‘neéessary to SOS the file NGM2. The title is added in
line 10 of the program. The number of data points to be graphed is
entered, sﬁarting in space 16, on line 50. Finally, a "FINISH" state-
ment starting from space 1 must follow the last data.linet To have it
processed, send it to the CDC by:
. TOCDC  HDR. CAH, NGM2. F4

To have a pldt done on the Rastor plotter, the same type of
set-up is used. The Rastor program is NGM10. F4. Copy itvonAto another
file with the data file.as before. The number of cases is added in line
50 and tﬁe title in line 70. The processing command is:

. TOCDC HDR. HAC, NGM12. F4
For more details,»refef to the SPSS Subprogram Plof handout.

Obviously, one will want to keepAat least the raw data stored in
the computer. The méin file containing Flashes 1'thfough 1210 (or |
present flash) is MSTR. DAT. After checking the data and editing out
any mistakes, attach the most recent set of data lines to the larger
data file by: |

COPY MSTR DAT = MSTR DAT, FOR 22. DAT.
Do not forget the MSTR DAT on the right side of the equal sign or all
former data will be lost. |

The program itself, CHEAP 1. F4, is best understood by having

the program printed and reading the included comments. One will see by .
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doing this that most of the program is formatting. Depending on the
type of sample, the result is placed into its respective file. vTake,
for example, a series of flashes done on the volatilization unit.

Within this group are samples on cleaned strips, blank strips, strips
Wifh just substrates, ‘and substrated strips with knowﬁ concentrations of
sulfate.

Because of the sulfates on substrated strips, two passes through
the program are necessary. The first time through, it reads in FOR
FOR 22. DAT and picks ouf only those flashes which ﬁad a layei of sub-
strate on a blank strip. These are chafacterized by their identifica-
tionjnumber, 110, in the SQ4 identification column. It averages these
values and stores this averaged value for the next run thréugh the data.
The second pass through the data computes all the results for‘the stan-
dard flashes (sulfates on cleaned strips and blank strips), as well as
those with sulfates on substrated strips. The substrate~onlf flashes
are ignored this pass. The program subtracts the average substrate back-
ground (measured nanograms sulfate) from those flashes of sulfateé on
substrates. The cdmputer identifies these,sulfateé on substrates by the
"11'" in the "STRIP USE" identification column. On the output file
FOR 23. DAT, the regular flashes are entered in their respective columns,
the sulfates with substrates flashes contain the total measured sulfate
(MSD NG), and the measured amount after the substrate average has been
subtracted (MSD WO SUB). The fraction recovery for this case is the
measured.nanograms of sulfate minus the substrate average over the pré—_

dictedﬁnanbgrams,of sulfate.
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FLASH VOLATILIZATION PROGKAM-CHEAPL«F4

THEIK DATALTHE PRUGRAM IS SIMPLE AND hOST OF THE PNEUMONICS AKE EASILY UNDENSTOUD.HOWEVERs A
FEA REMAKKS EONCEKRNING SOME OF THE FINcR DETVAILS ARE IM ORDER.

TAE TOENTITY MATRIX I3 DIMENSIUNED.

DIMENS LGN IDENT(10)

THE VARIABLES WHICH AE NORMALLY FIXED ARE FED INTO THE PRUGRAM. THE RECOROER SPEED (5PD),2.5

CHA/NIN THE VULTS FULL SCALE (VFS),100Mv,AND THE TEMPERATURE LN KELVIN(TDK)sK.

DATA SPDsVFS»TDK/ 265501529740/
THE “DATA 1S KEAD INTG THE PROGRAM AND FINAL RESULTS WRITTEN GUT 8Y MEANS GF TiE *FORYFILES.

INTEGEK REAUSWRITE, TWRITE»SO4sSWRITE,BURITE
REAL MSDNG:HSDSUB,MDHDSB

READ=22

WRITE=23

THRITE=24

SWRKITE=25

BWRITE=26

THE DATA IS PROCESSED TWICE BY THE PROGRAM. THE FIRST TIME 1T LUOKS AT

FOR22.DATs Trik SECOND TIMZ AT FOR27.,DAT. THE FIRST PASy IS TO PICK OuT

JUST THE FLASHES OF SUBSTRATE ON A CLEANED STRIP.THIS IS TOU

FIND THE BACKGROUND LEVEL OF SULFATE IN THE SUBSTRATE.IT AVERAGeS ALL THESE SUBSTRATE
FLASHES AND STORES IT FOR THE SECOND PA3S QF THe DATALON THE SECOND RASS IT SUBTRACTS

THIS VALUE FROM THOSE FLASHES OF SULFATE ON A SUBSTRATE. *L'I5S THE CUUNTER FOR THE PASSES.
'Pi I35 THE WUMBER OF SUBSTRATE POINTS USED IN THE AVERAGE,IT 1S ALSO A COUNTER

THE VALUE OF THE BACKGRDUND SULFATE FROHM THE SUBSTRATE (MSDSUB) IS INITIALLY PUT VO

EQUAL ZERD, :

THIS PROGRAM WAS DESIGNED TO HELP THE USER UF THE FLASH VULATILIZATION UNEIT TO ANALYZE

B

9T
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20
30
40
150

L60

[

W -

MSDSUL=0.9

O=ALL
1=CUS04
2=K2504
3=H2504
4={NH4) 2504
5=H20

504=0

THES NEXT GROUr OF WRITE AND FORMAT STATEMENTS PUTS HEADINGS ON ALL THE

IFESD4.NE.O)LDOFD 20

WRITE(SWRITE»2)

FORMAT(//510Xs0HTOTALS»10X5s L6HSTRIP BACKGRUUND, //)
WRITE(BWRITE,3) )

FORMAT(3 X, 4HDATE » 3Xs 4HFLSH» 4X» SHFLSHS s 3X» 4HIND L,
2Xs4HC JDE ) 2Xs 4HSTRP 52X » 4HCLN G 6Xp 4HTCTS 5 9Xs 4HBC TSy
BXp4HDCTS» TXs 2HVS» BX9 4HPPBS» 5Xs 3HNSD)

WRITE(BWRITE»4)

FORMATULLLIX s 3HND .5 4Xs SHSMPLE» 3Xs 4HFLSH» 3Xs 3HNO,»
3he3HUSE» 2Xs 4HHTHD» 62X 2HNGs /)

WRITELTWRITE»10)

FORMAT (//;lOX!bHTUTALS,lOX)lBHSULFATE TYPE = ALLs/1)
60T 40 .
WRITE(TWRITE, 301504 ’

FORMAT (//7510%Xs 6HTUTALS»LOX» LAHSULFATE TYPE =,135/7)
WRITE (TWRI1TE»150)

FORMAT (3Xs4HDATA» 7Xs SHFLSH» 7Xs 4HTCTS 99X 4HBLTS» 0Ky
SGHDCTS» 7Xp 2HVS» BXy 4HPPDBS» Xy V5049 5Xy 4HPRED) 5X» 3HNSD
S5Xp 4HFRAC)

WRITE (TWRITE»L60)

FURMAT (4X;3HPT.)8X:3HNU-;71X;ZHNG;7X’ZHNG’6X:3HRCV)
WRITEAWR1TE»180)

FORMAT (3 Xs4HDATE» 3Xs 4HFLSH»4Xs 5HFLSHS» 3 Xs 4HINDL,
2Xs4HCODE» ZXs 4HSTRP»2Xs IHS D4, TXs 4HTCTS» 6 X0 4HBCTS,
5Xs4HUCTSs6Xs 2HVS, 7Xs 4HPPBS» 5Xs 4HPREDs 4X s 3HMSD,

4Xs 3HMSD » 5 X0 4HFRAC)

THE PROGRAM wlLlL ANALYZE A PARTICULAR SULFATE UR ALL°SULFATES,THE KEY 153

cILES

LET



WKITE(WRITE,190)
190 FORMAT (21X 3HNOes 4Xs SHSMPLES 3Xs 4HFL3Hs 3Xs 3HNO oy
L 3Xs3HUSE» 60X 2HNG» OXs 2HNG» 2 X5 4HWDSB 0 Xs 3HRC Vs /)

THE UATA POINT CUUNTER IS 'Nt.

N=0
. TCHRGUL=0 .0

THIS NEXT SET OF VARIABLES ARE THE T1OTALS OF THE COMPUTED VALUES FCR EACH.
(SEE THt UPERATING MANUAL FOR THE MEANINGS)

OO0 OO OO OO0
[=%)

TULS=0.0
TTCTS=0.0
TECTS=0.0
TLCTS=0.0
TV5=0.0
TPPbS=0.0
TPKDNG=0.0
TMSDNG=0,0

THIS STEP Avdlv> READING THE SECOND DATA FILE IF ITS ONLY THE FIRST PASS
THRUUGH THE DATA»L=0.

OO OOOO

IF{L.EQ.0)60T0 75
READ(27, 701 (IDENT(I )= 1;7);CNGUL,ULS:R;81’BZprTCTS

70 FOKMAT( 715 7F)
60TO 1ul

¢

¢

c . : o : :

C THE FIRST PASS THE DATA IS READ IN FROM FORZ2,UNDER A FREE FORMAT(NUMBERS SEPARATED BY COMMAS ONLY)

C .

c

¢

75 READ{READ»100) (IDENT(I),I=1»7):CNGUL:ULS,R:Bl;BZ;Y;TCTS

100 FUKMAT (71,7F)

C .

¢

¢ _ | v

C THc END OF TdE DATA FILE »END OF PRUGRAM»IS SIGNALLED BY A 999,

C

¢

pt

o
<
=

IFCIDENT(L).NEL999)GDTD 135
123 6070 230
1 IF(L.EQ.1I601I0 105

- 8¢1



C THE SUBSTRATE ON A CLEAN STRIP FLASH IS #1110 IN THE S04 COLUMN.
C THE FIRST PASS OF THE DATA HAS ONLY THESE 110 VALUES CHUSEN.
c -

C
C .
FFUIDENTUT) e REo1LOIGUTO 75
1% IF(S04.£Q.0)6UTD 120
¢
C
C
€ THELS IS THE 'SELECTIVE SULFATE'STcP,IF THE SULFATE HAS BEEN
C SPECIFIED AS OTHER THAN ZERO»THIS STEP RETURNS THE COMPUTER
C Tu THE DATA FILE IF THE SULFATES DON!T MATCH.
[
¢
[
IF (IDENT(7).NE.SG4IGOTD 75
¢ .
[%
C
C THE CALCULATIONS bEGIN HEREs SEE THE MANUAL FOR HORE DETAIL.
c } .
C
C
lzv BAVE=(31+Bg)}/2.0 :
BCTIS={BAVE*60.0¥Y)/(SPD*56.0)
BCT>=T1CTS-BCTS
LF(DCTS4LT.0.0)DCTS20.0
C . .
C
c ’ ’ :
C FLASH NUMBERS 531-664 WERE DONE WITH A PLANIMETER AND THE BASE
C AREA WAS NOT INTEGKATED. THEREFORE IN THESE CASES THE DELTA
C COUNTS IS EQUAL TO THE TOTAL COUNTS. - ’
¢ )
C
c

IFCIDENTA2) o LE.BBAIDCTS=TCTS
VS=DCTS¥YFS5/100.0

PPBS=V3*R/VFS
VOLA=({.08205%TDK)/(700.0/760.0)
HSONG=(PPBS*.2%96.0) /7 (VOLA¥50.09)

PEDNG=CNGUL*ULS :
[
[
C THIS NEXT PAMR OF LINES IS USED QUITE OUFTEN.THE Twd LINES,
C IN ACVING TOGLTHER CHOOSE ONLY THE FIRST FLASHCIDENT(4)=1)
C OF A SULFHATE ON A SUBSTRATE(IDENT(6)}=11).
C : '
[
C

IFCIDENI (40« NE«LIGDTD 140

TFUIDENT{6)NE«1L)GOTO 140
¢
C
C : '
C THLIS NeXT LINE SUBTRACTS THE SUBSTRATE AVERAGE(SUBAVG) FROM THE
C MEASUR:D SULPHATE, 1O GIVE THE MEASURED WITHOUT SUBSTRATE

621
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170
17>

OO

196

-

MDWOSB=MSDNG-SUBAVG

THE TOVALING UF THe RESPECTIVE CALCULATED VALUES.

TBCTS=BCTS+TBLTS :
TOCTS=LCTS+TOCTS

TTCTS=TCTS4TTCTS

TUSEVSHTVS

TPPBS=pPBS+TPPBS

LF (IDENT(4).NE.1)6GOTD 170

IF (IDENT (61 NE.11)GOTO 170

THE SD4 ON 3UB. IS A SPECIAL CASE REQUIRING THe SUB.TQ
bE SUBTRACTED GuT FIRST BEFORE ADDING IN THE REMAINING FLASH-
cS AND TOTALING.

THOUNG=MDWOSE

GOTO 175
THIUONG=MSDONG+THSDNG
TPRONG=PRDONG+TPRDNG

C BEGINNING HERE THE RESULTS ARE READ INTU THE YFORVRESULTS FILES.
THe FIRST I35 FHE NON-SULFATE FLAthb- THE FIRST PASS OF THE DATA
DOES NOT WRITe HEADINGS.

AFCEDENT (7)ol To90)0TD 195

IF(L.£EG.0)GOTD 210 ’

AKITE(BWRITESL30) (IDENT(I)s1=is7)sTCTS,BCTS,»DCTS,
VS»PPB5y MSCNG
fDRMAT(dX;IopZX;l5y&(4Xp13):2X;l5y3XpI3IZK;131
FUSKIFT o1 )0 aXsFTe553XKoFTaLs3XsFb6.1)

6GTU ¢10

TECIDENT (4)oNELLIGLTD 197

LFCIDENTA6)WNEL1L1)GUOTO 197

WRITE(WRITES190) (LOENT(I)pI=ls7)sTCTS,3CTS»uCTS» VS,
PPBSsPRONG, HSDNG,MDWUSE

FURMATUZX» 165 2Xs155204X»13)52Xs 159 3X513,2X513,
OXKsFTaks 20EXsFTodl)p3XsFTeHs2XsFTel93XsFbaly
2{1XsF6.1))

GLTO 72

WRITE (WRITE,200) C(IDENT(I)»I=1,7)sTCTS»BLTSyDCTSHVS)
PPBS,PRONG,MSONG

FuURMAT ()XIIO:ZX)IJ,Z(‘QX!IJ);Z)UID;3X;13IZX:I3D )

GXsFTebly242X9FTel)s3XsFTe552Xs
Flels3XoFOaLlryIXsFba1)

U

ort



C IF THE INDIVIvbAL FLASH IS NOT EQUAL TO TdH:e TOTAL FLASHES
C FOR A SANPLL»THE PROGRAM GUES BACK TO wi&T AtL THE FLASHE> FOR
C A SANMPLE BEHJURE WRITING THE TOTALS.

C
C
C
210 LFCIUeNTA{4) NELIDENT(3))6GD TO 75
TF{L61,0060TD 215 )
c .
C
C
C THIS IS THE SUBSTRATE COUNTER FGR THE AVERAGING.THE LINES
C WHICH FULLOwW KeeP A RUNNING TOTAL OF THIS AVERALE.
o
C
C
P=P+l.0
MSDSUB=THSDNG+MSDSUB
SUBAVG=MSLS5UB/P
c
c
C
¢ THLIS IS THE FRACTION OF SULPHATE RECOVERED.ITS FOLLOWED 8Y
C THE DATA POUINT COUNTER.
C
C
c .
215 FRAC=THS50NG/TPRDNG
N=N+1
IF(IDENT{7).LT.90)G0BTO 230
IF(L.EQ.0)GOTO 50
C
¢
C
C WRITING THE RESULTS INTO THE RESPECTIVE FINAL RESULTS FILES
c B
C
c .

WRITE(BWRITES 220N TTCTS» TBCTS,TOCTS, TVS,TPPBS, THSDNG
220 FORMAT(/220X59HDATA PT H51Xs13,

L 10XsoHIOTALSs2XsFT7els2(5%XsF741),4X,
2 F7:553XsFTalsTXsFbeLsl)
GOTL 50 o '
230 WRITE (ARITES250) NsTTCIS»TACTS, TOCTS,TVSy TPPBS> TPRONGS
L TMSONssFRAC :
230 FORMAT {/520Xs LOHDATA PTo #51X513510X,

1 OHTOTALS,2XsF7e152(2XsF7:1)5
2 ORsFTe5s2XpFT7els3XsF0els2XsFbalr10XsFHe357)
- wh1te (TWR1Tes260) Ny IDENT(2)sTTCTS, TBCTS,TDETS, TVS,
1 TPPBSsLDENT(7)s TPRONG» TMSDNGFRAC
260 FURMAT (3XoLl4sTXrl455XsFTeLs2(0XsFT74l)s54Xs
1 FTebs345F70155X003,305Fbeis3XsF0ois3XsF5.3,/)
WRITE (SWRITE»270)INsTPRONG TMSDNG

270 FORKAF(3Xs139202XsF741))
60 YO 50
¢
C
C ’ .
C AETER THE FIRST PASSs, INCKEASE THE *PASS'COUNTER BY DNE.

vt



260

290
99

300
310

L=b+]

IF(LeGTo1)60TL 290

ReAD=27

GUTO 4y

WRITE(WRITES295)P»>UBAVG

FURMAT(//7510Xs 'THC AVERAGE SUBSTRATE BACKGRUUNG U3I
F3e0,Las *VALUESS IS > F5.151%s "NAMOGRAMS OF SULFATEY)
WRITEAWRITE, 310)

WGy

FORMATU/ 7715 30X, LLHSULFATE KEVs/ /5 3LXs8HB1=CUSO4s/531X5

BHHZ2=Ke>04 /931X BHB3=H2S5049 /930Xy LaHH 4= (NHAY25G4,7)
END

ZrT



APPENDIX G

DATA

143



BATE

120779
120779
120779

Lzo779
120ty

- 1é077y

leO779
o7y
1z26779

Lzut?9
120779

120779

1ei379
121379
121379
11375
ledd 79

12137y
121379

121373
121379
11373

TOTALS

FLOH
NU.

o7l
872
873

8§74
87>

870
677
875
u79

B4
851
682

685
bu6
687
868
589

bY94
89y

561
qu2
903

FLSHS
SHPLE

w

DATA

DATA

S

DATA

Blank and

Substrate Flashes

STRIP BATKGROUND

INDI
FL3H

P

(]

PT

T

W P SN e (St

ASIE R EL

WA e

cane
NO.
U
0
0
404
5
0
405
;
o
0
0
406
b
)
0
407
5
6
0
N
0
409
0
0
412
9
0
0

STRP
USE

— b

R e b

-

CLiG
MTHD

105
105
10%

" TOTALS

105
195

TOTALS
105
105

105
105

TOTALS.

105
105
105

TOTALS

105
105 -
105
105
105

TOTALS

105
105

TOTALS

105
lud
105

TCTS 8CT3 LCTS Vs PPEBS MSU
' NG
38L.0 1089.0 38L.0 38100 190.% 243
359.4 1286.8 35344 235940 L79.7 2.2
49¢.5 1184.0 40245 40250 20143 2e4
114249 350i.8 1142.9 1.14290 57145 649
47404 dy3.2 47404 04 T440 47404 3.7
i73.8 1184.0 373.8 +37380 166.9 243
848.2 206742 © b4B.2 284820 ctle3 b0
1211.2 2160.0 121142 1.21120 6C5 6 7.3
36646 1274,.4 360.6 36660 153.3 242
528.3 i339.2 ) 52843 252830 2b4a2 3.2
496.,0 1339.2 496.0 «49600 246,0 3.0
2602.1 bll2.b - 2662.1 2.60210 1301.1 12.7
1027.9 1324.8 1027.9 1.02790 - 1027.9 1244
578.6 1339.2 578406 57860 8943 3.5
445.7 1310.4 44547 «44570 22248 2.7
2052.2 T 397444 2052.2 2005220 1540414 l6.06
3150.0 20496.0 » 1062.0 1.06200 531.4C 64
L 2780.0 . 2030.4 749.6 74960 37448 | 445
3530.0 260644 - 923.6 492300 46148 5.6
278040 1954.8 . B25,.2 82520 478.06 D8
2400.0 1926.0 474.0 47400 23740 249
14640,9 1660540 4034.4 4.03440 2083.2 .o2ve2
3010.0 : 1947.0 106244 1.06246C $31.2 6.4
245040 1839.6 T 61044 » 61040 305.2 307
5460.0 - 3787.2 1672.8 1.67289 836.4 . 10.1
217v.0 1792.4 377.2 «37720 188.:6 243
2200.0 1762.0 418.0 241800 209.0 2e5
2.7

227040 1s2l.06 44844 - JH4B40 22442

14l



11379
lel3iy

LeibTY
121679

121674
121779

122679
L2679
122679

L2267y

122679
Ll2zoi»
L6179

LelbT4
Led2bl3
122679

12c679
12679

L2717y
122774

904
9345

Y12
513

934

G567
G60
969

970

971
972
973

974
G2
970

977
9Ty

GH3
Su4

GATA

DATA

DATA

W

DATA

DATA

o

‘DATA

L

w L.

DaTA

DATA

N

PT

PT

Pi

)

PT

PT

PT

P

PT

a3 N N e

-

2lo

417

447

448

- 15

449

450

451

15

15
15

A

(o} =]

[y

- -

e

tos

TaTaLs

104
Lu4

TUTALS

104
194

TOFALS
104
TUTALS
104
TOTALS
105
105
105
TUTALS
105
TOTALS
100
106
106
TOTALS
106

106
106

TOTALS

108
108

TOTALS

106
108

604040

L 2340,0
2515 .0

465540

363540
246040

6115.0
2390.C
2390.0
2445.0
24465,0
116040
- 2780.0
©3100.0
7040.0
2545.0
2545,0
4&30.0
2825.0
268040
10335.0
23890
295540
2725.,0
11085.0

©3200.0
1855 .0

0460,0
2655.0

39044

1774t
L0000

357486

1629.6
147640

3405.6
c483.2
TR
159240
1562,0
91640
1v988.8
210048
5011 .0

1730.0

178040

1929.6
18334.6
165040

5413.2

1814.4

1728.0
1684.6

v227.2

177640

1394.4
317044

3115.2
127648

12h3.0

bbbz
715.0

1Zk0.2

170544
100U4.G

270944
G003
90648
£3.0
853.,0
244.0
791.2
993,2
202844
76540
76540
2900.4
391 .4
1030.0
4921.8
357040
1227.0
1640.2
5837.8

142440
46046

1884.06

3344.8
1378.2

14243¢0

«D6520
71500

1428024

1.76540
1.00406

2,70940

. 90680

60660

« 85300

285300

«2440C
« 79120
2993206

2.02840 -

« 76500
« 76500

2.90040

099140

1.03000
44921860
3457060
122706
1.04020
5.83780

1.42400
« 46060

1.68460

3.34480
1437820

Syl



DATA BT # 453 Al'dTALS Filb.0 4392.¢6 472340 4472300 4033.9

Lecify 8y i 1 0 1109 522040 2179.2 F040.8 3.04080 304048
122779 98c 2 2 ) PR 270240 10972 16070 1.60782 HER
UATA PT # 454 TOTALS 792540 3u7644 4648.6 4.64862 3844.,7
122779 9wt ¢ 1 2 1 1os 30950 215044 G446 $944£0 9440
Lz217y 98 2 2 0 1 109 3425.0 1464.0 190140 1.96100 980.5
DATA PT 5 4%3 TUTALS 652049 361444 2965.6 2.50560 1925.1
120779 569 é 1 0 1 169 3405.0 1923.6 1481 .4 1.48140 1481.4
122774 990 2 z 0 1 1u9 . 3175.u 2220.u 955.0 £95500 477.5
DATA PT i 450 TOTALS 65800 4143.0 243644 2.43640 195669
122779 991 z i o 1 109 3675.0 1932.0 1943.0 1.94300 19434y
122779 992 2 2 15 b 109 4505 .0 3182.4 1382.6 1.38260 69143
bATA PT # 457 FOTALS 6440, 511444 3325.6  3.32560 ' 2034.3
128779 993 z 1 15 1109 1790.0 1314.0 47640 47600 47640
122779 994 z 2 15 1109 2430.0 164644 136346 1.38360 69146
GATA PT # 458 TOTALS  4220.0 2360.4 1659.6  1.85660 1167.8
122779 995 2 1 o 1109 - 1780.0 . 19040 490.0 49000 490.u
122719 996 2 0 1 109 . 2250,0  ©2030.0 - 220.0 . .22000 110.0 .
DATA PT & 459 TOTALS  4030,0 332040 - 710.0 . 71600 600,0
1ée779 99y 2 1 13 1105 3390.0 168144 150846 1.50860 75444
122779 1000 2 2 - 0 1 105 3205.0 211644 1088.6  1.06860 54443
" DATA PT # 461 TOTALS  6595.0 3997.8 . 2597.2 2.59720 129846 .
LeE779 1001 5 1 0 1 109 4195.0  1964.0 - 2227.0 2422700 2227.G
pzetiy 1002 3 2 0 LoLo9 3340.0 2167.0 1153.0 1.1530C 57645
122779 1003 3 3 v 1 109 3035.0 2090.4 Y4446 94460 47243
DATA PT & 462 TGTALS  10570.0 €245.4 4324406 4432460 3275.8
lecb7y 1004 4 4 13 2 104 | 2935.0 2192.4 74246 74260 371.3
UATA PT & 463 TOTALS 293540 219244 742.6 $74260 37143
lezsty  LUi4 Z 1 8 1 105 1535.0 115942 3756 37580 375.6
L2zo79  1ulo z z 2 1105 3050.0 2293.2 75646 75680 37844

9pT



122579
LE2BTY
leed 79

Le 279
lez€?y

Lieuv ity
122879

12679
1228%7

122879

lecl79

123079
125079
Le3079

123079
123079

123079

L3079

101n
1017
1018

o1y
1620

123
1624

iu2s

10ze

lua?
lo28

1040
1041
1u4e

1043
1044

1049

1650

DATA

(SERETURTE

DATA

DATA

n

DATA

[aS3

DATA

DATA

i O

DATA

N

DATA

DATA

P

P

PT

PT

PT

PT

PT

PT

PT

ro - N

W

4066

407

408

471

472

478

481

nN oG

(= =]

15
15

b b

el - - -

e

-

=

TOTALS

110

110

110
TaTALS

110
1190

TUTALS

110
110

TOTALS

110
110

TOTALS

110
110

TOTALS
105

105
105

CTOTALS

110
110

TOTALS

110
110

TOTALS

428540
310040
2555.0
3343.0

G9C0.0

1440, 0
2676, 0

43i0.u

2195.0
2810.0

5005.0

2850.0
3120.0

5970.0

331G.0
2450.0

576040
352040
3145.0
3065.0

9730.0

3390.90
3350.0

6740.0

2955.0
2250.0

520540

3452.4
2088eU
208049
247840

bosbet

1i25840
223240

236044

134040
2029.2

 3369,2

" 1578.0

2169.6
i747.6

1422.0
19440

336646

2165.0
2092.8

¢i2i.6

©399.4

16873.2
lo64.4

353740

156244
1615.0

317744

1132.6
10i2.6
47442
6670

2353.2

312.0
638.0

Yhiue0

655.0
780.t

1635.8

1272.0
£ 950.4

2222.4

1688.0
503.4

23%3.4
1335.0

l052.2
943.4

53300

1516.8
166546

520244

1.13¢60

LeGL20C
«4742C

«86760

2435320

«31200
«63800

«95000

«85500
76080

1.63%80

1.27260
« 95040

2.22240

1.88800
«506540

2439340
1.33500

1.05220
+94340

3433060

1.51680
1.68560

3.20240

1.39260
«63500

202760

754,2°
IGLZ .
237.4
433.,5

lotZz.6

31240
319.90

vile0

855 .0
390.4

1245.4

127240
47542

1747.2

1688.0 -

252.7
z2140.,7
667420
526.1
471.7
Loo5.3

i516.8
€420

235%.0

1392.0

317.5

1710.1°

26s b

1646
3.8

20.7

Lyl



Computed Results, Flashes 1-1210

LAty Friu FLSHS INGL CDDE  3TRP Sd4 ICIS 6lls S DCTS VS PPBS PReD Mol MO FiAC

HO . SHPLE  FLSH a0,  uSE N6 We  WGSS - RCY

0779 1 B 1 1 1 1 512040  27t4.8 Y2040  5.12000  2560.0 7743 5140

46778 < 3 z 1 101 L3110, 1diZ.4  1110.G  1.11500 555, 0.0 ba7

G0779 3 3 3 1 1 1 79640 840G, 0 790.0 79000 395.¢ - 0.0 4.
DATA PT. # 1 TITALS  7G20.0  «bZf.2  T702C.0  7.02000.° 3510.0 77.3 42:5 2945

T G0TT9 4 2 i 1 2 L 12540.0 125640 2540.u  2.5400G  2540.C 96.4 3047

SUT79 5 é 2 1 2 1 57040 511.2 576,06 HTC00 57040 0.0 5.9
UATA PT. # 2 TOTALS  3110.0  18L7.2  3110.6  3,110000 3110.0 Je.4 37.0 390

16119 b 2 1 i 3 i 3210.0 1eC9.2  3210.0  3.21000  321C.0 120.7 38,6

SOTTY 7 2 2 1 3 i 56040 540.0 56040 56009 56040 .0 et
DATA PT. # 3 TUTALS  3770.¢  214Y.2 . 3770.0  3.77000  3770.0 12647 45.0 378

YuTTy 3 ¢ 1 1 4 1 3406.0  1478.4  3400.0  3.,40000  3400.0 154.5 414

96779 9 2 2 i 4 1 58040 27640 . 580.0 <58000 . 580.0 6:0 7.y
DETA PT. & 4 TOTALS  3960.0 205444 , 3960.C  3.YB000  39560.0 154.5  48.1 o312

$0779 10 2 i 1 5. 1 4750.0 237142 4750.0  4,75000  4750.0 193.2  57.5

90719 1k e 2 . 5 1 770.0 739.2 770.0 + 77000 77640 ° 0.0 9.3
DATA PT. # 5 TOTALS  5520.0- 3110.4  5520.C - 3.52000  5520.0 153.2 b6 .68 . e34E

90779 12 2 1 1 6 1 J070.C  1944.0 5070.0  5.07000 507G.0 217.3  ol.3

U779 is 2 z 1 6 1 590.0  67z.0 ° 690.0 <69002 695G.0 0.0 8.3
' DATA PT. # o TOTALS  5760.0  2646.0  5760.0 ~ 5.70000  576G.0 217.3 69.7 321

90779 i4 ¢ i 1 7 1 5320.G  .8b64.0 532040 54320600 532040 c41.5  bh.3

G077y 15 2 2 1 7 1 620, 0 572.4  620.0 62000 6200 0.0 7.5
DATA PT. & 7 TOTALS  5940.0  2456.4 59400  5:94000  5940.0 241.5 71.3 297

GUTTY i6 s 1 1 8 1 6550.0  2976,0  6550.0  6.55000 ° 3275.0 77.3  39.6
' DATA PT. # 8 TOTALS  0550.0  2976.0 - 6550.0 .55000 327540 7.3 39.6 ' o1z

50779 17 i 1 19 1 2716.0  2032.8 27100  2.7.0066 135540 0.0 1644
OATA PT. # 9 TOTALS  2710.0  2032.8 271040  2.71G00  1355.0 0.0 1044 Ervs

0TI 1 I T 2 i 1 552040 234040 552040  9.92G00 552040 217.3 bb.o

DATA PT. & 10 ’ TATALS 5520.0 234040 ¥5206.0 2452000 5520.0 £17.3 668 307

SYT



GOTTY
YuTTy
GOTTY

WTTS
Gu77Y

91279
91279

Y1279
G119

G127
2127y
GI279

21lety
Glztv

91279
9127

51279
Y1219
91279

i1y

20

21

26

27

28

30

34
EYA

33

34

33

37

ODATA PT.

DATA PT,

LATA PT.

ro

DATA PT.

N

DATA PT.

1N N

DATA PT,

LN VA N

DaTA PT.

N

DATA PT.
1
Gata ﬁr.
.

LaTA PT.

e

w Lo

BN = EAC o EaY N ol

N =

#

11

12

13

-~ =~

14

“lv
10

15

10
.10

16
11

11
11

1}
11

13
i1

19

(SRS

(RS

(€3

v

i
TATALS

1
TJTALS

1
TuTALS

1

1.
faT:Ls

1

1
TUTALS

1

1

TOTALS

R

TOTALS

1
1

TOTALS
1

TOTALS
i

TATALS

1
1
1

32700
527040
5DéU.U
95200
¥31v.0
5310.0

256040
1400.0

7040.0

5930.0

134C.0

727060

3660.0
1300.0

496040
4830.0
£90.0
3z0.0
5740.0

4560.0
580.0

" 2140.0

4760.0
478040
439040
4390.0
4430,0

6©10.0
350.0

9¢4.0
234040
2340.0
233648
2536.8

321449
1353.6

450844

3758.4
124942

50676

26847.6
1231.2
40764t
221542

50440

336.0
5055.2

1744.2
5668

¢312.0

c019.6

2019.06
139¢.0
1896.0
176644

2G04
3v3.06

5270.u
527040

552040

252040

93100
5310.0

9580.U
146040

704040

5930.0
1340.0

7270U

3660.0
1300.0C

49604G

4830.G
590.0
320.0

T 5740.6

4500.C
560.0

£140.0
47500

47600

439040

4390.C

4430.0,

610.0
350.0

5427000
9427000
5452000
5452060
3.31000
5421000

54358000
14406000

7.04000

5.93000
134000

7427000

3.660C0
1.30000

4.96000
4,383000
+ 59060
.32000
2.74000

4.56000
58000

4414000
4.,78000
4. 78000
4439000
4439000
4443000

61000
+3%000

5270.0

5270.v

552C.0

5520.C

2655.0

265£.0

2750.0
730.0

3520.0

2965.0
670.0

"3635.0

1836.0
650.0

246GC.0
483G.0
590.0
320.0
27%6.0

4560,0
580.0

£140.0
4730.0
4780.0
439060
4390.0
4430.0

610.0
350.0

63,7

63.7

06.3

53.1
53.1
23.06

74
bed

«307

+316

e 28¢€

W26t

-il#

671



Gie?9
%1279
S1z79

yia279
v1279
91279

Yla19
v1279

91219 .

91379
Y1379

Y1379

91373
G137

91379
9la79
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524G.0

5240.0
538040
7800
70046
6E6GC.0
302040

302G.0

3240.0°

48G.0
28G.0
17¢.0

4170.0
3210.0
43G.0
140.6

37800

3520.0

540.0

24145

217.3

217.3

bash

b4.4

217.3

Z17ed

bbby

6343

c3.3

6b .7

L6547

l.02¢

ecde

e30t

IST



SLTTY
1779
G177y

w1774
9779
91779

GLery
9177y

91779

vyl779
91779
YA

Y1779
GATTY

G179
91779
91779

91779
Y1779

91779

yilty

[
74

23Y)

b1
be
43

64
g9
yu

41
9¢

93

G4

Go
97

9d

69

3
3
3

-

‘DaTA PT.

BATA PT.

3

3 .

DATA

AN

DATA

DATA

[ESR 8

DATA

DATA

G

[TONTYS

DATA

DaTA

DaTa

PT.

PT.

PT.

[

N W

[ N

it

B

L7
17
42

17
17

17

43

17
17

44

17

45

18

18

15

48

18
18

49

1

50

i9

o

NN

W ww NN |l g

E

TOTALS
1
1
1

FavTaLs
1
1
1
TUTALS

1
1

TOTALS
1

TGTALS
1
1
1
TOTALS

1

L
TOTALS

1

1

1
TOTALS

.

1
TOTALS

1
TOTALS

1

400040

3170.0
45040
36040

398u.0

4630.0
©l0.0
230.,0

5670.C

86C.0
125.0

480.0

325060

390.0

210.0

3850.0

L06G.0
290.0

1350.0
2140.0

580.0
240.0

276040 -

2360.0
40040

2760.0
3160.0
316040

282040

leideo

1L04.u

35248

349.2
1o06.0
13£3.6

4bley
20440

B76.0
d64.06

1240.8

1369.2 -

136942

22840

4060.¢
3170.¢C
4bU.u
36G.0
394C.uU
4330.0
6lUeu
230.u
5670.0

860.0U
12540

985.0

480,06
46040
3250,0

390.0
210.¢

214040
380.C
24040

2760.0

236040
4G0.0

276040
316040
3160.0

2820.0

4460000
3.17000
42000
« 36000
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3.09000
55000
225000

3.,69000
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314040
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4.44000

2493000
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15200.0
700.06

1590040
14656.0
157040
935.0
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21400

167540

5230.0

1670,0
3370.0
2180.C

7142040

2400.0

T 2600.0

1190.C
6190.0

1220.,0
2570.0
1610.0
160040
7000.0
324540
2770.0
168040
769540
4330.0
3340.C
1700.0

.9370.0

3840.0
2400.0
153040

777040

132060
2920.0

ecibhe2
i843,0

06742

" Zoleb

14c8.8
G164

294646

608.4
2630.8
i974.0
$413.2

56640
1377.6
Lid4.8
3168.4

45804
2332.8
1526.4
1516.8
56€4.4

621.6
2491.2
lot3,.2
47160

beu.0
282244

156848

5077.2
206546
225346
1483.2
H8zZe4

46844
z74342

26G0.¢
19zL.U

6435.0

3015.0
2140.0

1675.0°

6230.0
1870.0
3376.0
21800
T4¢0.0
24006.0
2600.0
1190.0
6190.0
1220.0
2570.0
161040
1600.0
70060.0

3245.0

277060

166040
7695.¢
4330.0

334G.C
L7C0.C

1 §370.0

3640.0
24G0.0
1530.C
777060
132040
2920.0

2.69000
1.96000

5.43500
3.01500
2414000
1.07500
6423000

1.87060
27000

©2.1EG00

74420060

2.40000
2460000
1.19000

6.19000
1422600
2457000
1.610600
1.,60060
7.00000
3.24500
2.770600
1.66000
7469500
4.53000
3.34000
1.70000
9.37000
3.84000
2440000
1.53000
(.77000

1432000
2492000

134L.0
98¢.0

11250.6
15075.0
214G.0
1075.0
1629C.0
G350.0
1685.0
1050.0
12125.0
12000.0
130040
595.0

13895.0

- 6100.0

1265.0
805.0
800.0

899GC.0

16225.0

1385.0

840.0
1€450.0
21650.0

1670.0

§50.0
24176.0

3840.0

120C.0 .

7565.0

5805.0

€606, 0
1460.0

500.0

¢17.3
Cel
C.0

217.3

19%.0
596.0
Gs0
0.0

3906.,0

16.3
11.9

136.1
182.3

25.9
13.0

221.2

1i3.1
E0.4
13.2

l4t.0

79.6
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L4
e 7t

423

»D4€
374
«36E
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Wiloety

LOL6TY
101679
101679

161679
101679
iuvleTy

U167y
101679

10L67Y
1uio7y
101679
101679

101679
Lok679
161679

1¢1679
tule?9
10167y

Lo1679
101679
1C¢1679

lvle?9
1Cleiy
10167y

358
399
309

36l

362,

363

364
365

360
367
308
369

370
371
372

373
374
375

376
377
378

379
380
3481

vaTa

o

BATA

woww

DATA

NN

DATA

Bl Sl

DATA

o

DATA

DATA

3 52
PTe # 134

1 53

2 53

3 53
PT. & 135

L D4

2 Y4

3 54
PT. # 136

1 Y4

2 54
PTo # 137

L 55

P4 55

3 55

4 55
PT. % L3b

1 55

2 55

e} &5
PTe # 139

1 55

2 55

3 5%
PT. & 140

1 96

Z 56

3 56
PT. # L4l

1 56

2 56

3 %6

Rl www [N ER X
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e o S

4
TTALS

4

4

4
TUTALS

.

4

4
TUTALS

4
4

CTOTALS

S

TUTALS
4
4
4
TUTALS

4
4
4

TOTALS

Z0G00.u
0400
189540
300u.C
L960.C
6655.0
242040
2720.0
1830.0
6570, 0

426040
325040
7510.0
1146.0
308u.0
204040
1975.0
8235,0
457050
2560.0
2010.0
.9140.,0

1640.C
3706.0
204040

7360,0
3110,0
320040
202046
‘83300
2040.0

269040
201040

196040
Hlileu

20440
244444
1692.0
404044

5680
207366
1674.0
4335.0

473.6
2370.4

30440

46844
2671946
1876.0
1848.0
6894.0

2574.0

2340.0

19¢0.0

6834.0

331.2
31584
194440

£433.0
055.2

273040
190d.0

5293,2

0006+4
234040

- 191440

20GUev

0264040

1895.0
3000.0
196040

6855.0

242040
272C.0
18306y
697040

426040
3250.0

751040

1140.0
306040
2040.0

1975.0

8235.0

45700

256040 .

2010.0

91406.0

164040

3700.0
2040.:0

7380.0

3110.0
320040

z2020.0

8330.0
2940.0
269G.6
2010.C

2.00u00
6.24000
1l.09500
3.u0ULY
1.%96000
5.85500
2042000
2.72000
1.820C0
&e97000

4.26000
3.25000

751000

1.14000
3.08000

2.04000

1.97500
8.23500
4.57000
2456000
2.G1000
9.14000
1.64000
3.70000
2.04000
7.38000
3411000
4.20000
2.02000
3433000
2.04000
2,69000
2,01600

100G.0
906G.0
9475.0
15006.0
98¢C.0
11955.0

12100,0

1360.0

91z.0

14372.,90

21300G.0
1625.0

22925.0

5700.0
1540.0
1020.0

987.5

9247.5

457040

128040 .

1005.0
685540
16400.0
1850.0
1020.0
19270.0G
15550.0
160040
16.0.0
18160.0
1020040

1342.0
1003.0

0.0
199.0

367.0
G0
0.0

100.0

160040
Ca0

- Ue0

1960.v

600.0

400.0
0.0
0.0

i2.1
109.6
Li4.6
ig.1
il.%
ia4s0

L4643

1644 -

il.1

(27743

68.9
1846
12.3
11.9

111.4
55.3
15.5
12.2

82.9

198, 4
2244
123
2334k

188.1
19.%
12,2
215,06

123.4

loe3
12.2

304

275

233

a35¢€
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101679
101679
L1679

1061779
101779
1ul779

1061779
1O0L779

101779

101779

ivl?779
1561779

SV o A
161779
161779

LGETTY
1C1719

101779
101779
161779
LOE? 29

11779
ivl779
(w1779

382
383
384

38
380
347

388
349

390

391
392
393

394
395
396

3G¢

398

39y
400
404

462

403
404

405

DaTA

e

BATA

[PVRE CR PN

BATA
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DATA
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DATA

wow e

DATA

LATA

Pt S S

DATA

[SL]

" DATA
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Pr.

PT.

PT.

PT.

w e e
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#
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57
57
57
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57
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148
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149
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TUTALS
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TUTALS
A
4
4
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4
4
4

TOTALS
4
4
4
TOTALS
4
4
4
TOTALS
4
4
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TOTALS
3
3
3
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D740,V -

2u05 .0

41700
2610+ 0

956540
9L50.0
2589.0
2040.0
267940
4715.0
35640.0
2100,0
10355,0
20950
319040
2050..u
7335.0

5500.0

© 22000

1600.0

9300.0

395040

33600
7310.0
2550.0
3760.0
590040
4280.0

174500
33200
348040
2166.,0

4960.0

466244

0l9.2
31CU. Y

22324.0°

5952.0

2olbe,0
20%5,.2

174040

&332

7244
2730.0
1060.,0

534244

78840
27cle b
18b4.,0
5193.6
3304.8

1944.0
1507.2

3591.6

6U8 4
223008
14795.2
3110.4

1074448
799.2
2805.6
1944,0

554646

€740.0
2805.0
41700
2610.C
9565.0
PRI
2589.u
204040
96790
L 4Tlo.0
3540.0
2100.¢
10355.0
209540
3190.0
2050.0
7335.0
5500.,0
22004u
16G0.0
9300.0

395040

3360.0.

73100

2550.0
376049
6900.¢
426040

17490.u

332040

3460.6

1216040

8960.,0.

5.74000

2.Eu500
4017000
2461000

9.56500
5.05000
2.58400
2404000
9.67900
4,71500

3.54000
2.10000

0ok R

2.09500
3.19000
2.05000

7.33500
5.,50000
2420000
1.60000
9030000

3.,95000
3.36000

7.31000

2455000
3.76000
6490000
4.28000

kKA

3.32000
3.48000
2.16000

6.90000

1402640
208540
130%.0

17415,0

505040
1294 .5

1020.0

7364.5

23575.0
1770.0
105G6.0

26345,0

1047540
1595.0
1025.0

1309540
350040

1100.0
go0.0

740C.0

19750.0

1686.0.
214300

"1275040

3750640
3450.0
2140.0

22100.0
16600¢0

1740.0
1080.0

19420.0

ot9]

402

396

504

435

«377

79T



LO1779
1viT79
101776

«01679
lutésy

Luls7y
1ule79

101879
LGaw?9

iv1879
161679

101879
1Ulu7Y

Lwig7y
101629

10187y
101679

1ui679
101679

lula79

400
40G7
408
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4147

41
4le

413
414

415
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417
41y

419
420

421

422
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DATA

NN

DATA
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DATA
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DATA

DATA
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3
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4
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1400.0
296040
211G«0
297040

4780.0C
358040

g30U.0

3740.v
3240.0

6980 ,0

3185.0

-33606.u

6545.0

3212.0
269040

0105.0-

2935.0
2620.0

5755.0C

2965.0

105040

4035.0°

3375.0

310040

6475.0

2280.0
3100U.C

5360.0G
294540

2945.0

36706
29192
c492.8

L249.0

17248
cblaien

3374.4

60040
2572.8

317z.b

46942
25€¢3.2

3032.4

66044

2343.6

" 302440

522.0
2259.6

278L.0

604.8
562040

6424.8

57000
242746

300346

652.8

2008 .8

L96G .0
296640
511040
9970 .0

476040
3560.0

83c0.0

3740.C
3240.C

6960.0

216540
3360.0

3215.G
269040

6105.C

2935.0
2820.0

2965.0
1050.C

4035.0

3379.0
310040

ba7he0

2280.0
3100.0

5360,0
2945.0

€G45.0

1.50000
2+49600C
54140600

947000

4478000
3,56000

84360630

3.74000
3.24000

b6+498000

3010500
3.36000

3421500

2.89000°

©0.10500

2.,93500

2.82000

5. 15500

2498500
1.05000

© 4.03500

34375060
3.10000

6,47500

2428000
34100060

9+38000
2494500

2494500

19G00.0
.1480.06
2554 .0

23035.0

23966G.0
179040

25630.0

16700.0
162G.0

2032G.0

12925.0
1680.0

17605.0

16075.0
14450

1752C.0

1467540
1410.0

16065.0

14925.,0
52540

1687540
1550.0

18425.0

11460.0
1535G.0

12950.0
1472540

14725.0

56040
0.0

590.0

€23.0
00

623.0

623.0
(%Y

©23.0

397.0
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397.0

79440

79440

229,06
17.9
400y

2Tu.6

ce9.1
21l.0

31047

2Z6e¢
19.6

clled

177.5
17.1

194,55

1805
b4

18649

2041
18.7

22¢z48

137.9
18.7

13600
17801

176.1

310

«30C
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104979
101979
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101979
1ui9g79

LO1979
1u1979
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LU1979

0

161979
1u1979

[AVR AN ]
101979
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Lolwiy
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1u1979
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429
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431
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433

434
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440
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DATA
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DATA
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DATA
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3
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3
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4
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3
3

TOTALS
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3
3

JbuU.
2310.0

327G 0
2022.0
9300.0
25360
985540

i56V.0
97040

2530.0

2285.0
22600

45405.0

265040

2600.0

5250.0

268540

2340.0
5025.0
272560
342040
1460.0
194040
9545 .u

3695.0

2650.6

6345.0

3380.0
2500.0

5860.0

2450,0
1350.0

47G. 4%
1839,0

2310.0

45040

© 327346

1733.2
E4buaed

3uYeb
748.8

1il8.4

441.6 -

1828.8
227044

52404
2167.2

2691.6

518.4
1900.8

2419.2

591.0
226440
1864.8
1506.0

624742

61346
1843.2

245b.8

58302
1972.8

30,0
23100
3270.0
202540
530040
253040
G855.C

1560.0
9700

2530.0

2285.0
226040 .

4545.0

€650.0
26060, 0

525040

2685.0
2340.0

5025.0

2725.¢
3420.0
1460.0

©1940.0

9545.0

3695 .0
2650.0

6345.0

33¢040
2500.0

« 96000
24310060

3427000
2.02500
5.30000C
2.53000
9.85500

1.56000
«97000

2453000

2028500
226000

4454500

2.05000
2.00000

5.25000

2.68500
2434000

5.02500
2472500
3.42000
1.46000
1.94000
9454500

3.69500
2465000

5434500

3.38000
2450000

5.88000

2045000
1.35000

48006,
11550

595¢.0
10125.0
265C0

20t oG
1404C.0

7800.0
976.0

8770.0

"114¢5,0

113G.0
12555.0

1325060
1300:0

14550.0

1342540
1176.0

1459¢,.0

13625.0

171040 |

730.0
370.0

1703540

18475.0
1325.0

19800.0

16900.0

1250.0
18150.0

2450040
135C.0

178.0
Gal

17640
40U U

0.0

296U

890.0
.0

170.0

Lb2.4
l4.2

17645
lea.s
2047
8.8
1.7

20640

22345
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20444
15.1

219.5

29643
16.3
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L3de

2300
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Lugi ?y
162179

102219
102279

luge?9
16221409
1062279

luzi 9
102¢79

102z79
102279

w2273

10ec79

162279
106279

Wezyy
162279

i02279
102279
102279

44y
4hG

451
452

4%
454

. 453

4%6
457

459
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460
401

402
453

4649
465

4bo
467
469

DATA

[PV i)

DATA
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PT.

PT.

PT.

WA e N
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WA e
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‘70
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L e
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wowr W

FITALS

4
4

TOTALS

4
4

TOTALS -

4

4

4
TUTALS

&
4

TOTALS
3
3
TatTaLs

4
4

TOTALS
4
4
TOTALS

4
4

TATALS
2
2
2

TAOTALS

360640

245040

225007

47600

4165.0
L680.6

5645.0
2490.0
3600, v
25160
duuL. 0

3165.0
4040.,0

7205.0

L 2675.0

282040

5€95.0 -

557040

2790.6.

6360.0

152540
2210.0

22000

2170.0

4370.0
2625.0
625040
3500.0

12375.0

14124

408.0
176G.¢

21%7.2

04840

127648
1924.8

32746

270448

2620.8
565342

64840
3321.6

3969.6

95044
246204

3412.8

23227.2
2332.8

438€0.0

448,98

212480

2572.8

22€7.2

60U.0
442240
269644

7718.4

36C0.0

245040
2500

4700 .0

4165.0
1680.0
9845,0
249C.0
36CU. U
25100
660ULU

31540
4040.0

720540

2875.0
2820.0

5695.0

557040
2790.0

8360.0

1525.0
2510.0

4035.0

220046
2170.0

4370.0
262540
62500
3506.0

12375.0

3.80000

245000
2023000
4.70000

4,10500
1.,63000

5.64500
2449000
3.60000
2.51000
8.60000

3.16500
4.04000

7.20500

2.67500

2.82000

- 5409500

5.37000
2079000

8.36000

1.52500
2.51000

" 4.03500

2020000
2.17000

4437000

2462500
6425000

3:.50000

RRFRREF

2EBY0.L

12250.0
112540

13375.0

206¢5.0
1680.0

22505.0
24900.0

18G0.0
1255.0

2795540

31650.0
2020C.0

33670.0

14375.0
141C.0

15765.0

557C.0
1395.0

6965.0

762540
1255.0

§88G.0

11000.0
1085.0

12085.0
26250.6
312E.0
175¢C.0

311é5.0

89040

397.0
Ual

397.0

596.0
U. 0

. 99%.0

199.0
0.0

199.0

397.0
0.0

338.1

382.¢
24.4

4G7.2
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17.1
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lo.?

8442

e321
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437

«41Q

426

831

e 30b
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162379

102373
102379

162379
Lu2379

102379
162379

lv2idre
162379

102379
162379

162379
w2379

102379
LUCHTY

102379
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4865
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AV o
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73
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TITALS
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4
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3
3
TOTALS

3
3

TUTALS

3
3

TOTALS

3
3

TUTALS

3
3

TOTALS

E)
3

TUTALS

2
2

TOTALS

2
2

TOTALS

22050
4300.0

0565.0

3790, 0
34b0.0

T245.0

253540
245040

4985, 0

1040.0
2590.,0

3630.0

2565.C
2360.0

4925.0

1325.0
2590,0

3915.0

2375.0
311060

5485.0

361060
2900.0

9075.0

2985,0
6430.0

'9415.0

BT
101444

36LT .0

T2Cau
c640.0

33009

Jb3.2
1843.2

2uzdelr

Ba2.n
2008.8

2851.2

515.6
2326.8

2942 .4

540.0
2707.2

3247.2

84040
2503.2

33643.2 -

57240
3564.0

417060

vw33d.6
29304

35¢4.0

ceewdau
430500

L565.06

379540

d4L040

7249.0

253u.0
245040

498240

i04G0
2590.0

3630.0

2565.0
2360.0

49235.0

L325.0
2599.0

3915.0

2375.0
3110.0

54€5.0

381040
2900.0

5710.0G

3722.0
53%0.0

9075.0

29850

. 6430.0

944540

2426500
4.300C0

0.56500

3.795C0
3445000

T.24500

2453500
2445000

4+98500

1.04000
2459000

3.63000

2456500
2430000

4.92500

1.32500
2459000

3.91500

2.37500
3.11000

5.48500

3.81000
2490000

6.71000

3.72500
5.35000

9.07500

2.98500
6443000

9441500

11325.0
215640

13475%.0

1057540
1725.6

2070G.0

12675.0
122540

1390640

520€.0
1295.0

649540

12825.0
118G.0

14005.0

6625.0
1295.0

7920.0

11875.0
1555.¢

13430.0

1505049
1450,0

20500.0

18625.0
2675.0

21300.0

1492549

3215.0

1814040

400.0
0.0

400.0

£96.0
0,0

£9¢.0

137.6
26.y

16540

22940
26,9

2504

193.3
la.y

Lode L

62.9
15.7

7846

15541
1443

16944

80.1
15.7

9548

180,35
38.9

219.4

40

e44l]

«53b

«365

0322

274

891



ives79
10eh7H

102519
leeh iy

. kGeoTy

LLzetre
iva2ely

Luzo?d
luze?d

Lveu?y
10207y

102679
LG2679

1uze?d
lvze?y

C1u207Y
Leo9
w2619

102979
L6297y

483
490

451
492

495

494
495

496
497

49¢
499

500
501

02
503

504
506
507

o
509

DATA

oo

DATA

"DATA

DATA

DY e

DATA

PT.,

PT.

PT.

]

ny -

~ o

o N =

NN

5

193

71
77

194

77
7

195

IL:]
79

196

9

197

73

60

198

81
81

[

nere

e

wu

-

P
3

TITALS

3
3

TJITALS
3
TOTALS

3
3

TOTALS

5
3

TOTALS

3
3

TOTALS
3
3
TOTALS

3
3

TOTALS

[
4
4
TOTALS

3
3

TOTALS

3215.¢C
265000

61¢5.0

179340
1240.¢

3035.0

456040

4960.0

4000.0

2965.0
3510.0

6475.C

6340.0
3630.0

997040

3760,.0
285040

064G+ 0
5300.0
2145.0
3300.0
1074540

365540
4000.0

7955.0

EXV
17Clo.d

Zull.e

5G4.8
30.0

63448
1600
760.0

2712
lab4a.4

2023.0

27682.8

2698.,0
27C4.8

560244 .

196040
2304.0

426440
950.0
594.0

2347.2

3921.2

912.0
2944.8

365648

321%5.v
295040

olés.0

L765.0
1z4G.u

393%.9
490040
496040

415G.C
273C.¢

6bBUC

1600.0
240040

4000.0

296540
3510.0

6475.0

6340,G
3030.0

9970.G

379040
285040

664040
5300.0
2145.0
3300.0

1074%.0

3555.0
4000640,

7955.0

3.21900
e 95000

6.16500

1.79500
1.24000

4,90000
4496000

4415000
2473000

6.88000

1.66U00
2+40000

4.00000

2.96500
3.54000

6.47500

6.34000
3.63000

Y+97GG0

3,79000
2465000

6.64000
5.30000

2414500
3.30000

ROk R R R

3.95500
4.,00060

7.95500

160750

1475.0
17550.G

8975.0
2G40

G599..0
2480640
24600.0

20750.0
130540

2211540

£000.0
1200.0

9200.0

29650.0
1755.0

31405.0

6340.0

1815.0

1 3730.0
142540

5215.0
265G0.0
16725.0

165C.0

ILBT5.0

19775.0

26G00.0

2177540

44.5
59640
199,06

.0
795.0

44940
G0

445.0

19444
17.48

21243 AT7T

Lud.0
145

“1lb.0 Eh¢
300.0
300.0 481

£5i40
L6y

26745 . 429

96.49
1445

111.3 2y

35840
21.2

379.8 Cahed

1647
2240

98.0 1.0t

45.48
17.¢

63.1 Lo4i7
320.9
12947

2040

470.2 . S L1

2442

26344 592

691



lu297y
LOZ9TY

iwz9trs
102979

T 10z9iY
LG2979

162979

110079
110679

Liue?9

L 1ile79

110679
110679

41067y
110679

liubiy
110674

LI0879
120879

510
511

513

531
bie

DATA

UATA

BATA

DATA

™N ==

N -

AV o

N =

g1
81

290

bl

62

202

23
(2]

203

83

2006

207

NN

P

4
4
TITALS
¢
TUTALS
4
TITALS

4

4

TOTALS
3

TUTALS

4
4

TOTALS

3
3

TOTALS

2
2

TOTALS
4
4
TUTALS
3
3

FTOTALS

351540
4000.u

5150

333040

3330.0

3555.0
309540

L5250
4820.,0

1745.0

2880.0

288040

5950.0
305.0

6255.0

4960.0

. 2210.0

7170.0

745.0
1570.C

2315.0

16006.0
21040

3780.0

1430.¢
1£80.0

3310.0

76149
452.8

1032.0
315346

41b5.0
85T a0
8976
SEdey
BE8,V

4320
343404

38cbet
45040
480,0

3078.0
1866.0

3264.0

2570.4 .
177664 |

4348.8

23640
1320.0

15:0.0

SU4.0
1612.8

Zllo.8

204.0

1336.0

lo42.0

28540
Locbe0

3545.0
4000..L

7213.0
3330.v
3330.0
3555.0
3555.0

292%.0
482040

7742.0

2880 .

28680.0

5950.0
30540

G250 .0

496Ul 0

221040 -

717040

745.0
1570.0

2315.¢

166U.0
216U.0

3700.0

143G.0
1060.0

3310.0

7619
452.8

3451500
4.060C0

3.33000

3433600

3.55500

3455500

2092500

4.82000
7.74500
Z.8u000
288000

5.95000
«30500

6+25500

4.9€000

2421000

7.17000

« 74500
1.57000

2.31500

1.60000
2416000

3:,70000

L.43000
1488000

3.31000

« 70190
«45280

1727240
20u0.0

1957540
Lot50.0
1665C0

17775.0

177750

2922640
2410,.0

310¢C.0
2660C.0
28600.0

5350.0
152540

7475.0

4960.0
1105.0

6005.,0

3725.0
765.0

4510.0

8000 .0
1090.0

$09C.0

715040
940,0

8060.0

38065

226.4

39740
39740

79440
(VRYY]

34,0
£96.4
69C .0

99.0
Va0

6%.0

106.0
V.0

100640

199.0
Loy

199.0

17640

Us0

178.0

178.0
U0

73.4

45.1
Seb

5445

J6.t

1342
10449

86.5
11.4

9748

46. 1
241

D0

«Lus

DA P

A3

391

WGly

l&dl!

vIoe

041



Lius7y
110879

livb9
110ET9

110879
1i0u79

10979
Liv979

1i1279
111279

111379
111379

111379
111379

L1L379
111379

111379
LiL379

11137%
111379

533
534

53>
530

542
543

548
549

550
551

558
5

563
564

569
566

569
570

571
572

DATA

SN

N =

N =

334

bo
1]

338

<0
90

340

%0
G0

-

LSS

—

[ACIE A LIS

[

TATALS

4
4

ToTALS

3
3

TOTALS

3
3
TOTALS

3
3

TOTALS
3
3
TOTALS
4
4
TOTALS
4
4
TaTALS

4
4

TOTALS

3
3

TOTALS

3
3

ick4e.7

208445
463.0

2540.1

1765.%
42045

2210.3

10494
42045

L46G.Yy

£05.1

82646
1631.7

30549
77949

3634.8

1710.7
70b.0

2418.7

2blbeh

436.5

305449

190448

28G.3

2185,1

3507.7

531.9
4G35.6

1912.0
316.3

i%7i.0

3903
1587.0

15E3.0

366.0
160040

219040

06440
113746

2001.6

56440
421v0.8

4TeU.8

188106
24720

4353.6

" 501.6
2793.6

3295.2

1952.0
1920.0

2912.0

3936.0
152644

246204

52840
1651.2

z179.2

lav3.o

1884.0

L2la.7

Z0b4.5
463.b

2543.1

L769.8
42045

c210.3

1045.4
42045

1469.9

80541
826s0

1631.7

3054.9
779.9

3834.8

17107
708.0

3054.9

1904 .6
260.3

218501

3507.7
53L.9

4039.6

1912.0
3l6es

ie20470

2.00450
40350

2454810

1475980
<42050

2421030

L.04940
042050

145990

«80510
282669

1.63170

3.03490

© 77990

3.83480

1.71070
< 70600

2.41870

2.61640
«43850

3.05490

1.50480
228030 -

2.18510

3.50770
«53190

4.03960

1.91200
«31630

9159.3

10494
210.3

1259.6

4025.5
413.3

4438.05

3054.9
350.0

3444.9

8553.5
354.0

8907.5

26164

215.3

Z835.06

952.4

140.1
1092.6

175365
266.0

17804, 4

191z.0
158.1

176.0

397.0
Ge0

44540
00

%4249

4445
Ca0

4445

176.0
Ue 0

176.0

9G.0

G. O

G9.0

- 5G.0

0.0

5C.0

623.0
Ge0

89.0
Vel

bt .8

12641
2.8

1268.9

10842
Ze2

110.8

41.7

103.5
4.3

107.7

31.6
2.7

34,3

o
e
P
-

13.2

2i2.1
3oz

21943

23.1
1.9

274

342

332

4ok

2271

348

264

o34t

TLT



111379
121379

111479
111479

;;1479
111479

111479
i1i479

kiLiaty
L1479

111579
L1179

L1179

111579,

L1iviy
NN

L11L779
113779

L11779
1LLL779

AT
ARSI
S

573
570

579
560

583
Y9

591
92

591
5G4

599

w00

GWL
602

6ud
600

007
6006

e

™

N

343

91
91

344

31
¢l

345

92
92

£~

r~

-

IV

NN

w

TaTaLs

Ty
3

TITALS
3
3
TOTALS
4
4
TUTALS

3
3.

TUTALS

3
3

TOTALS

3
3

TOTALS

4
4

TOTALS

3
3

TOTALS

4
4

TATALS

4
4

222863

lel8.¢
29643

211649

224247
z19.2

24€Le9

35940
20163

100U.3

1329.8
24C.8

1579.06

2271 .4
319.9

2591.3

L031L.5
21546

1247.1

1229.1

779.9

2009.0

66G.7
65143

- 153160

£781.8
76i.9

3543.7

128047
21745

412.8

2988.0

34CUY

1430.4

1uZ8e4
2468.8

1430.4
1444.8

2815.2

1660.0
162640

3339,0

319.2
1895040

2209.2°

2376

1555.2

1792.8 °

Ebet
254848

30u7.2

34149
2430,9

222643

lulé.e
29543

21lo.9

c24ze7
219.2

246149

859.0
201.3

L1U60.3

1329.0
240.8

137u.6

227144
319.9

2591.3

1031.5

215.6

1247.1

1229.1
779.9

2009.0

869.7
66143

31.0

wn

1

276148
761 .9

354347

128647

517.0

2.2¢830

Liboiu60
29830

2411590

2424270

£ 21920

2446190

© 85900

20130
1.06032

1.32980
« 24080

L.57060

2427140
"+31990

2.59130

1.03150

« 21560

1424710

1422910
« 77990

2.00900

66970
«66130

1.53100

2676180
+ 76190

3.54370

Le2807C
$51750

2070.1

1618.6
14941

1967.8

224247
109.6

2352.3

42950
100.:6

4395,7

1329.8

12G.4

1450.2

2271 .4
15%.9

2431.4

1031.5
107.8

1139.3

6145.5
396.0

©535.5

4346,95
330.7

4679.1

13906.0
381.0

1428G.9

E9.0

890
C.C

Byt

8940
G.0

89.0

199.u
UG

199.u

L6.i

Lo
21745

2745
1.9

eEB1

« 320

«330

43y

LT



1779
111779

131779
111779

111779
Y7ty

111779
111979

111¢79
14ib79

111879
Lile?9

L1679
LLLIETO

Lidkvvd
114973
L1197y

Li2b79 -

kle3i9

1bed79

ol?
cly

ocl
622

625

626

030
€3t

bad
633

649
650
51

74y
719

DATA

PT.

PT.

PT.

PO b=

EA o

Ny

[ N

.

323

39
99

100
130

355

1ud
160

356

10u
100

19l
101

- 359

191
101

360
104
104
1G4

361

b

[ [pS

N

wu

NN R

CTOTALS

2

4

4
TITALS
3
3
TITALS

4
4

TUTALS

-3
3

TOTALS

4
4

TATAL>

4
4

TOTALS

4

4
TOTALS

4

4

4
TOTALS

4

4
TUTALS

3

Lb04%.2

Llddso
305.5

1434.C

2e06.7
420.50

26272

247247
20449

2677.06

87649
294.7

1171.06

1717.9
56739

2285.8

626.6
334.2

1160.8

633.¢
4313

126541

205248
611.0
3091

267549

2393.6

c47le9

120000
11l6.8

23048

44049

16¢3.2

cU44,1

37849
luio WO

203440

316.7
165640

1972.7

57640
241444

¢990.4

383.0
1303.6

2166406

436498
1749006

2186.9

clZ2.0
¢044.4
147946
413644

57844
231346

lol4.2

bT€,.9

2%4.7

1171.6

17179
5679

2285.8

Gzb.0
334.2

11¢0.8

833.8
4513

1265.1

2055.8
611.0
309.1

297549

228504
8GY«5

3087.3

235346

Lev0420

la1c850
2305590

1445400

2420670
« 42050

2+62720

2.47270
N 20490

2467762

37090
29470

Lel7160

1.717%0
26790

2.28580

82660
033420

1.10080

63380
43130

1e28510

2.05580
«61100
«36910

2097090

2.26580
(60150

3.06730

2439360

vb9¢ .3

1128.5
152.8

1281.3

1103345
21C¢.3

112438

le303.5
102.4

1246640

4384.5
147.4

4531.8

658945
28440

887344

4133.0
107.1

43006.1

4169.0
21546

438447
10276.0
30%5.5
1%4,5
10759.1

1142940
40048

1i629.8

1196€.0

199.0

19%.0

196.0
397.0
U0
G.0
394.0

397.0
Go

39740

G400

80,9

i3.c
leb

1245

133.4
245

136.0

149.5
le2

120.8

$4d7

<310

«3JC

380

<30t

2740

olbl

L T

gLt



Y1e3d9

112379
112379

112379
112379

Lie979
1yzory
Lie%9?9

113079
113079

1135079
21.3079

11207y
1130679

LedU7Y
113079

113079
113079

113079
113079

728
729

730
73L

762
703
7o

773
T4

77
778

787
T84

749
790

791
792

DATA

~or

UATA

%

DATA 1

LM V]

DATA

PT.

PT.

P

P =

[aCIE

363

3606

367

360

[ o)

[p3 38

NN i L

wons

E

3
TOTALS

3

3
TOTALS

E}
3

TOTALS
4
4
4
TOTALS

4
4

TOTALS
3
3
TOTALS
4
4
TOTALS
3
3
TOTALS

3
3

TUTALS

3.
3

TOTALS

clie®
36046

1107.0
348 .0

L4vs.6

80,61
359.4

116445

T 223505

2249.8
1020.7

5506,.,0

1365.7

142342
2768.9

3579406
876.9

4450645

733,2
974.0

1707.2

159,868
830.2

2390,0

204846
930.8

£979.4

171749 .

1009.9

212746

237640

2968.0

LTLG4
1717.2

342346

394,49
174640

214048

cil.8
277200
200742
54G97.0

489.6
€292

276b.8

22G4.4

2203.2
4467.,6°

352.8 .
2lb4.0

253648

441.6
2140.8

ollev

300446

1107.0
34p.¢

1455.6

Bus.l
356.4

1lo445
224545
224548
102047
550646

1365.7
142302

2768.9

35790
87649

445645

733.¢
974.0

1707.2

1559.8
b30.2

239040

2046.¢
93048

29794

L7117.9
U099

272146

«E1100
3400460

Le1G700
«34060

Le45%5060

80310
+35940

1.16450
2,25550
2.24980
1.02070
550600

130570
1.4¢320

. 2478890

3.57960
w87690

4445650

073320
297400

1.70720

1495980
53020

© 2439000

2404060
+93080

2497940

1.71790
1.060990

2472760

305.5
1227345

1107.0
17402

1284.3

4025,5
179.7
4205.2
11177.5
1124.9
51043
12812.7

6828645
711.06

7540.1

357G.0
438.5

4018.1

3666.,0
487.0

4153.0

7799.0
415.1

821441

106243.0
465.4

10708.4

L9895

50540

905444

445.6

4442
0.0

44949

178,0
0.0

17840
397.Q

0.0
060

211.9

0.0

eT749

12460

Gl

12446

159.2
0.0

159.2

135.2
13.6
6¢2

15240

«334

348

2bt

«320b

316

VLT



Ltzu3die
12037y

bebsiy
12037y

rebdry

120329

1e0374
126379

Leu3d7y
1eGa79

120379
1¢0379

120379
120319

120379
126379

Le03 79
120379

020379

LeGaty

7917
798

(99
500

8yl
802

[RVE)
eU4

805
406

8ov
804

b0y
G610

813
814

Blo
816

817
618

DATA

PT.

PT.

PT.

N =

#

374

376

377

378

379

380

anl

382

(=N

[

[

UiAn

10 -

10

11

12
12

3
E}

FOTALS

3
3

TOTALS

3
3

TOTALS

3
3

TOTALS

3
3

TOTALS

3
3

TOTALS
4
4
TATALS

4
4

TaTALS

4
4

TOTALS
4
4

TATALS

125047
iu8o.4

233641

GeT.3
1434,0

236143

141640
1121.3

253743

1437.6
Sa9.0

268646

202344

97044

2993.8

1951.5
274944

4700.9

974.0
G41.6

Lyly b

1027.9

1186.¢C

221349

L215.9
1577.8

2853.7

1196.8

1782.6

297944

21248
CETB A

2461.2

4128

2368640
2998.3

42244
237440

Y90 .

41248
2640.0

256804

43240
277840

221049

460.0
266840

316840

46008

2682.0

3142.8

L .2506.7

10844
Z33u4d

JeTed
L434.0

2361.3

141640
1121.3

e53743

143746
iS5a4v.u

€986.6

202344
970.4

29% 3.8

1951.5
2749.4

4700:9

974.0
941,.6

1915.6

1027.9
1186.6

2213.9

1275.9
157748

2853.7

119648

17¢2.¢

2979 .4

Leb070
1.66540

2433610

«92730
L.43400

2.30130

Le41600
1412130

2423730

1.437L0
1454500

2.98660.

2402340
297040

2.99380

1,95150
2.74940

4070090

297400
°«94160

" 1.91560

1.C2790

- 1.18600
2421390

Le27590.

L.D7780
2485370

1.£9660
1:76260

2497940

463645
7r7.0

553345

1086.0
56G.7

T64C.7

T186.0
T74.5

7962.5

10117.0
485.2

10602.2

975745
1374.7

11l3z.2

487C.0
47048

5340.8

51395
5930

8732.5

6379.5
788.9

71668.4

5984.0
891.3

687543

b4l
Ul 0

2670

3li.5
(SRR

31k

3%6.0

Vel
25040

40049
0

40045

489.5
Vel

49%.5

277.9

317.6
0.0

317.0

o4l

8546
6ot

9cah

464
9.4

9643

6b. 8

72.4
1046

8362

30t

PN

e 7

271

320

$291

Y1

o be

SLI



120379

120329
120379

LeU3sty

tzv37y
12037y

120379
1206379

1z0479
Leus79

12047y
120479

LeU4 9

rz 0479

L0579
120573

LEG5TY
1265179

519

v2e
523

624

825
b2t

uer
628

830

" 831

633
634

835
836

g4l
qu

645
846

847

48

™=

N

N

LV g

It

PTe &

N

334

385

386

387

389

390

391

392

[SORs

]

13

™~

NN NN -

-~

N

LA o8]

w ot

4
YataLs

2
2

TuTALS

2

- TuTaLsS

4

2
TUTALS

4

4
TOTALS

3
3

TOTALS

3
3

TOTALS

3
3

. TOTALS

3
3

TGTALS

3
3

TOTALS

3
3

1635,.3
Le3o.3

155602
LLad.4

20046
L477.4
i47741

2340.9
1279.5

359044

86z .6
700.8

156304

126647

57104

1840.1

1987.5

661.3
2648.8

693.6
542.7

1230.3

2639,3
715.2

1405, 3
7224

D1beh
2lte4

47004
220342

267346
TN
49942

oU4.8
25320

3136.8

50840
2424.0

295248

4608

1219.2

lob0,0

2044.3
1540.8

3565.6°

445,2

166844

2133.6

1915.2

¥612.8

163543
163z,

15%6.2
10455

260546
1477.1
1477.1

231049
127945

359044

8e2.0
7006

1563.4

1268.7
57L.4

1640.1

1987.5
66103

2648.8

©693.06
54207

" 1236.3

2839.3
L T15.2

35545

982.2
83042

1412.4

1405.3
722.4

L.03530
1463539

1.,55620
La0a943

2460560

1.47710

Le47710

2431090
1.27950

3459040

86260
« 70080

l.50340

1.26870
57140

1.84010

1.9875C

66130

2.64880

69360

54270
1423630

2.83930

271520

3.52450

568220
83020

1441240

1440530
« 72240

£170.5

817605

PTel.0
52447

8305.7
7385.5
7385.5

11554.5
63G.8

1219442

4313.0
33044

466344

0343.9 -

285.7
6629.2

198745
330.7

319649

2911.0
41541

33z6.1

1405.3
361a2

271.9

31145
Cob

311.5

3846
8.9

34 eid
0e3

10045
8%.3
3943

139.7
Kx:

147.5

52.2
4.l

5644

419

543

402

1740
4.4

277

«3ia

372

2366

$C03

257

V263

WA

9.1



LeUOSTS
1et379

L0579

- devdid

lzubiy
LeG519

126579
Lel579

LE057y
L2ub79

Le U779
CLe0T73

Le0779
Leoiry

10179

Lew?79

leu?79
Lé0779

120779
LeUT79

€49
80

B2l
boZ

853
654

B0
37

858 -

€59

do1
8e2

663
Bo4

Bl
86b

Ba7
864

862
810

[N

TN e

N

333

394

3935

397

399

400

401

402

o

oo

-+

oCc

o @

11
i1

12
le

13

13

14
L4

15

15

TITALS

AN

TOTALS

2 .
2

Tutals
2
2
TATALS
2
2
TOTALS
2
2
TOTALS

2
2

TOTALS

2 .
2 .

TOTALS

NN

TATALS

2
2

TaTaLs :

2

P

2127.7.

2382.%
L85.6

2903.4

2113.3
478.0

2591.3

2012.¢
40644

2416.7

129340
341.4

1635.¢

2505.0

44201

2947.1

i8a5.3

54003

24116

3428.7
1024.3

445340

1042.3

1053.0

269543

70444

iell.2
191546

36835
1196 .8

351940

1974.9
1070.4

364444

215044
1605.06

375640

138l.0
197746

335942

1772.4
1537.2

2102.4
1519.2

362146

23bb.8
20€4.0

4450.8

3744
2174.4

2211.8

331.2

177640 -

2167.2

2138.4
1795.2

2127.7

236248
58546

‘29¢o.t

2113.3
47840

259143

20i2.¢6
40641

2418.7

1293.6
34l.4

1635.2

2505.0
44251

2947.1

186543
546+3

241) .0

342847
1024.3

4453.0

104243
1053.0

2095.3

V4.4
1211.2

19156

3663.6
11660

2.1277¢

2.36280
+ 203580

2+%0b60

2011330
41800

2459130

201260
- «40610

241870

1.29360
234140

1+63520

2050500
«44210

2094710

1.86530°

0540630

_2-41160

3442870
1.02430

4442300

£e04230
1.05300

2.09530

« 70440
lecx120

1.915060

d. 08360
1.196860

176645

2368
292.9

267547

2113.3
239.0

2352.3

20126
203.0

221546

1293.8
170.7

1464.5

1252540
22140

12746.1

1865.3
273.2

2138.4

3428.7
51z2.2

3940.9

521145
52645

5736.0

3522.0
005.6

412746

368348
59844

8l l

900
G.0

FuLU

80.0
0.0

160.0

140.u
0.0

140.0

120.0
0.0

21.4

Zbab

32.4

25.0
2.9

2B.5

26.8

15.0
21

I54.2

2246

3.3

4143
bet

47.7°

63,0

o
-
K

"69.4

42.0
743

4949

44,6
7.2

207

000

397

2434

LLY



120779
1eo719

1213749
121379

11379
1¢1379

121379
121374

12137y

121379
121379

Le1aty
L2137y
121379
Le1379

121379
121379

iclo?y
121679

lelvty

663
844

690
B9l

89¢
693

896

697

&9y

899

900

U6
907
908
GUY

919

gil

9i4
615

9io

DATA

NN

DATA

DAaTA

[AVN o8

DATA

R

DATA

DATA

N

DATA

S

DATA

[ASI N

DATA

N

DATA

PT.

PTe

PT.

N - SN

-

403

419

443

413

oo

-

co . cooo oo

oG

-

[ASELN]

[ASI AN A S a8

TUTALY

i
4

TATALS
[
z
TATALS
2
2

TOTALS

TUTALS
2
TOTALS

4
4

TOTALS

S

TATALS

<

2
TOTALS

<

2
TOTALS

2

4751.3

1550.0
4270.0

5620.0

1732.C
26060.0

4395.0

1520.0
4430.0

2650.0
187540
1875.0

985.0
2660.0

3665.0
1965.0
4440,0
3330.0
27550
12490.0

174540

4135.0

5880.0

504.0

504.0

403,2

1875.6
227848

451.2
2356.8
179644
1713.6
€318.0

44146
23bb.8

279844

1o80.0
1418.4

3068.4

2224.8

4Eul.b

377743
974.0

113244
17164

284346

1247,.4
1¢3.c

1971.0

110204
16G0.4

2702.8
1371.0
1371.0

.581.8
804.4

138642
1513.8
2083.2
153340
1041.4
6172.0

130344
1776:2

3081.¢

2525.0
8lo.0

3341.0

4400080

3.77730
« 97400

4.75130

1443240
171640

2.84850

l.24760
« 72320

1.97100

1.10240
1.60040

2.70280
1.37100
1.37100

258180
50440

1.36620
1.51380
Z.08320
1433360
1.04140
5417200

1.30340
1.77820

3.06160

2.52500
81660

3.34160

3.29520

428262

377743
487.0

5512.0

80U.2
631?-2
6855.0
6855.0

2909.0
402.2
3311.2

756940
1041.6
166.8
526.7

3898.1

" 6517.0

88%.1
7406.1

252540
406.3

1 2933.3

329%5.2

126.0

139.3

U0

139.3

20040
c‘o

20040 -

25G.0

24040
G0

24U.0

32040

32040

23b.2
Gl

23B.2

357.3

ua0 !

Ge0
u.0

357.3

320.0

Ge0
320.6

80.0
G.0

8U.0

jRVIV RN

51.4

516

68
10.4

7649

71542
4.4

79.8

43c

370 ¢

394

e3.9

239

slot

o280

443

8LT -



Leld?d

12Llu?9
121019

121le79
161679

121679

121079

leie?9
1elo?

le1e79

122779
121779

Lea 9
Lel779

Lz3179
Lex179

121779
121779

11Tt
-1e1779

917

E2%:]
919

G20
Gzl

923

924

92%
924

928
9z9

930
931

93¢
933

Y30

437

DATA

[AVIE 5

DATA

DATA

ne

DATA

[AS 2N

DATA

[h]

T~

N

N

fa

N

42¢

423

424

427

428

430

o

Toc

Q- oS

o<

-

-+

%

TavaLs

¢
2

TUTALS

4
4

TOTALS

s
2
TOTALS

3
3

TOTALS

2

TGTALS

4
4

TaTALS

4
4

TOTALS

4
4

TUTALS

4
4

TOTALS

N

2Cel. b
7€00.0

“40,0
203044

297540

126540
2650, U

3915.0

Iy65.0
2180.0

374v.u

2710.G
3150.0

586040

56476.0

5470.0 |

1695.0
3890.0

55890

2910.0
347040

6380.0

17150
303040

474540

1265.0
2685.0

4150.0

3195.0
344549

3675.06

324.0
142044

L7604

wedeh
1dzheu

1963.2

46040
2511.2

24%1.2

16546

7€5.6

2668.8

3235.2

576040

222648

2802.8

445.2
20620

2537.2

45249
202440

2476.9

5b%ve8
214G.8

bZY.c
3924.4

alo.l
59t.0

121%4.6

842406
82640

166646

1it3.8
666.0

L761.8

223u.0
1138.86

3366.b
4?06.4
47044

lleb.0
1221.2

2349.8

2334.0
124342

3577.2-

12¢9.0

930

2207 .

812.1
8b1.0

1673.1.

263842
13C4.¢

$02920
3.%¢440

«016G0
+39860

1.21460

34260
«62600

lL.000860

1.11380

.60600‘

1.78180

223000
1.13880

3.36860
4.70440
4.70440

La12860

1.22120
2.34980 .

2433400

1.24320

3.27720

1,26980
1493860

2420780

81212
«86100

1.67312

2.63820

1.30420

31446

36U9.b

30uGe0
29G.3

337%.3

521340
413.0

402640

£569.0
334.0

5903.0

1115G.0
56G5.4

11719.4

23522.0

23522.0

5643.0
510.6

6253.6

1167C.0
621.6

12291.6

6349.0
469.0

6818.0

4060.6
43Ge5

4491.k

13191.0
65261

120¢.u

236.2
U.0

236.2

186G.0
0.0

180.0

35640
- 0.0

359640

800.0

43.7

37.3
3.0

284.5

0be3d
7‘4

7540

5443

159.5
7.9

437

(34l

«3%8

«300

e 40E

450

+ 390

6L1



121879
121879

14879
Lé167

Lélo?y
121879

121979
Lal979
1e1979

121979
11976

121979

“1el979

L1199
Lei97y

12euty
122079
122079

122079
122079

94y
G4

942
G43

y44
94y

G40
947
9449

949
950

955
950

957

958
959

DATA

DaTa

~NN

DATA

AV a9

bATA

[P Uy P8}

DATA

PT.

N -

o=

LS ol

o=

#

433

c o

<

436

o

437

OO

433

c o

oo

449

441

442

443

P o

[ECR e

S

ERGRCRT

FJfaLs

by
4

TOTALS

4
4

TuTaLs

2
2

TuTALS

ro NN

TOTALS

2
2

. TOTALS

3
3

TOTALS

2
2

TOTALS
4
4
4
TOTALS

4
4

TAOTALS

064G .0

129UV
2360.0

3650,0

104560
2110.0

3192.0

3195.0
1745.0

494040
432040
199G.0
1785.0
8045.0

1195.0
2325.0

352040

1265,0
3950,0

5215.0

1840.0
4945 ,0

662540
1130.0
3420,0
2605,0
715540

5365.9
2ET00

20Y 7.0

3¢7.0
12¢043

1847.5

. 295.2
145640

1761.2

1537.2
132k.2

z2858.09
13C4.6
146d.0
1314.0
435608

3iv.8
16€3.0

1976.4.

310.8

2073.0
2360.8

384.0

2455.4

2862.4

4C3,2
2400640

1976.0

477942

2400.0
19b4.0

4364.0 -

394244

Q624
840y

L8024

749.4
0l4a0

1363.8

20b1l.6
251502
52240
47140
350b.2

Bu4.2
659.4

1543.6

9442
1880.0

c834.2

1456.0

24b6.€ .

394246

72648

1026.0°
62940

237%.8

2965.0

080.0 

385140

3.94240

90240
« 04000

Lebu249

74980

«61400

1.30389

1465780

42380 .

2.08160
2.51520
52200
047100
3.50820

«88420
«65940

1.54360

095420
1.868000

2.65420

1.45600
2048660

3494260

7680

1.02060
62900

2437580

2496500
658600

3.85100

1304341

4812.0

420.0°

5232.,0

3749.0
307.0

405040

1657.8
211.9

1869.7
2515.2
261.0
235.5
3011.7

442140
329.7

475047

47710
940.¢C

5711.0

72806
1243.3
85343

3634.0
510.0
31445

. 443845

2965.0
443.0

340640

360.0

159.2
Geu

159.¢

I24.06

13000

040
30040

119.4
0.0

00 -

119.4

99.0
Ve 0

9940

3644

53.%
".o

57.5

37,7

1le4

69.1

397

[ PN

520

o344

b3

sdlc

081



L1eel iy
leck®y
1ee¢179

ieei?s
122179

tezoty
Leee?9

IR A
le2i?y
122719

LE2779
122779

12eb19
122679
1226719

L2ze?v

122479

Leew?9
122819

1226179
Lc2e79

Lee8?9
Lee8 (9

Quu
Yol
L7734

Y03
Yoa

You
Yoo

589
941

982

997
994

1009
1610
101l

1601
1013

lu2l
ze

1029
1u3y

103}
1032

oo

u

DATA

Ny

DATA

(a8

VATA

[CURICH i%)

DATA

DATA

PT.

PT.

PT,

PT,

[EC

N o

[avl ool WP =

w P

AV o

[

- O -

* 442

 # 44b

(=gt

# 492

116
4]

# 464

k409

# 473

o

N~

4
4
4
TatTals

4
4

TITALS

4
4

TATALS
4
4
4
TOTALS

4
4

TaTaLs

4
4
4
TUTALS
3
3
TOTALS
2
2
TOTALS
4
4
TUTALS

4
3

412040
473040
3015.0
1is6v.0

3365.0
369U.C

7055.,0

233540

21U
2356.0
2360.0
378040
3560.0
9720.0
262040
462040
764040

2090.¢
6230,0
5235.0

13555.0

(%Y

180040
260040

7600.0

172040
293040

4650.0

244G.0
3050.C

0090.0

3030.0
L675.0

So3ed
343
18old2

49¢9.2

5077.4

499,2

264640

3145.2

528,90
I75b.4

336546

767240

55444
333240

338644

520.8

2147.0

26t7.8

5G8,8
2203.2

2772.0

55746
536,8

" 35364t

¢etoel
k1lb3.8

6895,08

202Te4
1450.4

427744

1776.2
0.0

1778.2
1813.6
1449.0
1380.0
4642.06

2320.8
217406

4494.5 .

156240
2471.6
1649.4

568340

124%5.6

c468.40
371306

1199.2

© 76360

:1962.2

1i931i.2
1386.8

3316.v

249244
1236.2

3.53680
2426520
l.15388
6.59580

2.62740
1445040

4.2 77E0

1.77620
+G000CO

1.77820
L.81360
L+44900
1.38000
4.64260

2.32080
2417400

4.49460
1.56200
2447160
1.84940
5.868300

1.24560
2,46800

" 3.713¢60

119920
« 78300

1.98220

1.93420
1.30680

3.31800

2449240
1423820

1768440
1102.6

57645

1936345

14137.0

725.2°

1486242 -

8891.0
G0

8891.0
900t.0
72445
690.0
10482.5

11604.0
1087.0

12691.0
7810,0
1235.8

924,7
9970.5

' 6228.0
1234.0

7462.0

599640
39145

635745

965640
693.4

10349.4

12462.0

6141.0

277.9

277.9

17840

£i34Y
133
7.0

234.¢

7743

1loa.b
Bs4

12%.2

10047
74.9

130.8

4ol

EXs

-3

434

0429

450

18T



12:879

122919
122979

Ltzobi19
13073

123079
123679

123079
123076

L2307
Le 3079

Le3ui?y
123079

123079
Le307y

luzBu
10280
1u2s0

1035

1u3d

FRTEYE

1C5»8
1b3s

1040
iL4o

1047
1048

1051

1usz

1053

1054

1695
1050

1057

1658

1059

+0oU

1061

DATA

w o W

DATA

Pr. # 474

ns
<

PT. # 475

PT. # 476

PT. # 479

N

PT. # 482

[AS =g
o

AV
<

PTo # 484

N =
(< -]

PT« # 485

[FS RN
(=]

PT. # 486

11

11
1l

it
11

11
11

11
11

11

11
L1

11
1l

3
FOTALS

2

&
TaTALS

4
4

TOTALS

3
3

TUTALS

3
3

ToTaAL>

2
2

TOTALS

2

2
FOTALS

3

3
TOTAL§

3
3

ToTaALS

[ASE AN

TDTALS

282040

158240

18400
440060

o30u.u

249500
3315.0

bt10.0

1792.0
241540

1710.C

1345,.0
2645.0

4190.0

155540
247040

. 402540

1745.0
3040,0

476540

£545.0
2140.0

3685.0

3560.0

283040

639040

152040
2810.0
25800

6910.0

cleded
29%5.8

46902
1944.0

120.0
1927.2

2347.2

420.0

183544
225304

420.0

lobae4
208444

451.2
200540

2456.8

403.2
150946

1972.09

SUd.8
1346840

235648 -

512.4
2024.,u

1920.0

445be¢4

79946
452642

13408
2516.0

3u56.5

32870
1030.¢

4317.0

1375.0
9676

236248

925.0
1009.06

1934.6

1135.0
8U2.6

1940.¢6

1293.8

1034.4
232842

1141.8
57044

1712.2

3051.2
96240

4033.2

1007.6
7860
600,V

245346

19500
4.52620

1. 3440490
2+41000

3.85680

3428700
1.03000

4+31700

1.37500
«98780

2,36280

252500

© k00960

1.93460

1.13500
80560

1.94060

1.29380
1.63440

2432820

1.14180
057040

'1.71220

3.05120
«38200

4,03320
1.00760
« 78600
«b0000

2445360

397.5
1905048

6704.0
125540

7962.0

3287.0
515.0

38G2.0

£875.0
493.9

7368.9

462%.0
5U4.8

5129.8

567540
402.8

6077.8

6469.0
21742

698042

5709.0
26%.2

5994,2

15256.0
491.0

15747.0
503840
393.0
33040

5761.0

106.8

120.0

G0

120.,0

21G.YH

Bled
ive2

7644

35.v
6"1

7842
[ %)

bh.0

59,0
344

52.06

6lac

3.3

360

48.7

5003

4942

Lb4 .6

XY-Y3

4zh

43¢

335

LX)

49z

o419

b3l

z81



iuysu
16989

LU980
iL9bu

16980

U969
L9890

1098V
10980

10530
10980

L0980
£0989

109869
+UQB0

11360
11280

11300
Li38u
11300

1004
1060

1U66
16o?

luol

1069
1670

Iu7l

167¢

"1073

1074

/s,

1076

1077
lu7s

i079
1060

U8B

+082
1ob3

DATA

DATA

™~

DATA
UATA

BATA

DATA

S

™

N -

PT.

(S S

4bY

17

489

17
17

490

17

491

17

472

17
17

493

L7
L7

<o

496

C O

Jah )

-

1)

-

o

-

o

e

4
TaTALS

4
4

TATALS
4
TOTALS

4
4

TOTALS
4
TOTALS

4

TAOTALS .

4
4
TOTALS

4
4

TOTALS
4
4
TOTALS

4
4

TOTALS

4
4
4

G445, 0

cboU. 0
10920

%1150
ev1G.0

66£5.0
593340
5435.0

398040
2640,0

6620.0
186G.0
189040
1445,0
1445.0

3785.0
3900.0

968540

2400.,0
2310.0

4710.0

3095.0
1805.0

4960.0

221040
1530.0

37460

118040
1330.0
130040

£332.0
186e4.0

aif&.8

cU9l.0
168c4e0

395546

246244

24€244

18tl.06
1659.0

25570

3zbi4

170440

20%0 .4

117640
1116.0

2292.6

94640
1252.8
220048

403.2
1269.6
L183.6

2112.2
BZ26.0G

293b0.2

202344
646, 0

2669 .4

347206

347246

209644
981.0

3079.4
145840
145840
1080.2
1080.2

3305.0
382340

7128.0

20713,6
546.0

2619.6

1919.0

74540

266640
126240

277.2
1539,2

T7beb
6044
11644

2404220
« 52600

2453820

2402340
64600

2+66340
304 {cbl
3.47260

2,09840
«98100

307940
Le42800
1.45300
1.08020
l.06020

3.30500
3.82300

7.12800

2.07360
54600

2.61960

1.91900

« 74900

2466800

led6200
227720

1453920
77680

«006040
11640

2346 .4
3472.06
347240

209844
49C.5

2588.9
729040
7260.0
5401.0
5401.0

16525.0
1911.5

1843¢.5

10368.0
27340

10641.0

1919.0
374.5

229345

126240
13646

140046
3884.0

30.2
58.2

99.0.

0.0

T 9640

99.0

G%eU

49.5

-199.0

139.0

- 139.3

139.3

397.0
0.0

397.0

277.5

255

Y507

30.5

244D
3%

24k

42,0

4240

2544
5.9

31.3

4842

$309

cheh

632

443

$466G

ébo¢

0403

240

€81



[N EYRV

11340
11l3uvv

Ti3uv

11380
11340

14380
i139¢

11380

11380
11380

11380
11360

11380

11380

11380

11480

11380

1084

1083
10d8¢
lubi

T 10689
1089

1091
1092

1093

1094
1092

1096
19y

10698
1699

1100
1104

1102

DATA

DATA

£y

At

204

0

496

499

S

b 503

<

506

-

-

P

-

4

TOTALS

TOTALS
:
4
TOTALS
4
TUTALS

&
4

TOTALS

4
4

TOTALS
4
TUTALS

4

TOTALS

TOTALS

1380+G

5150.0
2010
4645,0
31000
9G6U. 0

B895.0
255040

3445.0

3600.0
1o¢060

5160.0
514540
574%.0

5055.0
1460.0

6515.0

5795.0
145040

724540
1€50.0
1655.G

20100

208500

15040
41764

49566
430549
29520

775342

390.0
¢304.0

269440

25704
1262.0

38t
2937.6
£937.6

251542

123844

420.0
39%.8
394.8

bbbl
14400

2U0zb.e4

21504

215044

o0.u

101s.40

1519.4
L3%e4

146.0°

22064k

505.0
246 o4

514G

10290
27840

1307.0
28GT o4
2B07 44

2539.8
221.6

2761.4

. 3068.0

33640
3404.6
123560
123%2.0

1éli.2

16i5.¢.

19830
5eYeC

250066

2934.6

2934.6

<0009

1.01300

1.51940

«553940
«14800

2e2v0ED

+50500

« 24600
«72100

Leuz960
«2 1800

1.30760
2480740
2480740

2.53980
«22160

276140

3.06860
33600

3.40460
1.23500
1.23560
1:61520
1.61520

1.98360
52500

"2450860

2+93460

2493460

7597.0
2697
7440

7940.7

2525.0

1z32.0
Z64E.0

10290
139.0

116646
280744
260744

253G.38
11048

265646

2008.06
10800

3236.6
6175.0
6175.0
607640

8076.0

9918.0

. 26245

1018C.5

2934.6

2934.6

1G9.0

199.0

9%.0

4b o4
Gi.9
33

0.9

36.0

32.1

3741
2.0

39,1
7447
74,7

97.7

97.7

o145

403

291

39y

269

¥8T



1,380
11380

11300
11380

1435809
1136y
11340

1130v
113460

1138y
Lidgy

11680
Li680

11e8v
11u80

+158v
11649

11680
11680

11680

ltbﬁq

1103
FRRVL

1103
11060

1107
1108
ituy

1140
111l

iliz
11Li3

1114
1115

lirso
1117

1118
1119

11c¢v
1121

122
1123

~n

DATA

DATA

ar LY Ly

DATA

fa

DATA

DATA

AN AN

DATA

DATA

LAV

DATA

rN

DATA .

o

N

NS

o o

512

5o

-

-

-

-

-

= -

-

SR

4
TOTALS

4
4

TUTALS
.
4
4
FOTALS

4
4

TUTALS

4
4

TGTALS

4
4

TUTALS
4 -
4

TOTALS

TUTALS

L7¢23.0

5555.0

1300.0
226040

3580.0

3760.0
272040

6480.0

L&50.,0
1606.0

3750.0

2125.0
2400.0

452%.0

300040

1640,0

4840.0

1850.0
220040

31240
LztUav

151240

47044
234244

duic.d
9164

1778.4
loede2

412240

47044
177844
2248.8

648.0
213444

276244

460.8°
125404

1715.2

48U.0
134b6.0

2326.0

4¢€0.8
1285.2

174040

369.6
lozv.9

1969.0

1d48.0
kiso.v

6l3av
180,

79340

1254.0
0.0

L2046
1346.¢
2116
0.0
16lb.2

829.6
SUi06

1331.2

3112.0
585.¢

3691740

i3b89.2
645.¢

2034.6

L645.C
55240

2197.0

2539%.¢
23448

3094.0

1460.4
38uU.0

20604

260240
422.0

+ 61300
» 18000

79300

L.25460
«0LG000

kez2460
L+34660
27160
200300
L.61820

«82960
I Y

1.33120

3.11200
«58560

3.,697¢0

1.38920
264560

2403480

1.64500
<552C0

219760

2.53920
95480

3409400

1040040
38000

206040

2.60200
c42200

3065.0
G0.0

- 3155.0

£273.0
0.0

LzT3eu
6733.0
135.8
Gel
6B8obe.8

414840
25C.8

435€.8

1556C .0
29246

1585248

694¢t.0
322.8

7268.8

850140

12696.0
277 .4

1297344

740240

290.0

769240

2602.0

211.0

9G.0
GeU

950

Zibe3
U0

21b.3

17948

0.0
GeU

119.4

397.0
0W G

397.0

23842
G0

23642

69.3

37.1
lal

A91.7

B4e0
3.9

87.9

99.3
3.3

153.¢
EXE)

136.9

89.5
343

93.0

dab

347

cho4

S a4t

483

$436

391

981



Li/¢ou
11780

1178y
11780

117860
11780
11730

Li7B0

1i760
14780

11¥us0
11780

11700
11760
LiT760

11720
IR R

Ly 7By
FRVE:1Y
11780

117du
11749

1124
125

Tizo
1127

1128
1129
1130

E13k

1132
1133

1144
1135

113

k137
1138

1139

140

ligl
Jir4z
1143

FREL]

“1ia)b

DATA

B o

DATA -

o LW

DATA

vati

SN

PT. &

E U N

N

PT. #

w0 e~

Ple #

PTe 0

+ O

519

520

v
LS
s

[k =4

523

3Zu

oo

b

-

b

P

TuTats

4
4

TaraLs

4
4

T4TaLsS

S

TOTALS
4
4
TOTALS

4
4

TuTaLs

S

.

TuTals

4
4

TITALS
4
4
4
TuTALD

4
4

TATALS

PSRNy

34340
3570.0

29150

18420
314540
4990.0
Lo4de0
224540
b75 40U
141040
617240

330v.u
157340

4880.0

825.0
1135.0

1960406
183240

27700
TT0.0G

5375.0‘

94040
YBC. Y

L92uet
209044
YouU. 0
285040
d9ub et

G20ev
2LuG 0

30200

12612

24040
1271.2
121l.2

10840

FEYEYY

273.6

49340
laco.o

3i6.8

10%4.4

T1411.2

1ebe 0
0704

9184

T %444

1486.90
09366

237040

liv.2
T4440

YA

[ L]

31340
156840

Vel

342400
3lc

'Sﬁbc~0

435348

108340
1373.b

347840
15270
lo93.0
6014
917.¢
474844

29882
4v0.0

340b.b

1440
20440

90i.0

1640.¢

12beas0

Toe4

294940

8244
2364y

S luedatb

28tCat
I47.¢
UG

L 300746

586
Vel

YTbeu

3402400

4.35380

150500
Leu73680

3.47880
1.53700
1.69300

60140
T e91700
4.74840

2493820
«48060

3.46380

71700
226460

«Gb 160
1:640c0
1428200

01040
2.99900

82480
« 23660

LeObUbRG

2486060
147060

L0000 -

deul760

«2 7100
WUUUIG

57800

2813,0

10255.u
1151.4

1140¢c.4

£025.90
33649

8901.9
1537¢.0
1693.0
601.4
45645
18122.9

1494140
24C43

1640e,0
64140

38.¢
17005.2

6246.0
116.0

T B306.0

2buleb
147.0

Q.0
S0UTe 6

etYC. 0
V.0

z890.,0

397.0
0.0

539740

597.0
Gat

397.0

3440

12440
13.9

13840

PTal
1ies

108.4

20640

9948
loa

L0iee
2% e D
Ieo
0.0
d04h

3040
[VIPRY]

34,0

49k

673

WG

55¢

463

o
I~
—

weob

a4

981



11 7oy
Ja/80
L1700

11760
11760

Li7a0
1i73u

117480

11749

11730

11980
11980
11989

11980
11560

11890
11960
11980

11%460
14980

11980
11980

Li4o
la4”
1l4o

1149
1150

ilsl
1ibe

1154

1155

1155
1156

1157

1158
1159

11¢0
161
lise

1163
llo4

1iod
1lvo

DATA

oot

DATA

NN

" DATA

w W W

DATA

DATA

[V

N

[V U

(R e

o

o C

530

c o

oo

—

[y

o

o

ww

—

I~

TutraLS

TOTALS

4
TOTALS

4
4

TOTALS
4
4
4
TOTALS

4
4

TOTALS

Uoor

TOTALS
4
4
TOTALS

4
[A

Tewer
26 Tie
LSouais
Sodii.l
1G4C.0
272000

T 376Ul

vy« 0
2010.0

2905.0
1425.0
14¢5.0

2160.0
234040

4500.,0
74040

2250.0
2110.0

© 5100.0

48300
2100.0

6930.0

30700

1960.0
248540

7535.0

177040
680U 0

8570.0

165540
2160,0

w3

Boraid

catled

Soried,

3ty
29cbe0

5316.8

410.4
17v4.0

2it5.2
3Ei.b
3bleb

3bTe2
1753.2

2129.4

3i2.0
1Bl4+4

1769.2 -

3915.6

10416

L765.6 °

262742
2362546
176240
2204404
€372.0

4ll.6

232800

3339.6

420.0
174940

Goo et
et
Uy

'

4f{uec

thlece

Veu
651.2

qv4.¢€

23%e¢
719.8
1043.4
iU43.4

1792.%

S8b.b "

237946
42840
43546
32045

1184.4

37684
3l4.4

4102.8

668444
198.0
280.6
1163,0

1358.4

387240

523004 .

1235.0
410.4

et 17:)(:';
ool
L0600

24720

L0120
«ULUGY

62120

«4B460
23320

Y ETEIV

1.04340

. 1.04340

1479280
«580860

2.37960
«42800

43560
32080

L.18440 -

3.,78840
131440

4.10280

63440
219800

28060

" 1.16300

1.35840
3.61¢00

5.23040

1423500
+ 41040

2423.0

11746
2540.6

5217.0

521740

£964.0

29344

9257.4

.2140.0

21748
16C.4

2518.2

62342
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