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ABSTRACT

a new technigue for agueous determination of
aldehydes and ketones was field tested along with a new
technique for ambient air analysis. The work was done
during the summer of 1984 on Whiteface Mountain in
Wilmington, NY. Both technigues wutilized carbonyl
derivitization ac their 2,4-dinitrophenyl hvdrazones and
subsequent analysis by reversed phase HPLC. Anzlysis of
the blank levels for the ambient air method shows the
levels found to be non-detectable. The agueous method
worked well. Formaldehyde, acetaldehvde, and acetone
were the only species found in cloud water. They were
generally present in concentrations between 0.5 uM and 4
uM. Little fluctuation was observgd throughcut the
sampling period. These data were then incorvorated with
routine data ccllected on cloud water and a kinetic

analysis was performed.
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INTRODUCTION

Aldehydes are known to be ubiquitous in our
atmosphere. They exist primarily in urban areas. The
primary source is . the incomplete combustion of organic
compounds mainly in automobiles, factories, and power
plants. They can be produced by photochemicallreaction
of hydrocarbons with ambient molecules and/or radicals.
They are reactants in many oxidation reactions involving
ozone and radicals and can also be photochemically
dissociated to form other radicals and products. This is
an important occurrence for the formation of
photochemical smog. (1) Aldehydes are thought to be
health hazards as well as precursors and products in

atmospheric reactions.

In order to set standards, to identify what levels of
these compounds are significant, it is necessary to
determine concentrations. Many techniques have been
tried and tested. Most of these methods, though, only
test for formaldehyde or perhaps for total aldehydes.
The most useful and widely used technique for selective
and quantitative analysis of aldehydes in ambient air is
the derivitization reaction with 2,4-dinitrophenyl

hydrazine (DNPH) followed by analysis of the resultant




hydrazones by high performance ligquid chromatography

(HPLC) . This is routinely used for ambient air

analysis.(2-9)

DNP-NHNH2 + RCH=0 ----- > H20 + RCH=NNH-DNP

Originally, +this reaction was carried out in a
two-phase reaction mixture consisting of an agueous phase
and some organic phase. Kuwata, et al used an agueous
reaction. mixture and extraction with chloroform. (3)
This extraction was necessary because of the equilibrium
nature of the reaction, das is shown above. Since water
is also a product of the reaction, a high concentration
of water gives incomplete conversion tco the hydrazone
product, as predicted by LeChatlier’s principle. By
extraction, the product is eliminated from the reaction
solution. Hydrazones are more soluble in organic
solvents than in water thus they move from the water
solution to the chloroform. 1In this way, the reaction

can be driven essentially to completion. (2)

Runtz, et al developed a method whereby the DNPH is
dissolved in acetonitrile and air is drawn through the
solution. (4) The hydrazones form in this solution and

since there is little water present the reaction proceeds

to completion without the need for extraction. An




aliquot of this solution can then be directly injected
into the HPLC. When extraction with chloroform is used,
not only is separation of the two phases needed but the
chloroform has to be evaporated and the resulting
crystals dissolved in acetonitrile before injection into
the HPLC. Obviously, this new method is much more
efficient for air analysis because of the elimination of
several steps and elimination of extraneous handling of

the derivatives.

Recently, work has begun on a new method for trapping
the hydrazones. This entails the coating of a solid
phase with the acidified acetonitrile solution of DNPH
and then sampling the air by drawing through the solid
sorbent. Presumably, the organic carbonyls will
selectively adhere to the DNPH impregnated on the solid
surface. One method developed was the coating of silica
gel with the solution. (10) There seems to be some
problems with this in terms of loss of sample, and the
collection efficiencies tend to be a bit lower than those
for the impinger method such as that used by Kuntz, et
al. (4) Kuwata and coworkers used cartridges with
nonpolar C18 packing instead of the polar silica gel. (8)
Percent recovery is much better than that for the silica
gel and chromatograms obtained from the C18 cartridges
are cleaner with less interference than the chromatograms

obtained from the impinger method. (11,22) These




cartridges are already used for concentrating components

from solutions, usually'from biological systems. (8,12)
These cartridges were field tested during the summer of
1984 on Whiteface Mountain and the results are reported

here.

With all the work being done to develop and compare
methods for gaseous determination of aldehydes, it is
unusual that much less work is directed toward the
determination of these levels in aqueous samples such as
in cloud and rain water. Many of the reactions which
occur in the atmosphere probably occur in the agueous
phase and there is a complex relationship between gaseous
pollutants and aqueous pollutants. For example, Kok has
shown that the levels of aqueous hydrogen peroxide tend
to increase after periods of photochemical smog. (13)
For the carbonyl compounds, current techniques test for

formaldehyde levels only, in cloud and rain water. (33)

In order to measure aldehyde 1levels other than
formaldehyde, several new techniques for determining
agueous concentrations were investigated during
Spring,1984 and they are reported here. One is
essentially a variation on the method for gaseous
determination using the Cl8 cartridges. All take
advantage of the efficiency and selectivity of the DNPH

method.




In order to qevelop models and mechanisms for the
numerous processes thch occur in the atmosphere,
simulateous 'data need to be obtdined for as many
concentrations and conditions as possible. 1In this way
trends can be seen and equ:librium and kinetic models can
be tested. If all the  components of a certain
equilibrium are measured, they can be checked against
what might be predictgd by theory. This information can
then show whether 6r not there 1is some interference
occurring. Data on other conditions may be able to
suggest some reason for this interference. Data were
collected in this manner on Whiteface Mountain during
July-August 1984. SUNYA's Atmospheric Sciences Research
Center Field Station in Wilmington, NY has the facilities
to monitor many conditions. Cloud water concentrations
of S(IV), S02, NOx, H202, pH, inorganic ions, ozone, and
HCHO, are collected along with weather information. The

methods for aqueous analysis were also field tested.

Ultimately, a complete model of atmospheric reactions
is desired. For the aldehyde system, as with other
specific systems, certain reactions are more meaningful
than others. Aldehydes are known to form addition

products with S(IV) in acidic, aqueous solution.

RCHO + HSO3- =----> RCHOHSO3-




There is some speculatien that this phenomenon may
interfere with the oxidation of S(IV) in cloud and rain
droplets, a major source of ac1d1c precipitation. (14-18)
Data from analyses perfp:med for the ASRC were collected
for the purpose of . modeling the cloudwater system.
Simulténeous dataldof fhe folléwing concentrations were
collected: H202, S(IV), pH, -aldehydes. This kinetic
study is an example of ‘one of the ways in which the data

could be analyzed.




EXPERIMENTAL

CHEMICALS

Acetonitrile (ACN): Burdick and Jackson HPLC grade ACN

was used for reagent preparation and as a solvent for
analysis.

2,4~dinitrophenylhydrazine (DNPH) Eastman Organic

Chemicals; recrystalized twice before use.

Sep-Pak C18 cartridges: Waters Associates; Milford, MA

INSTRUMENTATION AND APPARATUS

High Performance Liguid Chromatography:

Analysis was done on a Varian 5000 HPLC equipped with
a 254nm uv detector and connected to a Tracor 370A
variable wavelength detector for monitoring at 360nm.
Samples were run isocratically at 65%/35% ACN/water at a
flow rate of 1.5 ml/min on a 25cm x 4.6cm 10 micron

Alltech C18 column.

Cartridge Preparation:

The air cartridges were prepared using the method
described by Kuwata, et al.(8) A  reagent solution
consisting of 0.2% DNPH and 1% H3PO4 in Acetonitrile was

made. 2.0 ml of this was then injected through the
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cartridges at a flcw rate of 2 ml/min. The cartridges
were dried under vacuum and hooked directly to a stream
of nitrogen. The dried cartridges were capped with glass

rods and refrigerated until they were used.

Pump:
An  SKC model 224-02 universal sampler was used for

air sampling.

SAMPLING PROCEDURES

Gaseous:

We found that only one cartridge needed to be used
for air sampling. The cartridge was hooked up to the
hand held pump and air was sampled at a flow rate of 0.5
liters/min for 1.5 hours. An auxilary line was run out
of a high volume line which the ASRC used for determining
S02 and NOx. The pump automatically corrected the flow
and kept it steady at 0.5 1/min. It was calibrated using
a buoble flow meter at least once before each sampling
period. After sampling, the cartridge was capped off
with glass rods and refrigerated until analysis, within
five days. For analysis, the cartridge was leached out

with 2 ml ACN and this solution was run through the HPLC.

Aqueous (cloud and rain water):

For the first aqueous method a cartridge was used for
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extraction. The reagent solution used by Kuwata et al
was also used at first, 0.5g recrystallized DNPH was
dissolved in 500 ml of 2N HCl. (3) This solution was
then extracted twice with CCl4 (rather than chloroform)
to eliminate any hydrazones formed from impurities in the
water. Two milliliters of the solution to be analyzed
was combined with 1.0 ml of this reagent solution. The
resulting 3 ml was then injected through a C18 cartridge
to extract the water. The cartridge was washed with 2.0
ml  of acetonitrile to leach out the hydrazones. The
hydrazones, then in an acetonitrile solution, could be
directly analyzed by HPLC. The second reagent solution
used H3PO4 in place of HCl. The third and final method
did not used cartridge extraction. The same solution
made for air cartridge preparation was used as a reagent
solution. In this case, 1.5 ml of the solution to be
analyzed was added to 0.5 ml of this reagent solution.

The resultant mixture was then analyzed directly by HPLC.

Field Work:

Samples of cloud water were taken from the cloud
water collectors atop the field station observatory at
the summit of Whiteface Mountain. They were taken every
one to two hours during cloud cover events when
collection was possible. After the samples were

stabilized by derivitization with the DNPH solution, they

were stored and refrigerated. Since there was no HPLC at
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the ASRC field station, the samples had to be stored
until they were able to be transported from Wilmington,
NY to Schenectady, NY. Transportation and analysis was

generally accomplished within five days of sampling.

General Cloud Water Sampling:

Several analyses were performed for the ASRC during
the summer. Determination of S(1V) and HCHO
concentrations for routine cloud water samples were run
regularly. Periodically, H202, pH, and particulate

concentration determinations were also performed.

Cloud water impacted on the cloud water collectors
which were basically a system of thin, teflon strings
stretched between two plates. The droplets, once heavy
enough, would run down the strings into a funnel at the
bottom of the plates. The funnel was connected to a long
tube which ran down into the lab from the roof of the
observatory. The tubes emptied directly into glass pH
electrodes corrected for temperature. Thus the pH of the
cloud water was continﬁally being monitored. The
electrodes had to be calibrated every 6-12 hours. During
the summer of 1984, two types of cloud water collectors
were being used. The passive system was designed by the
ASRC. (19) These collectors could not differentiate
between rain and cloud water when it started to rain.

The other collectors were being tested by the ASRC. They
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used a motorized fan to draw clouds in and past a similar
teflon mesh of strings. This system was supposed to
eliminate rain from the water which is analyzed. Both
collectors were run simultaneously to see if there would
be any difference in the <chemistry of the water

collected.

Other analytical techniques:

Agqueous hydrogen peroxide was determined using a
relatively new technique. (20) Parahydroxyphenyl acetic
acid (POPHA), in the presence of the enzyme peroxidase,
reacts with hydrogen peroxide to form a fluorescent dimer
which can then be monitored. The determination of H202
was done on the summit of the mountain immediately after
the water came into the lab. This is done to minimize
the degree of natural degradation of this reactive

compound.

The other tests waited until the samples were taken
down to the main lab further down the mountain. The
chemiluminescent technique for formaldehyde involves the
reaction with gallic acid. This reaction forms several

products and is not very well characterized. (34)

The technique for S(1Iv) utilized a standard
technique. (21) Sulfur (IV) was stabilized with a

formaldehyde solution as soon as the sample came into the
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lab. The stabilized sample was then transported with the
others down the mountain. buring analysis, the addition
product is cleaved by 2N NaOH into free formaldehyde and
free bisulfite ion. Pararosaniline hydrochloride then
reacts with the bisulfite ion to form a dark violet
product which is monitored. Formaldehyde is needed for
the color development of this product. The problem with
this method is that it does not discriminate between the
5(IV) which comes into the lab free and that which is
already tied up as the addition product. The analysis is
for total S(IV) which includes HSO3-, H2S503, S03(2-), as

well as the aldehyde addition products present.




RESULTS AND DISCUSSION

Aqueous cartridge results:

As was shown, the derivitization of aldehydes by
DNPH is catalyzed by acid. Scoggins tested three acids,
HC1, H2S04, and H3PO4, to determine which acid gives the
best results in water and at what concentration. He
determined that 0.5M to 1.5M HC1 gives the best recovery
of the hydrazones. (24) For the first aqueous method,

the HCl solution used by Kuwata, et al was made up. (13)

When this was wused, though, the HCl was found to
alter the cartridges in such a way as to cause some of
the Cl8 packing to come through when the hydrazones were
dissolved out with ACN. This has severe implications
with regard to the use of the HPLC. When the cartridges
are prepared for air sampling according to Kuwata et al,
phosphoric acid is used in place of HCl. (8) Originally
it was believed that this switch was made because H3P0O4
is a much less volatile acid than HCl. Thus, the acid
will tend to stay on the cartridge better when sampling
is done, facilitating the catalysis. It may also be true
that H3PO4 is not as detrimental to the cartridges as the

HCl was found to be.
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To test this, parallel tests were run by injecting,
in sequence, 2ml ACN, 5ml water, 3ml of acid ‘either HCl
or H3PO4), and then 2ml more ACN. When the HCl was
injected, packing came out. When the H3P04 was injected,
no packing came out. It would seem, then that the H3PO4
should be used. However, there are also problems with
this. First, DNPH is less soluble in H3PO4 than in the
HCL. Second, H3P04 is a weaker acid than HC1 and this

may affect the reaction efficiency.

When the aqueous phosphoric acid solution of DNPH was
used for derivitization, the hydrazones were retained
well on the cartridge and the water was passed through
efficiently. There were no derivatives detectable in the
water which came through. However, the reagent solution
itself was unstable and the DNPH constantly precipitated
from solution making it a cumbersome working solution.
It had to be filtered often. More importantly, the
hydrazones were found to be unstable when formed in an

aqueous reagent solution.

Aqueous reagent solutions were tested for efficiency
and stability. (Table 1) The derivitized solutions
showed considerable decay over a period of only a week.
The solutions obtained after extraction of the

derivatives from the water by cartridge are about 60%
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better (more stable) than the solutions which had no
extraction. This makes sense considering the
interference water plays in the reaction, but even the

extracted solutions showed significant decay.

As a result of these findings, a different approach

was tried. Stability of the hydrazone solutions was

especially important in this work because they had to be

stored and transported. Since Kuntz, et al found that an
ACN solution could be used in an impinger for ambient air
sampling, we thought that the same idea could be used for
the water sampling. Once again, the ACN solution used
for cartridge preparation was used for derivitization.
It was found that when no extraction was used, the
ACN/H20 solutions were efficient at derivative formation
and the derivatives were stable over time. The stability
was also checked using some field samples collected in
July. (Table 2) Therefore, the method used for a majority
of the summer consisted of direct addition of the cloud
water to an aliquot of the ACN solution of DNPH. (see

experimental section)

Air Cartridge Sampling Results:

As was mentioned, the Cl8 cartridge technique for
ambient air analysis was field tested this summer. They
were used not only on Whiteface Mountain but also daily

in Schenectady. Frequent blank cartridges were
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sacrificed and leached for analysis. Standard deviations
for 28 blanks are given in Table 3. According to Long
and Winefordner, a sample is gquantifiable if it is
greater than ten standard deviations from blank levels,
detectable if it is between three and ten standard
deviations, and if it is 1less than three standard
deviations, it 1is wundetectable. (23) Unfortunately,
almost all of the ambient air levels found on Whiteface
this summer were non-guantifiable by this criterion and a
éreat many of them were also undetectable. The data are
listed in Appendix D. These concentrations are for the
ACN solutions from the leaching of the cartridges.
Forty-five liters of air were sampled for each cartridge
and the ACN solution volume totaled 2 ml. The
atmospheric pressure at the summit of Whiteface is around
850 millibarrs. The values are reported in micromolar
and not parts per billion (ppb) because this is the

limiting factor in determining detection limits.

This was enough to render the air data useless for
the purpose of modeling. It did show up a serious flaw
in the technique. At first, it was thought that the
method of preparation was faulty. When these blank
levles were compared to those reported by Kuwata,
however, it turms out that they are very similar. (8)
This indicates that his original method for preparation

is flawed. It  should .be pointed out that there is a
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problem only for the levels found on Whiteface. TFor the
Schenectady work the values were acceptable. This is
probably the case for work in other urban areas. In
order to use the cartridge technique in rural areas (and
it is gquite desirable to do so) the method must be

changed.

Theoretically, the interferences are coming from
impurities in the solvent, drying media, or
recrystallized DNPH. The cartridge will concentrate
these impurities naturally to the point where they are
detectable. It is possible that during preparation a
‘pre”’ cartridge connected to the good one will
selectively extract out the impurities and purify the
reagent for the second cartridge. Another solution might
be to sample for a longer period of time thus a larger
volume of air. The blank levels Kuwata reported are for
100 L volumes of air whereas only 45 L volumes were used
this summer. It is desirable to sample for as short a
period of time as possible. The concentration values are
actually averages over the time of sampling. The more
time spent sampling, the less value obtained is useful

for time dependent phenomenon.

Summer Data Analysis:
Reagent blanks for the aqueous data were sent back to

Schenectady with each set of samples. A similar analysis
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as was used for the air cartridge blanks was performed on
these blanks. Contrary to the air results, only acetone
appeared consistently in the blanks. All acetone levels
found in actual field samples, when the ACN/DNPH solution
was used for derivitization, were in the quantifiable

range.

Individual data for cloud water aldehydes and ketones
are given in Appendix C. A summary for the summer is
given in Table 4. As can be seen, only three carbonyl
compounds were consistently present, the three simplest
compounds. The table shows the concentrations of the
compounds for each event sampled. Average concentration
is given along with the range for each compound during
each event. In scme of the samples, one or more of the
compounds was not detected and these were not counted for

the average of that particular compound.

In general, there was little fluctuation in the

concentrations foﬁnd. Not only was there little change
during a single event, but there was also surprisingly
little wvariation in the values obtained throughout the
entire summer. Of the three compounds, formaldehyde was
the most preﬁalent and consistent. It is also the
smallest and simplest. Grosjean and Wright h reported
findings of a study on cloud water carbonyls done in

urban areas on the west coast of this country. (25) They
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used an agueous DNPH reagent solution for derivitization

and so their quantitative results are questionable.

However, their qualitative results are useful.

They report the presence of many higher aldehyde and
ketones other than the three that were found on Whiteface
this summer. Presumably, these were produced via fossil
fuel combustion, or some other anthroprogenic source,
since it is unlikely that these large molecules were
natural products. If these large molecules were produced
from natural sources, then they probably would have also
been detected on Whiteface. 1If, as Grosjean suggests,
the clouds act as scavengers of these polar molecules,
then they would also act to transport them over
geographical distances. The fact that larger molecules
are not found in a rural area indicates some other fate
for them. There are several possibilities. They could
simply be washed out of the clouds during periods of
rain. They could naturally degrade to smaller carbon
chain compounds. Being very reactive compounds, they
could alsc react with one of the numerous other molecules

which exist in the atmosphere.

The data also shows that there is little change in
the concentrations of the compounds found. If any or all
of the three fates for these compounds acted alone, then

there would be possibly large fluctuations in
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concentration. There must be some form of replenishment
of the carbonyls that are lost. The data almost suggests
a steady state situation. Aldehydes are produced
photochemically from hydrocarbons in the air. These then
replace the aldehydes that are lost from the atmosphere
by degradation, reaction, or washout. Previous work on
whiteface showed that 1low 1levels of only the simple
aldehydes also exist in the gas phase in rural areas.
(5,22) It would seem, then, that the aldehydes present
in the atmosphere do not last long in one area or in one
air mass. Were they to be transported long distances,
vestiges of them at least would have been found on
wWhiteface. There are several urban areas not far from
Wilmington, NY which are in the path of prevailing winds.
(Appendix G) - Oswego, Buffalo, Rochester, Syracuse,
Toronto, and Montreal are some of the major industrial
areas within 200-300 miles of the mountain. It would be
interesting to trace air masses originating in one of
these areas with respect to aldehyde content to see if
this steady state 1is accurate. It would also be
interesting to see if any other reactive organic
molecules act in the same manner. It is possible that
part of the replenishment of the aldehydes 1is the
degradation of other organic pollutants which have not,

as yet, been elucidated.

Kinetic Study:
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One possible sink for the aldehydes is reaction with
aqueous S(IV). Most aldehydes react with S(IV) to form
addition products. The formaldehyde addition product,
hydroxymethanesulfonic acid (HMSA), has been studied
quite a bit lately to determine its role in the
atmosphere. (16-18) No other work to date has been done
specifically on the addition products of the other
aldehydes in the atmosphere. They would more than likely
behave similarly +to HMSA. The oxidation of S(IV) in
clouds by hydrogen peroxide has been suggested as a major
if not the major pathway for this reaction. (26-31) HMSA
is thought to be stable to this oxidation in slightly
acidic solution such as typical cloud water. 1In order to
make use of some of the data collected this summer and to

test this hypothesis, a kinetic analysis was done.

The kinetic equations are in Appendix E. Field data
from the event on 7/24/84 at 0500 (EST) were used. The
constants at pH=4 were used since this was the closest tc
the field value. The mechanism of the reaction consists
of equations (1) and (2). Assuming steady state for the

change in concentration of HS03-, rate equation (3) is

derived. The HSO03- concentration can be described as
equation (4). From eq. (2), a rate expression for the
production of S04(2-) is derived (eg. (5)). Substituting
eq. (4) into eq. (5) gives eq. (6). This is the total

rate expression for the system. If the first term in the
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denominator is much smaller than the second, it can be
eliminated from the expression. In the present case,
this 1is true. There are three orders of magnitude
difference between the two rate constants. Therefore,
eq. (6) becomes eq. (7) which can be simplified to eq.

(8).

This pseudo first-order rate equation is an
interesting expression. What this says is that the rate
of sulfate production from HMSA is dependent solely on
the amount of HMSA present and its rate of decomposition.
The amount of hydrogen peroxide is irrelevant. This
would indicate that the addition product is, indeed,
stable to oxidation by the peroxide.The rate expression
can be used to determine a half 1life for HMSA
decomposition of 1.4 x 10*6 sec. This works out to 16.7
days. Clouds will generally not last in a static state
for even close to this amount of time. It is reasonable
to conclude, then, that any S$(IV) (or formaldehyde) which
is tied up as an addition product is stable to oxidation

by H202.

Hydrogen peroxide is found in much greater
concentrations in cloud water than either S(IV) or
formaldehyde. Since the oxidation of S(IV) by H202 is
much faster than the rate of production of HMSA, a

problem arises. Namely, how and where do the addition
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products form? Several possibilities present themselves:
1) They can form in the gas phase and then dissolve in
the cloud droplets. 2) They could form on the aerosol
which then act as condensation nuclei. This is unlikely
since very little of the carbonyls are found in the
aerosol. (32) 3) The H202 could be produced after the
cloud droplet forms while the other two are essentially
present upon condensation. In this case, the addition
product is formed before the H202, but once the H202 is
produced the oxidation reaction predominates. 4) It is
also possible that at some point in the life of the
cloud, the H202 is ‘used up’ and there is an excess of
both S(IV) and formaldehyde (or any other aldehyde)
present. In any case, the levels of aldehydes and S(IV)
are both low while the levels of H202 and S04(2-) are
both fairly large and variant. Chances are that the
$(IV) detected is due entirely to that which is tied up
in the cloud as some addition product. Since the
analytical technique 1is not specific for different
addition products, it is impossible to tell if there is

another addition product other than HMSA which

contributes significantly.




Another problem concerns the DNPH method for agqueous
samples. If S(IV) is tied up as as additién product with
an aldehyde, does the new method determine how much
aldehyde 1is tied up? Grosiean suggests that the DNPH is
a good enough nucleophile to cleave the addition product
to give complete analysis. (25) If this is so, the
aldehyde values report only the free aldehydes present in
the clouds. It 1is expected that there should be free
aldehydes if the steady state model described earlier is
accurate. After droplet formation, there is some influx
of aldehydes but the S(IV) which is present is

immediately oxidized by the H202.

Complete Data Analysis:

Appendix F contains some graphs which illustrate the

usefulness of collecting simultaneous data. By tracing
different concentrations over a period of time and
comparing them to each other, relationships can be seen.
Figures 1-5 show plots which indicate negative direct
correlation between H202 and H+, NH4+, S04(2-), NO3-, and
03 respectively. Figures 6 and 7 show how a frontal
passage and change in air mass can affect ozone
concentrations and temperature. These two graphs can be
compared to the air mass trajectories in Appendix G. The
three trajectories for 7/21, 7/23, and 7/25 show the

transition from a warm, moist air mass Jrom the southwest
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to a cooler, dry air mass from the north. This change is
reflected in the graphs. Figure 8 illustrates cloud
water concentrations which do fluctuate during a period
of sampling as opposed to the aldehyde concentrations
which did not. A drastic drop in the concentrations of
both H202 and S04(2-) during the early morning hours of

7/12. This drop is probably due to a rain period at that

time. After the rain, the concentrations start to build

again. What cannot be determined by these data is
whether the concentrations are rising due to continued
production of the compounds or simply whether the new air
coming in after the rain was not affected and still had
the compounds in abundance. It would be nice to know
just how these reactions take place and under what
circumstances.

Acid rain has become a very popular issue lately both
in scientific and non-scientific circles. One fact that
is becoming more apparent as new data is revealed is that
acid rain is really only a symptom of the complex
chemical system that exists in our atmosphere.
Typically, there is a lack of analysis of organic
pollutants. In order to determine exactly what reactions

occur, more work must be done on these molecules.
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APPENDIX A

Table 1. PERCENT CHANGE IN CONCENTRATION WITH TIME: COMPARISON OF WATER
AND ACETONITRILE DNPH REAGENTS

DNPH Reagent Formaldehyde Acetaldehyde Time (Days)

H3P04/H20 -91% -94%
H3P0O4/H20 (Cart.) -34% -34%
H3PO4/ACN ~13% -7%

H2S04/ACN -5%

Table 2. STABILITY OF FIELD SAMPLES

Sample # Date Formaldehyde Acetaldehyde Acetone
Conc. (uM) Conc. (uM) Conc. (uM)

7/13 2.08 0.38 0.76
7/23 2.48 NM NM

7/13 1.63
7/23 1.56

7/13
7/23

7/13
7720
7/23

Table 3. STANDARD DEVIATIONS FOR BLANKS (uM)

AIR CARTRIDGES(*)
Compound Std. Dev. 3(Std. Dev.) 10(Std.Dev.)
Formaldehyde 0.42 1.26 4,20
Acetaldehyde 0.51 1.53 5.10
Acetone 0.27 0.81 2.70

(*) 28 blanks

AQUEQUS METHOD(S)
Acetone 0.093
{$) 6 blanks




Table 4.

Date
(Event #)

6/24-6/25
(1)

6/27-6/28
(2)

7/4-7/5
(3)

7/11-7/12
(4)

7/23
(5)

7/27-7/28
(6)

8/1-8/2
(7)

8/7
(8)

8/9-8/10
(9)

MOUNTAIN, JULY-AUGUST,

Compound

Form.
Acetald.
Acetone

Form.
Acetald.
Acetone

Form.
Acetald.
Acetone

Form.
Acetald.
Acetone

Form.
Acetald.
Acetone

Form.
Acetald.
Acetone

Form.
Acetald.
Acetone

Form.
Acetald.
Acetone

Form.
Acetald.
Acetone

1984

Ave Conc

(uM)

3.29
1.15
13.53

2.27
0.56
1.00

5.11
1.52
1.76

1.43
0.51
0.83

2.46
0.68
0.98

2.36
0.64
4.45

1.85
0.66
0.64

2.02
0.43
0.51

3.30
0.65
0.78

{(*) Number of Quantifiable/Total Number
($) Likely contamination

Range

1.78-5.52
0.85-1.64
1.10-133.38(%)

1.78-3.08
0.44-0.70
0.54-1.31

3.21-14.8
0.64-3.10
1.06-3.60

0.36-2.37
0.28-0.86
0.74-0.99

1.94-3.72
0.32-1.02
0.52-1.29

1.08-3.86

2.41-6.28

1.14-2.46
0.43-0.79
0.61-0.68

0.62-3.77
0.33-0.72
0.43-0.58

2.32-4.08
0.28-1.64
0.32-1.04

of Samples

CLOUDWATER CONCENTRATIONS OF CARBONYL COMPOUNDS ON WHITEFACE

# of
samples(*)

15/15
6/15
15/15

10/10
10/10
10/10

10/10
5/10
9/10

16/16
5/16
3/16

5/5
4/5
3/5

7/7
1/7
/7

8/8
4/8
3/8

7/7
4/7
2/7

8/8
7/8
3/8
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APPENDIX B

Hydrogen Peroxide Concentrations
ASRC Whiteface Mountain Field Station
Summer 1984

Date Time Concentration Date Time Concentration
(EST) (ppb) (EST) (ppb)

6/18/84 324 111.91 6/18/84 2330 839.34
329 130.57 6/19/84 013 1063.17
351 82.07 021 1193.73
420 141.76 115 1025.86
423 190.25 150 1119.12
452 115.64 157 895.30
459 78.34 243 1678.69
531 126.83 251 1305.65
536 134.30 354 1977.12
614 596.87 419 2238.25
619 1081.82 426 1809.25
644 652.82 458 2462.07
649 746.08 504 1827.90
718 503.61 544 1827.90
723 466.30 620 1566.77
751 820.69 954 447.65
802 690.13 1028 932.60
824 1268.34 1038 671.48
840 1100.47 6/24/84 1130 1488.48
908 1342.95 1336 1313.36
913 1063.17 1510 1488.48
944 876.65 1538 875.58
950 708.78 1613 700.46
1015 335.74 1643 525.35
1021 317.09 1712 404.95
1321 839.34 1744 350.23
1327 858.00 1817 218.89
1413 1268.34 1846 175.12
1422 1231.04 1919 131.34
1527 2200.95 1947 153.23
1841 1231.04 2017 87.56
1849 1268.34 2048 240.78
1928 484.95 2125 306.45
1935 447.65 2148 186.06
2010 130.57 2216 394.01
2017 167.87 2249 448.73
2046 298.43 2319 437.79
2052 261.13 2345 525.35
2136 298.43 6/25/84 015 295.51
2144 317.09 050 350.23
2215 205.17 119 569.12
2223 242.48 149 831.80

2317 466.30 410 1335.25



Date Concentration Date Concentration
(ppb) ( {(ppb)
6/27/84 85.71 7/12/84 41.02
246.43 54.69
364.29 13.67
6/28/84 407.14 41.02
450.00 41.02
471.43 54.69
428.57 246.09
257.14 355.47
278.57 403.32
214.29 560.55
150.00 341.80
85.71 170.90
42.86 177.73
192.86 7/24/84 427.23
192.86 310.09
171.43 192.94
128.57 303.20
171.43 413,45
128.57 385.89
107.14 737.32
150.00 840.68
128.57 723.54
107.14 840.68
107.14 7 757.99
42.86 7/27/84 905.97
1200.00 774.46
1200.00 526.05
7/11/84 187.78 496.82
125.18 650.25
137.70 1008.26
100.15 1169.00
425.63 803.69
425.63 >1056.48
425.63 578.65
801.18 7/28/84 62.89
>876.29 56.60
701.03 6.29
75.11 238.99
200.30 540.88
118.93 477.99
187.78 691.82
325.48 503.15
>876.29 8/1/84 982.87
>876.29 291.22
701.03 600.64
388.07 364.03
300.44 218.42
250.37 81.91
200.30 54.60
491.97 101.93
342.00 276.66
68.35 131.05
27.29 65.52




Date Time Concentration
(EST) (ppb}
8/2/84 210 >572.44
342 1399.29
413 >2862.19
427 4293.29
450 4452.30
528 5756.18
611 1717.31
8/7/84 103 2115.08
128 1650.79
155 1044.64
227 257.94
315 670.64
340 851.19
410 322.42
440 128.97
510 361.11
540 386.91
607 232.14
838 1289.68
1943 2302.86
2015 2458.39
2050 1960.58
2115 1306.96
2144 2146.81
2213 1742.62
2238 1400.34
8/9/84 2018 520.51
2050 660.16
2156 228.52
2220 114.26
2250 76.17
2325 50.78
2352 12.70
8/10/84 250 <12.70
320 1002.93
420 38.09
505 <12.70
520 <12.70
546 <12.70
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APPENDIX C

Aqueous aldehyde concentrations{uM) for each event
Union College DNPH method
Summer 1984

Time (EST) Formaldehyde Acetaldehyde Acetone

6/24/84
1030 5.52 1.64 1.70
1130 2.42 0.85 1.10
1250 1.78 1.36 133.38 (*)
1335 2.92 1.28 25.04 (*)
1425 2.45 0.87 23.72 (*)
1519 3.71 0.92 2.38
1626 3.93 - 2.35
1717 4.52 - 2.48
1819 4.71 - 1.73
2011 3.44 - 1.28
2126 2.13 - 1.33
2227 2.66 - 1.64
2328 2.45 - 1.66
6/25/84
128 3.47 - 1.84
403 3.22 - 1.32
6/27/84
2100 2.49 0.44 0.96
2200 2.81 0.65 1.02
2300 2.39 0.46 0.99
2330 1.98 0.63 0.97
6/28/84
0015 1.78 0.70 1.19
0115 1.83 0.64 1.07
0215 3.08 0.57 1.31
0315 1.94 0.39 0.93
0415 2.10 0.70 0.97
0615 2.34 0.45 0.54
7/4/84
1112 14.80 3.10 3.16
1930 3.21 0.64 1.32
2030 3.52 - 1.36
2200 5.48 1.82 -

2331 3.54 - 1.12




Time(EST) Formaldehyde Acetaldehyde Acetone

7/5/84
0100 3.42 - 1.06
0227 5.72 - 1.33
0411 3.92 0.98 1.23
0530 3.56 - 3.60
0702 3.91 1.68

0805 2.08 0.76
0900 1.63 0.
1000 2.26

1045 2,22

1255 1.05

1357 0.62

1506 1.03

1606 0.89

1829 1.27

1928 0.36

2100 1.50

2247 2.50

7/12/84
0013 1.11 -
0111 0.91 -
0341 1.52 -
0515 2.37 0.86

7/24/84
0300 2.08 0.51
0400 1.94 0.32
0500 2.25 -
0600 2.32 0.87
0700 3.72 1.02

7/27/84
1240 1.08 -
1340 1.75 -
1440 2.10
1550 3.44 .64
1940 2.52 -

7/28/84
0800 79 -

0900

1.
3.86
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Time(EST) Formaldehdye Acetaldehyde Acetone
8/1/84
1345 2.25 0.79 0.61
1515 2.46 0.71 0.63
1600 1.14 - -
1820 1.93 - -
2000 1.30 - -
2200 2.17 : - -
8/2/84
0346 1.21 - -
0555 2.37 0.43 0.68
8/7/84
0118 1.32 0.33 -
0319 0.62 -
0513 1.53 - -
0848 1.88 0.38 0.43
1100 1.80 - -
1930 3.77 . 0.72 0.58
2130 3.24 0.29 -
8/9/84
1900 3.57 1.64 1.04
2100 4.08 0.88 0.98
2300 3.76 0.46 0.32
8/10/84
0100 3.31 0.28 -
0300 3.05 - -
0500 3.02 0.29 -
0920 3.26 0.31 -
1050 2.32 0.70 -
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APPENDIX D

cromolar concentration values for air cartridges
Summexr 1984

Time(EST) Formaldehyde Acetaldehyde Acetone

6/27/84
1335 1.38 5.69 - 3.56
1939 3.17 -1.86 4.4.5
: 6/28/84
0130 2.66 1.46 4.00
0825 2.28 4.32 3.18
7/4/84
1832 3.09 2.39 5.36
2330 2.10 1.58 5.40
7/5/84
0530 1.38 . 1.10 3.43
1300 2.32 1,08 - 1.13
1935 1.24 - 3.99
A . 7/6/84
0105 1.21 1.81 5.06
0805 1.38 1.02 3.39
7/10/84
1146 1.40 1.41 3.50
7/11/84
0745 1.20 0.82 3.98
1220 1.55 2.02 4.44
1304 1.89 1.48 3.62
2215 1.02 1.05 3.41
7/12/84
0500 1.44 1.22 3.64
0855 0.89 0.47 3.30
1135 1.48 0.91 4.50

1345 1.06 0.70 3.44




Time(EST) Formaldehyde

0845
1200
1501
1850
2200

1200
1740
2310

0405
0710
1835

1830

0000
0600
1230
1840

0950

1005
1500
1800
2200

0200
0600
1325

2305

1100
1900

Acetaldehyde Acetone

7/18/84

- 0.64 2.56

- 0.81 2.54

- 1.00 2.51

1.16 1.93 4.41

- 0.95 3.02
7/23/84

1.28 . 3.15

1.77 0.89 3.72

2.90 0.30 2.00
7/24/84

1.48 0.88 4.94

- 0.33 1.72

- - 1.24
7/26/84

1.72 0.57 1.73
7/27/84

2.80 1.39 3.67

2.58 5.08 1.13

1.52 1.26 1.04

2.08 3.28 1.66
7/28/84

0.60 0.83 1.44
8/1/84

3.42 1.42 2.92

0.95 6.79 2.46

- 1.87 3.39

0.35 - 0.92
8/2/84

- 0.80 « 2.2%

- 1.89 3.20

- 1.44 1.39
8/6/84

1.26 0.92 1.81
8/7/84

0.83 1.65 4.40

1.90 3.06 2.03

Propanal
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Time(EST) Formaldehyde Acetaldehyde Acetone

8/9/84
1908 .64 1.25

8/10/84
0310 1.23
0900 1.92
1245 1.88
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Appendix E

+ HCHO

HSOZ

k + 2=
3 * nzoz-——%;> K00 + SO,

dszéojz = 0 = Xk,[HMSA] - x_,[HSO3]I[HCHO] ~ k,[HS03](H,0,]

[Hs03] = KyLHMSA]

3

k_,[HCHO] + k,[H,0,]

2a
als0;"]
dt
aLsoZ™] . ieyk,[MMsaIlH,0,]
at k_,[HCHO] + k,[H,0,]

- kétxsosjtxzozj

(7) 4[507) _ k,k,[imsA]LK,0,)
at k,[1,0,]

2a
(8) 4059, . k, LHMsA]
at

Constantss

k; = 4.8 x 1077 (20.4) ¥ -1lsec™! (18)
K_y = 4.8 20,6 N lsec™! (18)

k, = 1.3 x 207 M~2sec™! (26)

.this value determined by DNPH method
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Appendix E (cont.)

ktl/Z = 1In2 _ ,
tl/z =0,6931/ 4.8 x 10

= 1.4 x 106 sec




APPENDIX F

Complete data analysis
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APPENDIX G

Approximate air mass trajectories for the summer of
1984. The target point is the summit of Whiteface
Mountain. The lines show the general history of the air
mass which was present at the mountain on the date shown.
850 millibarrs is the atmospheric pressure at the summit
and is also the reference pressure used on the weather
maps from which this information was taken.
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APPENDIX H

Complete data for all cloud water samples taken by
the ASRC on Whiteface Mountain during the summer of 1984.
Samples were taken and labelled consecutively throughout
the summer. The dates for each sample is given as well
as the time for each in Eastern Standard Time. Four
different collectors were used for samples. They are
identified by a letter in front of the sample number.
Collector “A” was the ASRC colector.




A40

SAF ¥ START
At 0355
A2 0444
A3 0522
44 09551
45 0635
né 0707
a7 0734
a8 0810
a9 0859
A0 0932
At 1002
A12 1256
A3 1311
Al4 1400
A15 1430
Al 1459
A7 1536
Al8 1820
al9 1906
A0 1950
A21 2109
A22 2214
A23 2250
A24 2355
A2S 0055
A2 0145
a2 0224
A28 0325
A29 0401
A30 0504

T AN 0608
A32 0814
A33 0854
A34 1004
A3S 1103
A3 1327
A3? 1424
A38 1530
A39 1433

1732

END

0409
0449
0529
0510
0647
0715
0752
0833
0905
0942
19011
1310
1342
1410
1440
1514
1550
1833
1920
1959
2123
2224
2258
0007
0104
0154
0234
0333
0412
03511
0414
0819
0903
1010
s
1335
1437
1535
1637
1738

DATE
061884
061884
0561884
061884
061884
061884
061884
061884
061884
061884
061884
061884
061884
061884
061884
0461884
0461884
061884
061884
061884
061884
061884
051884
041884
061984
061984
061984
061984
061984
061984
061984
061984
061984
061964
062484
042484
062484
062484
062484
062484

« % s % s @
NO =N UV OO D
O DA RN

) God G Gl Lol G Gad B Gt B B
.

pH-L
3.54
3.87
3.92
3.79
3.84
3.92
3.85
3.91
3.93
4.13
4.24
4.24
4.20
4.14
4.07
4.04
3.95
3.94
4.07
4.14
31.75
3.81
3.98
3.74
3.81
3.94
4.00
3.99
3.97
3.91
3.97
3.72
3.58
3.69
3.0
3.59
3.61
3.79
3.99
4,25

WHITEFACE CLOUD WATER

€1

3.61
2.68
2.57
2.12
2.85
2.45
2.53
2.22
3.95
1.35
-802
1.42
.880
1.23
2.17
3.15
2.70
3.87
1.87
2.60
3.65
2.76
1.15
.21
3.36
2.25
1.98
2,28
2,23
3.02
2,18
1.37
t.94
1.80

109.
130.
65.1
20.4
10.8

NO3

103.
47.6
38.4
57.6
30.2
34.7
39.7
36.6
32.8
21.1
10.7
21.5
19.4
25.2
27.7
28.6
35.5
40.9
23.1
15.4
45.7
39,7
24,4
54.4
50.7
34.6
30.9
3.1
32.8
36.8
30.5
18.4
21.8
18.6

133,
153.
84.9
37.9
20.5

504

123,
66.5
54.8
78.8
72.9
58.0
65.1
58.3
49.5
33.8
25.1
23.9
20.9
24.7
33.4
38.9
35.4
96.6
43.3
39.0
12,
97.8
66.1
107.
94.1
75.7
61.3
61.8
66.0
72.5
§5.1
109.
149,
114,

214,
199,
117,
41.8
41.7

Na

103.
120.
65.0
19.3
15.1

NH4

41.5
28.9
26.7
18.7
4.2
32.¢9
40.7
38.4
3t
21.3
1.7
18.8
13.5
17.5
27.6
35.6
56.2
81.2
46.9
40.3
98.7
93.2
64.8
99.9
93.3
82.8
70.1
66.5
66.6

33.0
47.0
55.6
49.3
171.8
160.
143,
77.2
41.3
23.7

K

1.0?

1.22
1.09
1.79
1.88
.919
1.75
1.51
1.28
1.15
1.55
1.15

1.02
-048
341
874
24.8
19.0
15.4
6.20
2.59
3.03

HSO3

HCHO

H202

S6




SHP #
A4l
A42
A43
Ad4
A45
Ads
A47
A48
A49
AS0
Ast
A52
AS3
A4
ASS
ASh
AS7
A58
ASY
A&0
As1
Ab2
As3
Ab4
ALS
Abs

A68
AsY
A70
A7t
A72
A73
A74
A75
A7
A77
A78
A79
ABO

START
1824
1930
2030
2130
2230
2330
0030
0133
0350
2130
2304
2335
0020
0057
0136
0208
0248
0326
0359
0427
0457
0527
0556
0759
0839
1007

1915
2015
2045
2120
2150
2222
2250
2322
2350
0027
0112
0140
0207

END

1830
1935
2037
2133
2235
2335
0035
0139
0355
2145
2310
2343
0027
0104
0145
0217
0255
0331
0404
0432
0503
0533
0601
0814
0855
1020

1922
2023
2050
2124
2154
2228
2254
2326
2354
0033
0114
0143
0212

DATE
062484
062484
062484
062484
042484
062484
052584
062584
062584
062784
0462784
042784
062884
062884
062884
062884
062884
062884
062884
062884
042884
062884
062884
062884
052884
070484

070484
070484
070484
070484
070484
070484
070484
070484
070484
070584
070584
070584
070584

pH-F
4.4
4.47
5.01
4.06
4.51
4,51
4.74
4.61
4.47

2.96

Kl Gl de o Lol Dl G Gud Gl Gl B O G
" s s e s e »
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pH-L
4.28
4.59
4.70
4.30
4.32
4.18
4.48
4,38
4.32
3.53
3.5
3.42
3.45
3.49
3.99
3.47
3.75
31.84
3.94
3.94
3.98
4.04
4.08
3.78
3.46
2.88

3.15
3.33
1.50
3.58
3.74
3.39
3.78
3.79
3.83
4.16
4.23
3.93
3.92

WHITEFACE CLOUD WATER

c1 NG S04
6.39 16.4 33.5
2.44 10.8 15.4
.805 9.98 7.20
1.23 . 20.2 28.3
1.29 21.0 27.2
2.24 36.9 91.7
869 14.8 24.2
1.47 29.4 38.3
5.41 82.4 90.5
3.19 68.4 193.
8.93 109. 191,
10.3 155. 232.
10.3 143, 234.
8.37 132, 228.
6.30 100. 174,
7.24 129, 138,
7.96 145 22
34.4 138. 113,
9.36 123 90
6.81 3 87.9
8.41 95.8 68.6
5.29 84,1 70.0
6.29 93.0 64.2
7.85 83.4 120.
141 151, >
38.7 586, 818.

10.6 148, 482,
4.49 76.6 322.
3.06 44.1 214,
2.53 36.8 183.
.21 23.3 122.
2.24 40.1 186,
1.35 27.5 99.0
1.35 23.3 97.0
1.12 21.8 93.4
< .48 3.61 48.1
< .48 4.16 37.2
679 9.95 78.3
.873 9.23 93.9

.892
793
1.05
727
260
2.18
2.38
1.94
1.4%
1.99
1.55
2.48
2.90
1.56
29.9
4.83
.21
5.28
1.73
2.01
1.81
2.42
1.7

2.1
t.18
791
1.2¢
475
760
.348
318
506
.356
2320
.570
<463

NH4
15.9
7.13

25.8
29.4
76.0
39.4
75.5
197,
>1935.
211,
248.
283.
285,
238.
243,
202,
180,
183
189.
136.
128.
123.
166,
276,
667.

350,
230.
150,
134,
87.6
138.
72.7
75.0
74.8
38.4
25.8
61,2
$6.8

K
1.73
«962
<.9
959
.459
959
»939
719
35.69
2.80
1.90
2.20
2.49
2.03
1.722
2.71
1.47
12.5
3.48
<1.02
2.67
1.30
1.30
1.7
3.42
8.56

2.67
<703
6.34
< .70
< .70
733
< .28
< .28
< .28
< .64
< .32
< .32
20.32

HS03

HCHD

H202
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SHP & START
agl 0242
482 0311
ABI 0520
Age 0552
ABS 0621
ABS 0645
a87 0911
ABS 0940
asy 1012
490 1040
AT 1300
A2 1340
a3 1421
A% 1457
a5 1523
A% 1551
a7 1832
a8 1902
A7y 1932
A100 2003
A101 2103
A102 2148
4103 2239
A04 2304
A105 2341
A0 0018
A107 0037
A0 0105
a109 0137
A110 0205
At 0242
Al12 0320
AT 0350
AllA 0418
ATI5 0448
A1 0519
AN17 0548
AlR_ 0617
AT1? 0306
A120 0336

END
0244
0314
0526
0553
0624
0633
0915
0942
1015
1043
1303
1344
1425
1500
1526
155%
1835
1906
1934
2007
2108
2201
2237
2309
2344
0018
0041
0108
0140
0208
0244
0323
0352
0420
0451
0521
0550
0619
0310
0339

VHITEFACE CLOUD WATER

BATE  pH-F pH-L €1 NO3 504 Na NH4 K HS03 HCHO H202

070584 4.30 4.32 . < .24 2.35 28.8 108 16.9 < .32

070384 4.10 4.20 < .48 3.82 38.0 .285 27.2 < .32

070584 3.37 1.32 4.36 105.  >222. 2,13 200 3.88

070584 3.40 3.60 2.42 1.4 H222. 748 3200 776

070584 3.4 3.82 2.37 53.0 178. 2720 189, 1.24

070584 3.29 3.19 13.2 227, 501 2,37 412, 3.79

071184 3.28 3. 9.37 149, 247, 3.13 203 .956

071184 3.98 2.19 29.3 49.4 1.35 3.8 < .79

071184 3.4 6.38 108. 217, 1.59 161. 796

071184 3.45 3.43 6.17 100. 198, 1.53 ., <.

071184 3.53 3.54 4.08 63.4 158. 1.37 96.4 .318

071184 3.57 3.65 3.14 48.4 139. 1.53 90.8 < .3 76571

071184 4.05 4,07 .523 ?.64 48.1 351 32.8 < .3 245714

071184 3.80 3.85 1.4 25.4 86.3 .989 78.5 .701 .58285

071184 3.71 3.74 2.04 41.4 106, 1.59 94.0 637 .70857

071184 3.48 3.72 2.88 9t.6 123, 1.68 106. .573 57142

071184 3.67 3.74 .51 55.8 109. 1.92 87.6 -65142

071184 3.62 3.58 10.0 94.1 146, 2.98 12, 1.52 -39428

071184 3.57 3.39 7.98 76.5 114, 2.89 84.0 < 1.3 .51428

071184 3.7% 3.79 4,28 54,2 91.3 .830 77.2 427 97142

071184 4.43 4.49 .298 9.85 146.46 a1 17.7 < .35 .38857

021184 4.73 4,64 <20 5.26 8.70 .505 4.83 < .35 .35428

071184 4,30 4,37 < .24 18.6 12.1 173 4.4 < .35

071184 4.43 4.70 < .24 11.2 4.78 2311 142 .35 .48

071184 4.78 4.79 < .24 6.45 4.1 < .17 473 (.35 .75428

071284 4.90 4,94 < .24 4.07 4.29 < .17 < .29 < .35 .50285

071284 4.84 4.85 < .25 4.82 4.92 2180 471 < .37 45714

071284 4.82 4,72 < .25 6.61 9.34 2324 1.5 < .37 41142

071284 4.50 4.56 < .25 9.11 18.9 .341 27.8 < .37 51428

071284 4.45 4.52 305 8.58 23.3 469 5.0 < .3 .54857

071284 §.13 2 916 12.5 46.7 .85 58.8 < .37 .64

071284 3.98 4.06 967 16.2 41.6 685 4.4 < .37 59428

071284 3.86 3.98 1.32 20.3 74.8 g2 77.0 «755 -36571

071284 3.80 3.82 2.39 30.2 99.1 1.40 g0.t  ..529 .70857

071284 3.42 3.64 3.56 48.0 155. 1.73 124, .795 .8

071284 3.62 3.64 3.46 42.1 148, 1.08 112, .255 77714

071284 3.67 3,63 2,85 38.7 147. .865 104. 529 «70857

071284 3.62 3.62 3.10 42.1 156. .939 106. - 759 269714

07248% 3,25 3.76 454 2.84 1.4010
3.36 3.39 5.18 382. 2.84 2.0421

072494

L6




SHP @
Af21
A122
A123
A124
A125

A127
A128
A129
/130
Al
A132
A133
A134
A135
A136
A137
A138
A139
A140
At41
A142
Al43
At44
A145
A146
A147
A148
A4y
A150

A152
A153
A154
A135
A156
A157
A158
Al59
A1460

START

0405
0435
0505
0535
0605

1259
1334
1407
1434
1508
1337
1823
1854
1927
2305
0612
0455
0735
0809
0844
0920
1344
1419
1518
1548
1613
1759
1825
1900

2005
2035
2113
2157
2235
0120
0156
0234
0307

END DATE  pH-F pH-L £1 NO3 S04 Na K HSO3  HCHO  H202

0407 072484 3.44 1.52 . 3.40  305. 1.42 1.7473

0437 072484 3.55 3.81 3.02 268. 1.42 1.7473

0507 072484 3,45 3.7 2.24 248, 995 1.5348

0538 072484 3.48 3.78 2.32 277. 1.13 1.0105

04608 072484 3.78 3.83 2.5% 283, 1,42 1.0BA2 e

1258 072784 4,05 3.09 47.9 1.1 1.13 42.0 < .34 1.9579

1333 072784 4.02 2.31 4.9 47,2 L9448 45.9 < .34

1405 072784 4.02 2.55 44.0 47.6 1.23 2.8 < .34

1435 072784 3.94 2.47 53.8  55.3 1.24 52,3 .568

1505 072784 3.86 3.20 87.2 63,7 1.49 50.0 .189

1534 072784 3.80  3.78 77.7 5.2 1.62 41.8 331

1805 072784 3.81 3.61 72.1 64.2 1.52 49.7 < .33

1855 072784 3,486 10.4 83.0 108. 27.9.  60.9 .742

1922 072784 3.77 2.37 62,9 75.0 1.43 37,6 < .33

2007 072784 3.74 2,25 72.7  75.%9 1.05 32.9 < .33

0611 072784 3.39  8.8¢9 172, 182, 7.61 82.4 1.08

0655 072884 3.82  2.84 80.2  41.0  5.77  43.4 234

0734 072884 3.79 3.74 91.4  58.9 3.87 45.8 140

0808 072884 3.90 2,75 82.2 49.2 2.45 42,2 797

0845 072884 3.49 3.79 143, 81.4 2,41 75.8 0

0920 072884 3.73 3.40 123, 78.6 2.3t 71.4 156

1000 072884 3.73 3.1 114, 82.4 2.20 79.3 468

1418 080184 3.22 182, 433, 8.52 388. 4.35

1517 080184 3.24 173. 448, 5.19 427. 2.2

1545 080184 3.25 179. 413, 3.08 385, 1.62

1612 080184 3.28 182, 420, 2.54 377, 1.34

1757 080184 3.39 9.32  136. 334, 2.02 279, 1.76 3.1832

1822 080184 3.81 1.66 32.0 124, YY) 119, 656 4.2370

1854 080184 3.9 677 16.2 96.5 2322 84,5 .246 4.,3654

1930 080184 3.92 604 17.8 96.7 430 93.1 .492 3.7234
’ 57877

2032 080184 4.03 7.65  469.6 L235 5041 .184 3.1454

2110 080184 3.76 686 18.4 17, .235 56,8 .323 3.4446

2154 080184 3.76 L6348 20.8 115,  .323 441 .63 2.8428

2231 080184 3.46 1.38 32.0 220,  .348 69.0 <5

0119 080184 3.59 2.00 35.2 166, 1,01 93.3 1.45 3.225%

0154 080284 3.80 992 24,1 117, .389  48.2 104

0234 080284 3.78 1.14 26.9 107, 309 770 L4675

0305 080284 3.65 2.864 60.3 139, 593 11, 450 3.3075

0336 080284 3.70 1.91 0.7 121, L7488 89.3 . 450 2,5948

VHITEFACE CLOUD WATER

NH4
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WHITEFACE CLOUD WATER
SHP B START  END DATE  pH-F pH-L €1 NO3 504 Na NH4 K HS03 HCHO H202
A1 0338 0405 080284 3.67 2.44 48.1 132. 619 85.8 1.39 3.6656
A162 0407 0436 080284 3.460 73.6 147, 772 103. .37 3.8585
At63 0437 0504 080284 3.56 83.5 167, .889 121, 664 J3.4148
A164 0505 0605 080284 3.49 88.8 212, 1.68 152. 1.18 3.9908
A14S 0607 0633 080284 3.59 2.39 45.9 182, 3.4726
Al166 0634 0820 080264 3.45 83.4 228. 1.64 176, 1.23 4.8231
A167 2353 0024 080484 3.22 148. 458, 3.38 390. 2.57 3.7620
A168 0024 0102 080784 3.39 8.88 131, 284. 1.85 235. 1.10 3.1832
A169 0105 0205 000784 3.38 g.12 145, 279. 1.82 209. 1.28 2.2186
A170 0204 0304 080784 3.49 7.58 107. 221, 1.19 155, .817 2.122%
A171 0304 0332 080784 3.57 2.84 77.0 196, 744 170. 980 2.4115
A172 0333 0402 080784 3.57 3.38 73.8 186, .857 156, 1.10 2.4115
A173 0404 0432 080784 3.75 2.39 44.8 120. <405 91.6 2.04 2.8938
A174 0434 0502 080784 1.38 7.70 122. 276, 810 214, «701 2.5080
A175 0504 0532 080784 3.36 7.54 124, 290. 1.00 2235. 1.12 2.6956
6176 0534 0602 080784 3.38 6.77 12, 262. .874 199. .817 2.7886
A177 0603 0805 080784 3.39 6.47 112, 276. 223. .856 2.5562
A178 0807 0842 080784 3.45 3.78 77.4 250. .831 196. 4.05 2.4432
A179 0844 1040 080784 3.37 2.80 49.5 288, W 767 171, .732 3.0172 ©
A180 1044 1322 080784 3.37 4.97 63.0 328. -852 284, 963 4.3012 ©
Al81 1419 1555 080784 3.34 97.8 4907. 4.00 399. 2,40 4.6B464
A182 1405 1741 080784 3.44 67.8 345, 3.49 385. 1.50 3.2642
A183 1743 1852 080784 3.75 4.97 64.3 222. 1.70 335. 1.50 6.2271
A184 1854 1953 080784 3.93 4.53 391 158. <863 289. 1.00 7.3827
A185 1983 2103 080784 3.70 5.49 47.4 232. 976 301. 1.36 7.1259
A1B6 2184 2202 080784 3.648 3.45 28.5 180, 7209 197. .802 7.7679
A187 7204 2302 080784 3.73 3.14 38.9 142, 776 147. 601 7.6395
A188 1913 1955 080984 3.0 . 285. 601. 4.04 324, 3.09 5.3948
A189 1954 2026 080984 3.08 245. 534. 5.25 254. 2.47 3.3968
A190 2027 2049 080984 3.13 235, 442, 4.02 191, 1.54 3.9523
A191 2051 217 080984 3.10 278. 475. 4.37 216. 1.54 3.7936
A192 2119 2143 080984 3.12 244, 451, 3.68 256. 1.26 5.5355
A19F 2144 2216 080984 3.15 207. 400. 3.36 225. .833 8.0714
A194 2218 2247 080984 3.19 206. 345. 3.07 206. < 1.1 9.9920
A195 2249 2317 080984 3.8 222, 376. 3.49 213, < .99 4.9271
Al1%6 2319 2349 080984 3.18 226. 349, 3.58 199. .783 4.5695
| Mme7 2351 0018 080984 3.2 224, 299, 3.56 167, 4 .86 5.7218
At98 0020 0047 081084 3.18 247, 329. 3.82 175. < 1.0 5.0046
A199 0049 0118 081084 3.19 246. 36, 3.99 163,  (1.09 6.0397
A200 0120 0147 081084 3.22 220, 300. 3.79 156, 1.21 6.0397




GNP #
A201
A202
A203
A204
4205
A6
A207
A208
A209
A210
A1
A212
A213
A214
A215
A218
A217
A218
A21¢
A220
A221
A222
A223
A224
A225
A224
A227
A228
A229
A230
A231

START
0149
0219
0249
0320
0348
0414
0444
0537
0544
0411
0815
0855
0940
1015
1043
2058
2154
2229
2258
0052
0119
0114
0214
0244
0316
0343
0423
0453
0526
0558
0738

END

0218
0244
0318
0347
0415
0445
0514
0543
0610
08teo
0853
0937
1013
1041
1235
2150
2227
2257
2343
0118
0145
0215
0243
0314
0342
0400
0444
0520
0549
0616
0809

DATE
081084
081084
081084
081084
081084
081084
081084
081084
081084
081084
081084
081084
081084
081084
081084
081484
081484
081484
081484
081584
081584
081584
081584
081584
081584
081584
081584
081584
081584
081584
081584

pH-F

pH-L

3.2

3.24
3.21
3.07
3.14
3.13
3.21
3.24
3.25
3.20
3.23
3.26
3.25
3.21
3.03
4.10
3.78
3.62
3.72
3.93
4.14
4.43
4.60
4.12
3.95
4.23
3.87
3.96
3.93
3.85
3.72

UWHITEFACE CLOUD WATER

cl

9.32
7.48

9.55

9.49

.1
4.73
5.95
.10
1.61
466

3

.480
.553
.058
1.17
1.00
1.17
1.73
3.13

NO3

206.
184,
195.
259.
229.
247,
204.
191,
146,
184,
176,
151,
154,
135.
273,
24.0
42.8
39.4
6.6
24.9
11.8
6.07
3.20
17.2
27.0
14.4
37.4
33.7
35.4
50.8
72.%9

504
308.
299,
39,
419,
387.
101,
130.
310.
284,
322,
316,
295,
312,
304.

518,
8041
137.
191,
145,
86.7
49.9
26,1
13.4
49.3
7.2
37.9
81.6
69.3
79.2
90.1
109,

NGO OO D S O

NH4

157,
147,
155,
217.
1935,
210,
166,
159.
147,
174,
177.
157.
165,
163,
276,
53.4
109,
142,
104.
56.1
32.1
15.9
5.88
2t.0
36.6
19.4
42.5
35.5
42.2
50.6
56.1

K
1.36
.21
<1.32
{1.68
<1.52
1.3
.94
.98
1.0
.97
.387
< .82
1.03
1.07
1.53
.205
.B61
779
.287
.328
.328
. 164
.123
.287
246
L2464
-974
=343
L343
.304
457

AN S N Y

HS03

.75428

HCHO

5.6026
5.1258
5.0066
5.2450
4.5082
4.6012
5.2054
4.7406
5.0659
4.5082
4.8335
5.7631
4.4047
4.8412
4.92056
4.2460
2.8948
4.3650
2.8948
2.9365
3.4920
2.3412
1.9841
2.9761
2.1825

P e B A % ]
.
(=3
re
~J3

H202

001




WHITEFACE CLOUD WATER

SHF #  START  END DATE  pH-F pH-L C1 NOZ 504 Na NH4 K HS03 HCHO H202
Bt 0335 0409 061884 3.48 3.51 1.462 13, 139. 48.3

B2 0444 0449 061884 3.49 3.87 503 48.6 66.3 28.6

B3 0522 0529 041884 3.83 3.87 1.046 39.8 58.4 28.1

B4 0552 0601 041884 3.75 3.76 1.73 62.2 €3.7 40.7

BS 0435 0644 061884 3.75 3.81 1.90 50.4 72.5 1.7

Bé 0707 0712 061884 3.84 3.94 1.06 3441 55.8 30.3

B7 0736 0745 061884 3.87 3.85 1.29 39.9 63.3 40.2

BB 0810 0824 061884 3.83 3.89 1.42 34.7 54.3 335.9

89 0859 0905 061884 3.9 3.95 1.29 30.7 45.4 28.3

B10 0932 0942 041884 3.97 3.97 t.11 24,9 43.3 24.3

B 1002 1o 061884 4,05 4.17 370 1.1 27.9 14.4

B12 1256 1310 061884 4.17 4.17 .998 21.4 24.7 19.5

B13 1331 1342 0561884 4,19 4.21 .587 19.4 19.6 11.1

Bl4 1400 1410 061884 4.13 4.15 - 645 23.9 24.4 17.3

B15 1430 1440 061884 4.05 4.12 1.12 28.3 31.0 28.3 2730
Bl4 1459 1514 041884 4.03 4.04 2.05 27.0 39.2 - 36.0

B17 1534 1550 061884 3.95 3.97 2.05 35.3 94.5 56.5

B18 1820 1833 061884 3.92 3.93 2.54 42.5 58.4 63.0 .866
B19 1906 1920 0461884 3.94 4.13 1.01 18.5 38.2 41.9 636
B20 1950 1959 061884 4.07 4.18 2524 13.1 36.2 35.8 .2642
B21 2109 2123 061884 3.74 3.59 45.7 112, 102. 1.79
B22 2214 2224 061884 3.74 3.81 2.60 361 93.5 88.2 1.44
B21 2250 2258 061884 3.93 3.99 902 23.0 64.7 63.1 1.13
B24 2355 0007 061884 3.72 3.74 3.01 54.2 1035, 97.4 1.13
B2S 0055 0104 061984 3.73 3.82 3.03 50.5 3.4 93.7 1.42
B26 0145 0154 0461984 3.88 3.94 2.00 37.5 77.3 86.1 1.1
B27 0224 0236 061984 3.97 4.01 1.81 29.8 §0.1 68.4 2.13
B28 0325 0333 061984 3.92 3.98 1.96 28.8 1.0 82.2 .978
B29 0401 0412 041984 3.92 3.93 2.04 30.6 45.8 £5.4 1.20
B30 0504 0511 061984 3.83 3.89 2.79 35.4 70.6 69.8 .828
B31 0608 0614 061984 3.91 3.97 1.89 29.3 55.4 51.2 .438
B32 0814 0819 061984 3.47 3.73 1.12 17.2 106, 46.8 876
B33 0834 0903 061984 3.58 3.57 1.72 20.4 150. 54.7 .682
B34 1004 1010 061984 3.63 3.49 1.45 17.8 114, 49.9 .292
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WHITEFACE CLOUD WATER

GNP # START  END DATE  pH-F pH-L €1 NO3 504 Na NH4 K HS03 HCHO H202

BS1 2304 2310 062784 3.51 7.85 116, 189, .958 203. 1.60
BS§2 2335 2349 062784 3.39 11.0 166. >201 1.06 >18% 1.73
B33 0020 0031 062884 3.45 10.3 159. 226. 1.32 286. 2,14
BS54 0057 0104 062884 3.50 8.46 129, 226. 1.39 285. 1.99
B33 0136 0145 062884 3.462 5.64 97.7 1720. 1.45 219. 1.27
B34 0208 0224 062884 3.45 3.468 7,52 134. 147, 2.22 241, 2.83
BS7 0248 0255 062884 3.74 8.51 149, 127. 1.646 183 2.35
B38 0326 0331 062884 3.81  6.05 129 96.5 1.18 7" 1.54
B39 0359 0404 062884 3.91  6.38 124 94.7 1.15 192 1.95
B&O 0427 0432 052884 3.96 t.16 179, 2.12
:13} 0457 0503 062884 3.96 6.29 112, 82.8 t.21 163 1.30
B62 0527 0333 062884 4.02 4.54 7.8 68.7 1.00 127. 1.02
B&3 03556 0601 042884 4.03 3.95 94.0 64.8 1.10 123, 1.02
Bé4 0759 0814 0562884 3.77 7.56 B4.1 126. 1.51 170. 1.7
B&S 0839 08355 062884 3.43 17.4 139.  »in 3.12 293. 3.76
B&7 1545 1554 070484 2.92 2,99 15.4 212, 690. 2.65 S35, 4.07
B&8 171135 1922 070484 3.14 3.14 11.0 150. 490. 1.58 348, 2.25
B&Y 2015 2023 070484 3.32 3.34 4.12 74.4 319. 791 229, 1.12
B70 2045 2050 070484 3.49 3.50 5.24 43.2 219, 712 153, 6.20
B71 2120 2126 070484 3.53 3.59 2.08 37.9 183. 004 135. < .70
B72 2150 2154 070484 3.464 3.75 1.26 23.3 126. 318 92.8 < .28
B73 2222 2228 070484 3.463 3.57 1.82 40.3 184. 601 140. 507
B74 2250 2256 070484 3.é8 3.76 1.49 29.3 12, .633 87.7 < .56
B75 2322 2326 070484 3.81 3.72 1.40 25.3 13, 499 B5.4 .982
B76 2350 2354 070484 3.48 3.70 1.35 26.8 121, 2306 99.4 .338
B77 0027 0033 070584 13.92 3.97 . 468 8.57 20.1 A1 39.7 -3507
B78 0112 0116 070584 4.23 4.20 < .48 5.79 43.1 .285 33.8 % .32
B79 0140 0143 070584 4.00 3.98 .982 8.87 77.3 .358 61.2 .582
B8O 0207 0212 070584 3.74 3.72 971 13.5 124, .358 3.4 < .64
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WHITEFACE CLOYD WATER

SHP # START  END BATE  pH-F pH-L Cl NO3 S04 Na NH4 K HE03 HCHD H202

B84 0645 0655 070584 3.40 3.34  9.08 168.8 354, 2.08 428. 2.60

B87 0911 0915 071184 3.25 3.26 10.5 169, 317, 3.35 232. 3.02

B8g 0948 0930 071184 3.80 2,30 37.4 101. 1.14 80.2 < .31

B89 1012 1015 071184 3.42 6.54 102. 208, 1.78 157. 637

B90 1040 1043 071184 3.47 3.44 5.80 95.8 193, 2.36 140. .892

B9 1300 1303 071184 3.53 3.59 4.18 59.9 150. 1.27 92.5 .318

BY92 1340 1346 071184 3.56 1.5¢ 3.29 48.9 145, 1.27 935.1 < .3 .70857
B?3 1421 1425 071184 4,07 4.1 209 8.10 441 .287 29.7 1.78 .30285
B94 1457 1500 071184 3.81 3.87 1.3 25.0 88.1 .861 80.4 < . .48
B95 1523 1526 071184 3.72 3.75 1.99 41.8 105. 1.34 1.1 < .3 . 70857
B9 1351 13595 071184 3.48 3.70 2,47 51.3 123. 1.39 104, 444 62857
B97 1832 1835 071184 3.43 3.727 4.43 53.7 107, .738 83.1 < .34 . 6051
B9§ 1902 1904 071184 3,43 1.66 8.52 90.0 143, 1.79 106, < .34 46857
B99 1932 1938 071184 3.54 3.60 7.53 79.8 133. .993 107. . 347 .42285
B100 2003 2007 071184 3.73 3.77 3.83 49.2 86.2 «657 73,6 £ .35 .48571
B101 2103 2114 071184 4.43 4.50 < .24 6.96 15.¢9 31 19.4  { .35

B102 2148 2209 071184 4,48 4.64 .497 5.43 10.4 2726 0.1 .35 1.44
B103 2234 2319 071184 4,83
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WHITEFACE CLOUD WATER

HS03

<4651
41840
.45348
.44186
65114
«52325
.48837
.37209
-43023

.31395
.30232
.37209
.33720
.38372
.38372
1.2879
1.2322
1.2755
.B1142
.48571

.56
245714
.66285

.32198
»28483

39628
33434
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WHITEFACE CLOUD UATER

SHP % START  END DATE  pH-F pH-L 3} NO3 504 Na NH4 K HS03 HCHO H202

.50774

.38390

63157

.58823

.44582

50774
B167 2353 0024 080484 3.25 167, 456. 4.80 394, 2.61 2,8938
Bi68 0024 0102 080784 3.39 8.38 128. 298. 1.80 248. 1.26 3.3762
B15% 0103 0205 080784 3.45 8.74 136. 282, 1.87 209. 1.10 2.1221
B170 0204 0304 080784 3.44 6.92 101, 214, 1.48 153. 980 2.121
Bi171 0304 0332 080784 3.54 2.73 74.5 192, t.17 167. 940 2.0257
B172 0333 0402 080784 3.56 3.23 73.48 187. .586 158. 1.14 2.5080
B173 0404 0432 080784 3.74 2.23 4.7 121, 447 89.4 306 2.7009
B174 0434 0302 080784 3.38 7.82 123, 280. .895 213, 1.16 2.2773
B175 0504 0532 080784 3.37 7.81 129, 293. 831 223, 1.75 2.4632
B176 0534 0602 080784 3.40 7.16 114, 259. .853 192, 662 2.64N -
B177 0403 0805 080784 3.39 6.75 11, 278. .938 221. «506 2.8350 8
Bi78 0807 0842 080784 3.46 4.28 75.0 245, 1.04 196. 662 2.6956
B179 0844 1040 080784 3.37 2,87 50.8 288. .852 149, 752 2.8246
B180 1044 1322 080784 3.39 5.23 61.3 31e. 767 276. 1.50 4.6222
B181 1419 1353 080784 3.26 108. 449, 3.58 439, 2.5% 4.9432
B182 1405 174 080784 3.39 7241 392, 3.08 402, 1.80 3.3925
B183 1743 1852 080784 3.70 4.59 39.1 235, 1.53 330. 1.35 6.84691
B184 1854 1953 080784 1.92 4.53 55.8 156. 599 293. 1.04 8.1530
BI85 1955 2103 080784 3.72 4.93 44.1 218, 599 290. 962 7.6395
Bi186 2104 2202 080784 3.72 3.20 27.3 179. .532 201. .842 7.0617
B187 2204 2302 080784 3.74 2.55 32.7 128, -4 131. .681 7.9604
Bi188 1913 1955 080984 3.00 287. 592, 8.75 348. 5.41
B189 1956 2026 080984 3.07 254, 504. 6.12 238, 2.78 5.7142
B19¢ 2027 2049 080784 3.14 20, 418, 3.50 172. 1.54 - 6.2301 .
B191 2051 2117 080984 3.11 242, 447, 3.93 194, 1.54 4.3688
B192  21t¢ 2143 080984 3.13 233. 424, 3.3 240. 1.07 6.5079
B193 2144 2214 080984 3.17 192, 363, 2.92 207. 1.07 5.9523
B194 2218 2247 080984 3.20 194. 3435. 2.77 198. 714 6.1307
B195 2249 2317 080984 3.17 212, 357. 3.12 204. < 1.0 5.0443
Btes 2319 2349 080984 3.18 222, 339. 3.25 194, <.863 §.2450
B197 2351 0018 080984 3.22 220. 294. 3.03 164, < .90 5.8410
B198 0020 0047 0g1o84 3.19 239, 315. 3.40 159, < .82 §.3245
B199 0049 0118 081084 3.20 234, 304, 3.62 140. 758 5.8013
B200 0120 0147 081084 3.24 216, 292, 3.53 151. 910 5.8013




START
0149
0219
0249
0320
0348
0414
0444
0537
0544
0611
0815
0835
0940
1015
1043

END

0214
0244
0318
0347
0415
0445
0514
0543
0610
0810
0853
0937
1013
1041
1235

DATE
081084
081084
081084
081084
081084
081084
081084
081084
081084
081084
081084
081084
081084
081084
081084

pH-F

WHITEFACE CLOUD UATER

NO3 504

202, 300.
179. 284,
183. 301.
289. 418,
227, 380.
242, 394.
197, nz.
180. 292,
173. 294.
176, 309.
171. 308.
141, 282.
144, 289,
147, 289.
249, 478,

HCHO H2G2
5.7218
5.2847
5.0046
5.3245
4.5547
46476
5.2054
4.6476
5.2054
4.7871
3.1124
5.3448
4.0079
5.3948
4.4841




WHITEFACE CLOUD UATER

SHP # START  END DATE  pH-F pH-L Ci NO3 504 Na NH4 K HS03 HCHO H202
C127 1259 1333 072784 4.04 1.7 79.0 62.6 12.2 63.7 1.98
128 1334 1405 072784 4.06 4,27 38.2 5t.2 3.47 53.8 410
C129 1407 1435 072784 3.98 3.17 61.7 57.8 1.19 55.0 .473
C130 1436 1505 072784 3.86 3.7¢ 75.2 67.5 1.53 63.5 094
€131 1508 1536 072784 3.83 4.60 88.3 70.4 1.74 68.1 <331
132 1537 1805 072784 3.77 21 83.4 76.8 1.44 39.4 405
C133 1823 1855 072784 3.70 14.2 83.0 ?3.9 1.2 47.6 < .33
C134 1856 1922 072784 3.78 2.43 63.3 1.3 935 39.0 < .33
Ct35 1927 2007 072784 3.75 2.3 73.7 76.7 795 34.8 337
€136 2305 0611 072784 3.2 204. 278. 2.29

C138 0656 0734 072884
Ct139 0739 0808 072884
C140 0809 0845 072884

3.7 3.80 94.3 45%.8 3.45 50.0 375
3.9
3.7
Cl41 0844 0920 072884 3.7
3.7
3.2
3.2

7

0 2.45 79.7 48.2 2.28 39.4 .520

1 3.80 135, 77.4 2.3% 73.1 032

0 3.29 123. 75.7 1.97 74.5 364
Claz 0920 1000 072884 4
Cl43 1346 1418 080184 1
Ciaa 1419 1546 080184 6

3.03 114, 81.8 1.88 78.5 .468
171, 493, 4.56 474, 2.43
184, 454, 3.47 448. 1.14

Claé 1548 1612 080184 3.26 143. 381, 2,23 356, 1.14

C147 14613 1757 080184 3.46 5.92 88, 243. 881 230. .451 3.9549

Ci48 1759 1820 080184 3.83 1.25 28.5 118, .473 113, 1.02 4.6302

C149 1825 1854 080184 3.93 .353 13.3 93.4 .322 85.1 4.5 3.7876

€150 1900 1930 080184 3.94 353 16.4 93.3 32 1.6 410 3.7234
77170

€152 2005 2032 080184 4.02 2223 9.87 n.? 4.28 90.6 3.28 3.5950

€153 2035 2110 080184 3.75 670 17.5 119, .257 56.5 416 3.3382

Ci154 2113 2154 080184 3.76 418 20.0 116, 220 80.9 €5 3.0615

C155 2157 231 080184 3.47 764 26.3 182, 216 64.8 729 2.8428

C156 2235 o119 080184 3.44 1.80 37.0 209.

Ci57 0120 0154 080284 3.7 .927 24.4 131, .277 84.2 .683 3.1708

158 0156 0234 080284 3.77 1.10 23.4 1t. 386 7.8 33

€159 0234 0305 080284 3.65 2.59 54.3 133, -438 103. .630

€160 0307 0336 080284 3.1 1.81 39.3 120. 490 82.0 .225

Cl61 0338 0405 080284 3.69 2.35 46.0 126, 468 79.9 .379 3.8585

C162 0407 0434 080284 3.4 3.6 65.7 140. .632 92.9 .427 3.7175

C163 0437 0504 080284 3.55 4.07 75.9 155, 772 114, 617 3.6628

Ci64 0505 0605 080284 3.48 90.8 205. 4.3735

C165 0407 0633 080284 3.60 2.36 43.1 152, 2462 103, 1.04

C16s 0634 0820 080284 3.47 79.6 228, 1.40 175. 1.18 4,1479
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UHITEFACE CLOUD WATER

START  END DATE  pH-F €1 NO3 504 HS03 HCHO H202
1210 1255 072784 15.2 213. 49.7

1255 1330 072784 19.3 284, 70.2

1330 1403 072784 12.9 201. 60.5

1403 1433 072784 B.56 158. 56.6

1433 1504 072784 §.73 155. 63.4

1504 1533 072784 7.50 152, £8.5

1533 1819 072784 9.49 154. 86.4

1819 1921 072784 5.51 112, 88.0

121 2005 072784 4.44 101, 89.9

Lo
.

~
o

2303 0619 072784
0619 0454 072884
0654 0726 072884
6726 0804 072884
0806 0845 072884
0845 0920 072884
0920 1000 072884
1346 1416 080184
1416 1516 080184
1516 1545 080184
1545 1610 080184
1610 1759 080184
1759 1831 080184
1831 1858 080184
1900 1938 030184
1938 2004 080184
2004 2029 080184
2029 2106 080184
2106 2150 080184
2150 2231 080184
2231 o114 080184
o114 0153 080284
0153 0229 080284
0229 0303 080284
0303 0334 080284
0334 0403 080284
0403 0434 080284
0434 0503 080284
0503 0504 080284
acne peTt pRQIRY

.1 154, 178.
5 99.6 88.7
9 96.4 71.2
4 93.9 59.3
8 113, 1.9
9
7

133, 82.7
129, 83.7
398. 8o3.
223. 597.
176, 443,
146, 435.
123, 349,
40.0 152.
18.7 107,
17.1 102.
12.1 80,7
7.85 77.6
13.2 103.
20.3 128,
20.1 119.
35.1 214,
28.9 1591,
26.0 136.
37.2 132.
4.4 132.
41.3 124,
36.1 99.1
62,0 143,
81.2 191,
56.6 144

G G Gl Cod Cod BN G Kl O End G Do G
» .
O K0 ~0© 0N GRS DO N O

e OO 0D N e O

BN DAOCO U D~ = 00~ DRSS AN OGO RGN U 05

Tl Kl CoF Tod God Gl Cad Kad Cod Kod G Cad G Gl e G Gl




GNP # START  END DATE

080984
080984
080984
080984
080984
080984
080984
080984
080984
080984
081084
081084
081084
081084
081084
081084
081084
_A81084

ARSI O R R R s B s ot ot DO O

N Cd Eed Ol G G G B e Gl G G G S K O O B
MO AT W= OWNDO CLdNN O =

n.
304.
273.
254,
235,
199,
192.
198.
207.
210.
218.
224,
17,
200,
178.
178,
199.

08,

UHITEFACE CLOUD WATER
S04

758.
639.
539,
447,
425.
382,
357,
345,
340.
305,
295.
300.
288.
284,
273,
284,
325.

T70

.
AP Gl D b U e~ e YD O D Fg
oouo—mumaomum»oasa-

oW

G Cl e Ol e G LA b b LB O A OO O

NH4

473.
341,
267.
200.
249,
219.
201.
197.
189.
171,
163,
158,
149.
147.
137.
135.
158,
192,

3.86
3.09
3.71
1.70
1.22
1.38
1.1
1.02

< .B6

1.29
1.33
1.51
1.3
1.51

{1.21
<1.40
<1.29
<1.79

HCHO

3.3174
3.8333
6.3095
6.4285

4.3888
6.9047
5.4834
5.5231
6.2384
6.5960
6.5960
4.7152
6.9536
4.3178
5.7218
5.6423

-
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VHITEFACE CLOUD UATER

SHP # START  END DATE  pH-F c1 NO3 §04 HCHO H202
D206 0413 0443 081084 230. 38t. 4.9265
0207 0443 0514 081084 201, 329. 5.6701
D208 0514 0539 081084 148, 277. * 5.5772
D209 0539 0408 081084 178. 293. 5.9772
D210 06408 0815 081084 145, 257. 5.1124
B211 0815 0833 081084 192. 339. 5.8094
D212 0853 0937 081084 1463, 309. 4.8809
D213 0937 1013 081084 153, 301. 5.3571
D214 1013 1041 081084 1463, 323. 5.9523
D215 1041 081084 194. 384, 6.2301
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APPENDIX I

Daily weather readings from the summit of Whiteface,
summer 1984.




STATE UNIVERSITY OF NEW YORK
ATMOSPHERIC SCIENCES RESEARCH CENTER

DATA SHEET; HOURLY RECORIS
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