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ABSTRACT 

Atmospheric inputs into three lake watersheds within a 30 ~~ radius of each other ;n 
the Adirondack Park region of New York State were quantified for the period May 1978-
August 1979. This was accomplished with a wet/dry precipitation neb/mrk which col
lected samples on an event basis. Rain and snow amounts were measured and samples 
were analyzed for pH~ conductivity, S04~ N03, Cl, NH4, Ca, Mg, K" and Na. Rain .. 
quantity and quality for the three watersheds was found to be similar, but in
dividual events \'JQuld show wide fluctuation across the network. About 50% of all 
rain event pH-values were below 4.2. For the summer of 1978 (June - August) dis
tinct sul fate and hydrogen peaks occurred. During the same period in 1979, con
centrations of these ions were only about one-half of those of the previous years. 
Ratios of S04/N03 ltJhich were »1 during the summermonths~ decreased to values well 
below 1 for the winter months. Wet precipitation falling through the forest:canopy 
was shown to be extensively modified in chemical composition. Dry deposition made 
a significant contribution to the total atmospheric loading to these basins. 
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SUMMARY 

Acid rain is recognized as a problem of national and international dimensions. 
Since the first reports several decades ago our understanding of acid rain chemistry 
has increased substantially. Characterization of long term effects and source
effects relationship-scontinues as areas of inquiry that require increased attention 
in order to detail and quantify the sequences involved. l~et and dry deposition of 
chem; ca 1 species from the atmosphere may be at the end of a compl ex series of trans
formationsand~ indeed~ these processes are characterized as atmospheric removal 
processes. This in turn, however, marks the beginning of another chain of events 

~, 

whereby these same inputs into a receptor such as a watershed trigger changes with-
in underlying ecosystems and which may cause extensive transformations during trans
port through such systems. Such changes can occur in the forest canopies, the lit
ter zones and soils. the ground water and lake tributaries~ and, finally, the lake 
i tsel f. 

The study reported here is part of an Integrated Lake Uatershed Acidification Study 

(IUJAS) \fJhich has as one of its major objectives the development of chemical or 
ionic species and water mass balances through three lake watersheds. Chosen for 
the study were three lake watersheds in the central Adirondack Mountains region 
of New York State. The \f,aters of these 1 akes are characterized as ad di c (~voods 
Lake). neutral (Panther Lake) and circumneutral (Sagamore Lake). The major objec
tive of the $tudy reported herein~ therefore, was the quantification of atmospheric 
inputs into these watersheds. More specifically, the following goals were identified: 

1. To monitor - on an event basis - the amount and chemical nature of sub
stances deposited by precipitation (rain and snow) in three watersheds in 
the Adirondacks. 
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2. To identify temporal and spatial trends in acidic deposition to the 
watersheds. 

3. To monitor dry deposition. 

4. To provide quantitative input into the ecological effects studies, which 
are part of IUJAS. 

A further objective was the documentation of thedetai1s of network operation and 
maintenance in a re~ote region. 

While the regional aspects of the acid rain problem are wen known from a monitor
ing point of view, the nature of the response of small regions such as individual 
\'Iatersheds can only be quantified if the atmospheric inputs are accurately known. 
It was important, therefcire, in this study to document the quantities of major and 

minor ions. The study region receives one of the highestannua1inpu"t~ of rain 
and snow an~vhere in the northeastern United States and it was important to as
certain, therefore, whether or not there were significant differences in chemical 
inputs between the three watersheds. Since the watersheds in this study are all 
within a radius of about 30 Km of each other, and the terrain between them is 

mountainous, the local climatology, though dominated by large scale systems, may 
differ between the three watersheds on an individual event basis. 

Therefore, this study was based on precipitation event sampling. Event sampling 
(defined as precipitation collected every 24 hours unless a storm is in progress) 
provides sufficient detail in sample collection and measurement to enable data 
integration on a monthly and seasonal basis and it insures such measurements within 
a short time after collection. On average a wet deposition (rain or snow) event 
occurs in the study region every 3-4 days. 

Samples of the snowpack were taken as cores on a periodic basis. There is reason 
to bel ieve that the' snow,. as it accumulates on the ground~ \vill be an integrator 
of atmospheric inputs to the watershed. The storage of ions in the snowpack \'/ould 
also represent the potential for a snort-term and possible significant input of 

chemicals to the lakes. 
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Another intriguing question is whether or not dry deposition (deposit of materials 
when there is no precipitation) contributes significant quantities of major and 

minor chemical species to the watersheds. Accurate assessment and measurement of 
dry deposition is at best difficult, since the sampling methodology has not reached 

a comprehensive stage of development. Chemical species which are deposited dry in
variably become part of the total burden of these watersheds and must appear in 
any mass balance. In addition to particulates~ the other major contributions may 
be from gases such as sulfur dioxide and nitrogen oxides. Such contributions can 
be quantified from models~ surveys and calculations, but the relative contributions 
of these gases to the measured dry bucket contents cannot be ascertained. No single 
sampler can account for the totality of dry atmospheric inputs. The complexities 

of these mechanisms are such that in the study reported here the estimate of dry 
loading was to be based essentially on atmospheric inputs obtained from collectors 
in the open. These collectors were dry buckets (i.e., open buckets not exposed to 
rain) and were essetially the only means whereby fie1d data for dry deposition were 
obtained under this study. The task is complicated further by the essentially un

knovm scavenging efficiencies of collectors in the open. vis-a-vis, the forest 
canopy. 

It has been established that precipitation chemical quality can be altered drastical

ly by forest covers. However. these changes are not undirectional.i .e .• pH may 
increase in one case and decrease in another. Such variability is largely due to a 
paucity of existent data. Since the watersheds under study here are essentially 100% 

forested with both deciduous and coniferous species) the relationship of chemical 
quality of wet deposition in the open and that under the canopy, as a function of 

the season of the year, is a key parameter for future use of the data in effects 
studies. So-called throughfall from the top of the canopy to the forest floor can 
be altered by several processes. Quantities reaching the forest floor will result 
from direct precipitation through the canopy~ runoff from the leaves!' and stemflm'l. 
vJhen thi sis occurring, material deposited dry on 1 eaf and other surfaces Itli 11 be 
leached. Biological activities of different tree species will vary with the seasons 

and differences in type and density of forest covers. An of these factors would 
contribute to large fluctuations in ion concentration of the precipitation col1ect-
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ed below the canopy. Throughfal1 collection \",as not an initial task of this study 
but was instituted during the course of the study in recognition of the need to 
begin to quantify these processes. 

In summary, this study intended to quantify atmospheric inputs into three separate 
watersheds, on an event basis. Emphasis was on collection of wet precipitation, but 
the importance of throughfall ~ dry deposition, and ion storage in the snoltlpack was 
recognized. 

A review of the results shows that the three watersheds receive similar inputs of 
ions measured in this study. However~ the question is: what does one mean by 
similarity? The precipitation data suggests that the Sagamore Lake watershed re
ceived less rain (and snow) than the other two basins. In fact~ the comparison 
between the two Sagamore Lake sites indi cates· the possibi1 Hy of anintrabasin 
orographic effect. Snow cover in the Sagamore basin also had the least depth. On 
average~ over the study period, the inputs \'Iere perhaps 20% belovl those of the 
other basins and in this sense there exists an orographic effect. However, the 
reader should be reminded that the Sagamore basin is by far the largest of the 
three and contains the largest change in altitude also. When concentrations are 
multiplied by centimeters of rain per unit time, loadings result and ion loadings 

to the Sagamore basin are the lowest (by 20%). It is not known at present, of 
course~ whether or not this represents a long term cumulative trend~ that could 
playa role in effects studies. It does indicate that one ah/ays has to keep the 
distinction between loadings and concentration. 

In the summer of 1978 distinct sulfate and hydrogen peaks were observed. The re
lative concentrations of these ions versus nitrate, ammonium, and calcium lead to 
the conclusion that these summer rain~ were dominated by sulfuric acid. However, 
for the summer of 1979, the pattern is less clear the inputs, except for the single 
event at the end of June, were not dominated by sulfuric acid, although it would 
still be one of the major species. During the winter, the sharp decline in the S04' 
N03-ratio to a point where this ratio was less than one, signals the relative 

importance of nitric acid. Collectively, the results suggested differences in 
scavenging efficiencies between rain and snown, an observation of potential impor-
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tance for the understanding of scavenging.processes in terms of the nature of the 
pollutants (particulate sulfate, gaseous nitrate) as we.ll as snow pack storage and 
release. 

With respect to canopy effects there is no question that both volume and composition 
of rain were affected. Thus, volume of precipitation collected under a Hemlock 
stand was 30 to 50 percent lower than in the open. The amount of precipitation 
varied with the intensity of precipitation and time of year. Preliminary observa
tions indicate that the chemistry of the inddent precfpitatton was altered 
dramatically, e.g., calcium ion concentration in throughfall was enriched up to 
600 percent. Throughfall chemistry shows a seasonal trend, e.g., there was a 
dramatic increase in chloride concentration during the summer (as much as 1900 
percent) while during the w"inter the increase was modest (as much as 200 percent). 
Generally ionic .loadings follow the trend of ionic concentrations. The modifica
tion of rain by the forest canopy therefore becomes a major aspect that requires 
future detailed consideration for forested watersheds and ecosystems if long term 
effects are to be quantified. 
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Section 1 

OVERVIEW AND STUDY OBJECTIVES 

Acid rain is recognized as a problem of national and international dimensions. 
Since the first reports several decades ago our understanding of acid rain chemistry 

has increased substantially. Characterization of long term effects and source

effects relationships continue as areas of inquiry that require increased attention 
o. 

in order to detail and quantify the sequences involved. Wet and dry deposition of 
chemical species from the atmosphere may be at the end of a complex series of trans
formations and, indeed, these processes are characterized as atmospheric removal 
processes. This in turn, however; marks the beginning of another chain of events 
whereby these same inputs into a receptor such as a watershed trigger changes 

within underlying ecosystems which may cause extensive transformations during 
transport through such systems. Such changes can occur in the forest canopies, 
the litter zones and soils, the ground water and lake tributaries, and, finally. 
the lake itself. One approach whereby such changes can be quantified consists of 
mass balances of the major chemical species. 

The study reported here is part of an, Integrated Lake Watershed Acidification Study 
(ILWAS) which has as one of its major objectives the development of chemical or 
ionic species ,and water mass balances through three lake watersheds. Chosen for 
the study were three lake watersheds in the central Adirondack Mountains region 
of New York State. The waters of these lakes are .characterized as acidic (Woods 
Lake, alkalinity - 20 uequ/l), neutral (Panther Lake, alkalinity - 160 uequ/l} 
and circumneutral (Sagamore 
of the study reported here, 

puts into these watersheds. 

Lake, alkalinity -40 uequ/l). The major objective 
therefore, was the quantification of atmospheric in-

More specifically ~ the following goals were identified: . 
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1. To monitor - on an event basis - the amount and chemical nature of sub
stances deposited by precipitation (rain and snow) in three watersheds 
in the Adirondacks. 

2. To identify temporal and spatial trends in acidic deposition to the 
watersheds. 

3. To monitor dry deposition. 

4. To proVide quantitative input into other ecological effects studies. 

5. To correlate variations of aci'dic deposltionwith meteorological factors. 

6. To estimate, by examination of storm and airmass trajectori'es, the 
relative contributions of various source regions. 

A further objective was the documentation of th,e detail s of network operati~on and 
maintenance in a remote region. 

To guide the initiation and execution of such antnvestigation, it was useful to 
adVance a number of hypotheses; hypotheses represent a framework for cri,ti,cal data 
review and modifications in experimental design., A number of hypotheses were put 
forth for this study: 

1. Three watersheds recei've si,mil ar atmospheric inputs Qfmajor and mi,nor 
ions that constitute precipitation composition, 

2. They recei ve the same quantity of precipitati on (nltn ~ snow}? i.! e!, there 
are no orographic effects. 

3.' ~Jet precipitation inputs are domi:nated by sulfuri:cqci;d. 

4. The ;oni.c compos;ti'on of snow di,ffers signif;,cantly from that of winter 
rains. . ' 

5. For any given event there may be considerable variability across the 
network. 

6. There are no local pollution sources that make significant contributions. 

7. Dry deposition of acids and/or acid-producing ions represents a signifi
cant part of the total atmospheric load into each basin. 

B. loadings in dry buckets are representative of dry deposition loadings. 
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9. Forest canopies alter the chemical composition of rain markedly with 
respect to one or more major ions. 

10. The three watersheds are dominated by forest cover; rain collected tn 
the open may not be representative of rain modified by canopy processes 
and therefore material that reaches the forest floor. 

While the regional aspects of the acid rain problem are well known from a monitorinq 
point of view (1,£ ), the nature of the response of small regions such as indivldual 
watersheds can only be quantified if the atmospheric inputs are accurately known. 
It was important, therefore, in this study to document the quantities of major and 

minor ions. Based on previous studies (l~£) major ions included H, Ca. NH4, S04' 
and N03, and minor ions i~cluded Mg, Na, K, Total P, Al, and Cl. Since the lakes 

chosen for this investigation were characterized by different alkalinities, it was 
" 

important to ascertain the amounts of these ions that each watershed received. 

Hypotheses 1 and 2 are coupled in the sense that, although inputs may be similar 
(or identical) in terms of ion concentrations, fluxes may differ on a seasonal 

or cumulative basis. The study region receives one of the highest annual inputs 

of rain and snow anywhere in the northeastern United States (~) and. it was impor

tant to ascertain, therefore, whether there were significant differences between 
the three watersheds or not. 

This study was based on rain event sampling. Event sampl ing (defined as precipita
tion collected every 24 hours unless a storm is in progress] is a suitable compromi,se 
for the type of long term investigation reported here: it provides sufficient 

detail in sample collection and measurement to enable data integration ~n a monthly 
and seasonal basis, and it insures such measurements within a short time after 
collection; it does avoid extensive sample handling and analysis problems that 

would arise from sequential sampling. 

Hypothesis 3 is perhaps only a statement based on state-of-the-art knowledge of 

the composition of acid rain (l,i); however~ these same authors have also presented 
evidence that·~he contribution of nitrate appears to be on the rise on an annual 
basis. It was particularly important therefore for this investigation to docu

ment the sulfate/nitrate ratio in all atmospheric inputs as a function of the 
season. As has been indicated already above, the study region receives heavy 

1-3 



snow falls during the winter season; however, thaws can also occur and are 

frequently followed by extensive rainfall. The nature of the ionic composition of 

snow vs. winter rain potentially can provide clues on atmospheric scavenging 
mechanisms. Further, the distinction may be important in the understanding of the 
behavior of ions within the snow pack; winter rains and thaws are usually followed 
by below-freezing temperatures. The choice of event sampling was of paramount 
significance from this viewpoint: in the future, it should be possible to corre
late the chemistry data with rain and snow storm type. Hypothesis 4 implicitly 
recognizes the evidence that nitrate may be present in the atmosphere predominantly 
in gaseous form (~,~) as opposed to sulfate and since mass transfer occurs via 

convective diffusion snow would offer a far larger surface area per volume of 
water than rain. 

The watersheds in thjs study are all within a radius of about 30 Km of each other. 
However, the terrain between them is mountainous and the local climatology, though 
dominated by large scale systems, may differ between the three watersheds on an 
individual event basis. Variability as used in hypothesis 5 refers to both ionic 
composition and rainfall quantity; such variability may, of course, be affected 
by local effects and sample location. 

No large local pollution sources were identified in the study region that could 
a priori be presumed to provide significant inputs of the chemical species measured 
nor into calculated (subsequently) ion loadings. Such a qualitative review served 
as a basi s for hypothesi s 6. Thi s does not excl ude the poss i bi 1 Hy, of course, 
that any given event or that a particular site for a given event(s} received wet 
or dry inputs that were affected by a local occurrence. The question of vari
ability between sites addressed in hypothesis 5 relates to this hypothesis. In 
relation to specific sites chosen (cf. Section 2) disturbances such as local 
traffic and vicinity to dwellings and combustion pollutants emitted from them could 

be identified.qualitatively. 

On average a wet deposition (rain or snow) event occurs in the study region every 
3-4 days. The hypothesis (7) that dry deposition contributes significant quantities 
of major and minor chemical species has not been tested adequately. Accurate 

1-4 



assessment and measurement of dry deposition is at best difficult, since the 

methodology has not reached a comprehensive stage of development. Species which 
are deposited dry invariably become part of the total burden of these watersheds 
and must appear in any mass balance. No single sampler can account for the 
totality of dry atmospheric inputs. The task is complicated further by the 
essentially unknown scavenging efficiencies of collectors in the open visavis 
the forest canopy. The complexities of these mechanisms are such that in the 
study reported here the estimate of dry loading was to be based essentially on 
atmOSPheric inputs obtained from collectors in the open. These collectors were 
dry buckets (i.e .• open buckets not exposed to rain) and were essentially the 

·only means whereby field data for dry deposition were obtained under this study, 
The hypothesis (8) that loadings in dry duckets are representative of dry deposi

tion implies that other contributions are negligible. Other contributions would 
arise from submicron particles and ad~orption and absorption of gases. Sulfate 
particles are predominantly submicron in size (I~~} but the relative capture 
efficiency of such particles in clean empty buckets vs. buckets that have been 
open for several days and have collected settleable particles is Dnknown. The 
other major contributions may be from gases such as sulfur dioxide and nitrogen 
oxi~es. Such contributions can be quantified from models, surveys and calculations 
(~, ~~.l])~ but the relative contributions of these gases to the measured dry 

bucket contents cannot be ascertained. 

Hypotheses 9 and 10 should be considered together and address the variation tn a 
centra 1 core of parameters that may in fact dominate the processes wHhin the 

watersheds. It has been established (£, g) that precipitation chemical quality 
can be altered drastically by forest covers. However, these changes are not 

unidirectional, i.e. ~ pH may increase in one case and decrease in another. Such 
variability is largely due to a paucity of data. Since the watersheds under 
study here are essentially 100% forested v/ith both deciduous and coniferous 
species the relationship of chemical quality of wet deposition in the open and 
that under the canopy as a function of the season of the year is a key parameter 
for future use of the data in effects studies. Socalled thrufall from the top 
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of the canopy to the fares t floor can be altered by several processes. Quant it i es 

reaching the forest floor will result from direct precipitation through the 

canopy, runoff from the leaves, and stemflow. When this is occurring material de

posited dry on leaf and other surfaces will be leached. Biological activities 

of different tree species will vary with the seasons and differences in type and 

density of forest covers. All of these factors would contribute to large fluctua

tions in ion concentration of the precipitation collected below the canopy. Thrufall 

collection was not an initial task of this study but was instituted during the 

course of the study in recognition of the need to begin to quantify these processes. 

In summary, this study intended to quanti'fy atmospneric inputs into three separate 

watersheds on an event basis. Emphasis was on co 11 ecHon of wet precipitation, 

but the importance of thrufall, dry deposition, and ion storage in the snowpack 

was recognized. 

The study was dividedint~ specific tasks (Appendix A-l). In discussion with the 

sponsor dur;ng the course of the study it was deemed appropriate to modify some of 

the original goals whereby Items 5 and 6 (above) were deleted, and Jhe several 

changes were made to the Objectives 1, 2, and 3 (above). These include: deletion 

of collection of dry particle fallout at all sites except the Woods Lake Station. 

WLW; a bulk collector for total wet and dry deposition was added; a thrufall bulk 

collector was installed under a mixed stand of trees on an experimental basis; 

(Samples were to be collected weekly during the snow season and collected on the 

same schedule as the wet-only collector during other times); and a hi-vol sampler 

for total suspended particulate collection and water soluble chemical analysis 

(including sulfate and nitrate) was to be installed and operated for 24-hour col

lection peri6ds at one site. 
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Section 2 

DESCRIPTION OF NETWORK 

T~e three lake watersheds studied~ Panther, Woods and Sagamore, are all located 
within a 15 km radius of the town of Eagle Bay, New York. The watersheds were 
initally characterized by Peters (l) and locations and most'important physical 
features are' shown in Tables 2-,1 c~and 2;..2 .. ' All three watershed are densely forested 
and are of comparable elevation. However, the three lakes have substantially 
different pH and alkalinity values. Panther lake 1s a neutral pH lake with an 
alkalinity of approximately 160 1-1 eq/1. VIoods Lake is very acidic and has an 
a 1 ka 1 inity of approximately 20 1-1 eq/l. , Sagamore Lake is a circumneutra 1 lake 

, . 
with an alkalinity of approximately 401-1 eq/l. 

The Woods and Panther watersheds are very similar, other than 1 ake pH, in water
shed area and relief and in lake size and volume. Sagamore watershed, however, 
is much larger in area and has a larger relief. Sagamore Lake is also much 
larger in area and in volume than the other two. Maps of the three watersheds 
are shown in Appendix 

EQUIPMENT SELECTION AND DESCRIPTION 

Precipitation Collectors 

Precipitation samples for chemical analyses were collected using automatic 

sensing wet/dry precipitation collectors. These collectors 
are of the Atomic Energy Commission/Health and Safety laboratories design and 
are commercially available through Aerochem Metrics~ Miami, F1orida. This design 
was found to be the most reliab1e by Galloway,and Likens'(2) in,theircof11!Jarative 

study of automatic sampling equipment. In addition, the design proved to be 
capable of withstanding the severe winter conditions associated with the 

Adirondack Mountains. This design is currently being used by the MAP3S Network 



TABLE 2-1 

LRKES CHOSEN FOR STUDY 

Lake Outlet 

Lake Coordinates USGS Quadranq1e 

Sagamore 43°45'56 I1 N Raquette Lake 

74°37144"W 

Woods 43°51 157!'N Big Noose 

74°571201!H 

Panther 43°41 '05 11 N 01 d Forge 

74°55 I 08!lW 

TABLE 2-2 

CHARACTERISTICS OF PANTHER, SAGAr'lORE AND WOODS LAKE HATERSHEDS 

Watershed Area 

Lake Altitude 

Relief 

Forest Cover, % 

Lake: 

Area 

Volume 

~lean Depth. 

Maximum Depth 

Al kal inity 

pH t"1ean 
range 

Panther 

1.24 knl 

557.2 m 

174 m 

100 

0.18 km2 

7.09 x 105 m3 

3.9 m 

7.0 m 

160 ]Jeq{l 

7.0 

49.72 

2-2 

Sagamore t~oods 

49.65 km2 2.07 km 2 

580.3 m 606.6 m 

561 m 122 m 

97 100 

0.72 km2 0.23 km2 

5 75.4 x 10 m 3 5 3 8.13 x 10 m 

10.5 m 3.5 m 

23.0 m 12.0 m 

10 lleq(l -20 llcq(l 

5.5 4.6 

5.5-7.0 4.2-5.5 



(3) and the Na ti ana 1 Atmospheri c Deposit; on Program {4} . 

The automatic wet/dry precipitation co11ectors consist of a meta1 frame and 
housing for two collection buckets. A sliding cover equiped with a snow roof 
on top and a-ring underneath keeps the wetfall bucket tightly sealed until a 
heated moisture sensing electronic grid is activated by precipitation. Once· 
activated, 81 motor moves the roof uncovering the wetfall bucket and covers the 
dryfall bucket. When precipitation ceases the heater evaporates the water on 
the grid and reactivates the motor to again tightly seal the wetfall bucket and 
expose the dryfall bucket. Very low moisture snow will occasionally not P'rO

vide enough moisture to actiVate the grid and motor~ This snow will then be 
collected in the dry bucket and careful visual observattonis required when 

. the sample is collected to note thevolume for future load<ing calculations. 
There are several adjustments which can be made to the grid to minimize this 
problem. Two electrical adjustments can be made to change the grid voltage and 
the heater temperature. Specific adjustment procedures are included in the 

instructions provided by the manufacturer. 

The collection buckets are constructed of white polyethylene and are equipped 
with tightly fitting covers. The buckets are 28.6 cm in diameter and 24.8 cm 
deep \<Jith a slight taper from top to bottom; Buckets are prewashed \vith dilute 
sulfuric and nitric acid and rl'nsed with lowconductTvity deionized,. distilled 
water prior to use in the field. Failure to wash new buckets before placement in 

the field will give very high erroneous pH values for the first few samples 
collected. 

The collectors as supplied by the manufacturer will run on alternating or direct 
current. Alternating current (110 volts) has several advantages: 

1. Greater rel iabtl ity during intensive and prolonged cold weather 

2. More constant opening and closing cycl e time. However, power fail ures 
occur most frequently during intense surrrner electrical storms and 
during winter ice or freezing rai.n storms.·· powerfailures will generally 
mean a loss of part or all of the sample if the sample is collected on 
a weekly or monthly basis. Where storm event sampl ing or twenty-four 
hour sampling 1S employed generally no sample is lost since the precip
itation is collected in eitner the wet or tne dry bucket. The dry 
sample will then be a composite contai·ning part dry and part wet. 
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In remote areas where electric power ,is unavai.lable direct current operation using 

battery power ts requ;:red. Sealed 12 volt car oatteries are general1y more desir

able than unsealed batteries. Evaporation'from unsealed batteries can shorten 

the life of the battery, and possiole sulfuric acid fumes from the battery might 

contaminate the precipitation or dry deposition samples. 

During severe cold weather battery life and output are limited. With lower battery 

output cycle time increases thus causing more precipitation to be collected ;n the 

dry bucket. This problem can be solved by connecting two or more batteries in 

parallel and changing discha.rged batteries at a greater frequency. 

During the winter months occasionally the collectors freeze shut. Since evapora

tion and sublimation out of'the collector buckets is very small, the sealing 0-

ring is removed during the winter which greatly eliminates freeze up. 

The manufacturer now offers as an option an event recorder to indicate when the 

sampler is opening or closing. Generally this is hooked up to a time data logger 

or to continuously recording rain gauge. This option was unavailabl e when our 

collectors were ordered. Therefore, an event marker consisting of a pendulum 

switch mounted on the collector arm and a solenoid activated pen mounted on a 

standard rain gauge was installed on each collector. The pen 1eaves a horizontal 
trace at the top of the rain gauge cliart untll tlie solenoid is'activated oy the 

pendulum switch. The event marker is powered by t\'/o six volt batteries in series 

at stations which have line current, and directly by the twelve volt car batteries 

at stations operating on. direct current. 

The snow roof comes as an option from .the manufacturer and is highly recorrmended 

for precipitation collection in areas where snowfall accumulation is large. 

Other than these minor modifications and options no other changes have been made 

to the collectors after receiving them from the manufacturer. 

Standard RainGau~ 

Next to each precipitation collector on the square wooden platform a we.ighing 

bucket rain gauge was installed to obtain accurate precipitation data. The rain 

. gauge was mounted on' a small platform to raise the neight of the opening to the 
same height as the precipitation collector. Tlie standard weighing bucket design 
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which is widely used by the National Weather Service was picked over the tipping 
- .' .' 

bucket type for severa 1 reason s. The weigh ing bucket ra 1'n gauge can be eas i1 y 

winterized with antifreeze, and does not need a heat source as does the tipping 

bucket type. It also has a lower cost and a good record of accuracy and re-
1 iabil ity. 

The weigh"jng bucket ratn gauge gives detai'led t1me resolution of a precipitation 
event as well as amount of precipitation. ' The gauge consists of a bucket~ to ", 
hold the precipitation, a scale which weighs the input and moves a pen arm record
ing the total accumulation as a function of time. The opening to the bucket is 

20.3 cm in diameter. During thewinter~snowfalls through the opening and melts 
in the antifreeze which is in the bucket. During the summer the gauge is run . 
without antifreeze alidemptiedwhenever the charts are changed. 

The rain gauges and the precipitation collectors were lnstalledwithout wind
shields.Windshields are designed to eliminate updraft in the region of the 
openings thus placing the opening in a stagnant air flow situation: Windshields 
are very effective in large open areas formiriimiztng turbulence and eddies which 
effect the efficiency of the precipitation collectors and rain gauges. It was 
originally decided not to use man-made windshields in favor of using natural wind 
shields (trees); this is discussed further in the section (2-5)~ under equipment 
51 ting. 

The output of the rain gauge is recorded on a chart wrapped on an eight day hand 

wound clock. The charts are graduated into O~05 inches of preCipitation and can 
be read to the nearest 0.01 inches. 

The primary drawback of the weighing bucket rain gauge is the need to reduce the 
chart output. This was originally reduced by hand and charts read to give four 
hourt totals. After eight months of operation it was decided to read this data 
hourly. To accomplish this an X-V plotter was hooked up backwards with an exter
nal voltage supply to retrace the pentrace. The voltage output was then .inputted 

• to a minicomputor. 

A small ho1e was drilled in the base of the ratn gauge to.allow entrance of wires 
from the event marker switch to run to the solenoid-acti'vated pen installed within 
the rain gauge. Other than theinstal1ationoftne event marRer no modifications 
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were made to the rain ga,uges. The rain gauges were purchased from Science 

Assoc1ates, Princeton; New Jersey. 

rota 1 Fa 1 i Co 11 ec::~ors (a i so termed Bul k Co 11 ectors) 

During the project it was decided to experimentally collect a bulk or total fall 

sample. A white, polyethylene bucket of the same type used in the wet/dry col

lectors was mounted at the same height as the other collectors on the sampling 

platform. A Wong collector stand was originally used to hold the bucket, but was 

modified for other sampl ing platforms by taking a bucket and nail ing it to a 

wooden stand. The collector bucket was then placed inside the fixed bucket to 

collect the total sample. 

Throughfall Collectors' 

An experimental througnfall col1ector'was set up during the project to determine 

canopy effects on precipitation and to gatn insight into collection problems. A 

Wong collector stand was fitted with a standard collection bucket and placed on 

the ground under a stand of hemlock trees. This gave a collector opening approxi

mately one meter above ground level. 

Meteorological 'Equipment 

Meteorological information was monitored using electronic \'leather stations manu

factured by Climatronics Corporation, Bohemia, New York. Hlndspeed. wind direc

tion and ambient temperature were continuously recorded on a strip recorder. The 

'(leather stations were powered by two six volt lantern batteries in series or used 

line current with a small transformer. 

The IImet ll sensors were, placed on the top of a 3 meter pole. The pole was placed 

10 meters from the square wooden platform and wires were run from the sensors to 

the recording equipment on top of the platform. 

EQUIPMENT SITING 

Two wooden pl aJforms with precipi tation call ectors and wei ghing bucket rain gauges 

were built in each watershed. In addition one extra col1ector and rain gauge 

was set up near our fie1d 1aooratory in the town of Big Moose~ New York. This 

section discusses· equipment siUng in general) followed by a brief description of 

each actual site and any problems as'sociatedwHh each site. 
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Si te se 1 ection was based on four rna in crite.ria. 

1. Accessi6il ity for'daily sampl fng 

2. Meteorological Considerations 

3. Representativeness of one point measurements for the whole watershed 

4. Penmission of the owners of the property in question 

The three watershed in this study form the endpoints of a 1 arge tri angl e with each 
watershed being 20 to 30 kilometers apart. Since rain and snow samples were to 
be collected eve!"y twenty four hours, all sites had to be accessible in one day 
under all types of weather and road conditl~ons. In addition, batteries, samples 
and other equipment had to be hand carried into and out of each site from an en
trance road. These conditions made it nece~sary to pick sites in each watershed 
which were re1atively close to access roads. It was therefore unrealistic to 
pick sites more than approximately 1 km from the closest all season road. 
Criteria 4 is a1ways important for any longterm monitoring work. Two of three 
lakes in this study are on private property and the other laRe is on partially 
private and partially state owned land. Penmission of owners for sites on private 
land is of course mandatory. Collectors on private land must be attractive and 
neat and should be placed in locations which are unobtrusive. Care must be taken 
during access to insure no damage to road. or otner personal property. In general, 
private land owners are very cooperative and care must be taken to keep them in
formed of project progress and problems to insure good relations. 

Permits are usually required for State or Federally owned land and must be applied 
for well in advance of project start-up_ 

Criterea 2 and 3 are interrelated and fall into the general topic of instrument 
exposure. The primary concern ;s to take measurements at one or two points which 
will be representative of the entire area of study. It is also important to make 
sure that obstacles such as buildings, trees and shrubs do not influence the 
measurements. ' Thi s is especially true when making preci pitation measurements whi ch 
can be easily influenced by wind turbulence and local contaminants. 



The fo77owing are general siting ru1eswhich were us-ed to pick p1atf6rm site 

location~ in ~achBa~fn. 

1. Wind speed norma l1y increases wHh height, therefore the higher the 
collector opening i's aboveground the larger the errors due to wind. 

2. Placement of gauges with the opening parallel to the slope of the land 
should be used to collect incident precipHatl'on. 

3. Small clearings in relatively uniform forests, having a diameter equal· 
to the height of surrounding trees are best for decreasing turbulent 
effects ;n heavlly wooded watersheds. ' 

4. No obstructions should be nearer to the gauge than twice the height of 
the obstruction. . 

5. In large open areas,wind shields could be used to decrease turbulent 
effects. 

6. No overhanging objects are allowed, which can block precipitation or in
duce blow off. 

7. The angle from the gauge opening to the top of the nearest object shoul d 
generally be 1 esstnan 45°. . 

Criteria 3, 4 and 7 tend to contradict each other tean extent. Criteria number 

3 works well in heavily wooded watersheds, because accuracy gained by wind direc
tion is larger than the error caused oy interception. An excellent review of sit
ing~ variability and accuracy of rain gauge measurements was gtven by Corbett 
( i) .. 

Big Moose (BMA) 

The Big Moose collector, coded BMA in the data set, ~vas sited near our field 
laboratory in the town of Big Moose, New York. This station was originally set 
up as a backup station for Woods Lake, since this station was accessible at all 
times. The station was sited in an empty lot approximately 8 meters away from a 
house roughly 8 meter high. No other obstructions or overhangs "'Jere closer than 
15 m to the station. 

Big Moose station was probably sited too close to an obstacle and interception 
from the house was posslble'under certain wind conditions. The site was not well 
shielded from wind and t~e~efore probably should have been equipped with a wind 
shield. A windshield was not'installed on any of our collectors to remain con-
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sistent within our network and for comparison with other networks. 

A macadam road was located about 20 m from the s fte.Al though this road does not 

carry large amounts of traffic, road dust and dtrt probably influenced the dryfall 

data and total collection data slightly, but'prooably had little influence on the 

wetfall data. Overall the Big Moose s~ation had some minor siting flaws, which· 

were compensated for by ease of access, electric power and station reliability. 

Woods Lake West (WLW) . 

The Woods Lake West station ,coded hflW in the data set, was 1 ocated in a small 

cl earing on the south en.d of Woods Lake~ The cl earing was roughly oval in shape 

wi th a 1 ength of about 40 m and a width of about 30 m. The station was set up in 

the middle of the clearing away from any small trees. The surrounding trees are 

about 15 m ta 11. The cl earing is fairly' stagnant and the surrounding trees pro

vide a good barrier for wind turbulence.' The station is located about two tenths 

of a kilometer from a gravel access road and connected by a path through the woods. 

The Woods Lake West station is a very good sta tion in terms of siting. Hoods Lake 

watershed is small enough for prectpitation measurements to be representative of 

the watershed. However, elevation differences could influence total precipitation 

received in the watershed. This is especially true during the snow season, when 

turbulent effects have the largest influence. 

Perhaps the worst problem with any site in the Hoods Lake watershed is access dur

ing the beginning of winter and during the spring thaw. During thi s time the ac

cess road over Woods mountain is impossible by truck or snow mobile and samples 

and batteries (Woods Lake has no electric power) must be carried in about 2.5 km. 

During these times sampl ing frequency at Woods Lake \1est is changed from daily 

sampling to weekly sampling. 

Woods _Lake East(VILE} 

The Woods Lake, East Station~ coded WLE in the data set, was sited in a small level 

clearing on the eastern side of tioods Lake Mountain. The cleadngwas ro.ughly 

oval in shape with a length of about 40 meters and a width of ahout30 meters. 

The station was set up off center of the c1 ear-tng due to the presence of a cl uster 

of small trees and shruBs. The ciosest trees surroutldl'ng tile station are 8 to 15 

meters tall. The station is located about; 8 meters from a very sel dom1y used 
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dirt and gravel access road. 

The Woods Lake East Stati.on 1'5 10cated on the 1 ee side of Woods Lake Mounta in. 
Since this area is more shelteredproportton~lly less"p~ecipitation is received 
here than at Woods Lake West. Although the station was sited out of the water
shed it was originally set up to provide data when entry over Woods Lake Mountain 
was impossible. This station had no el~cth~c pmter, but was accessible by snow 

. mobile or truck during most of" the year. 

Sagamore Lake West . (SLW) 

The Sagamore Lake West Station~ coded SlW in the data set, was located on the side 
of a large clearing on the Southwest corner of s.agamore Lake near the Sagamore 
Conference Center, The sta ti on' is 15 meters away from' 12 to T 5 meter trees whi ch 
partially surround the station on one side. On the other side approximately 20 

meters away i's a small gravel parKing loL This is a slightly poo,r sampling sta
tion being relatively unsheltered from wind and turoulence and having the possibil
ity of slight dryfall sample contamination caused by the parking lot during certain 
times in the summer. The station has ~he major advantage of being ,easily acces
sible at all times throughout the year. Altnou~h this station runs on battery 
power, e 1 ectri ca 1 pow'er could be made a va i1 aD 1 e. 

Sagamore Lake East (SLE) 

The Sagamore Lake East Station. coded SLE in the data set was sited near the center 
of a very large open field on the Northwest side of Sagamore Lake. There are no 
trees or any objects anywhere close to the station. This site has no possible 

. contamination sources, but is completely unsheltered. The Sagamore Lake East 
station has one very large disadvantage. It is located on State owned land and 
no vehicles are allowed on this land. It was therefore necessary to walk about 
2 kilometers in to the station from the nearest private road to collect samples 
and change batteries. There was no possibility for electric power at this site. 

Little Moose Inner eLMO and Li'ttle MooseOuter"(LMO) 

Little Moose Inner~ coded LMI in the data set, and Ltttle. Moose Outer, coded LMO 
in the data set, were tnstalled as si'de- by sfde stattons' to sample'precipitation 
i.n the area of panther LaR.e~ At th.e time of tns'tallation~ it was- decided to 
operate two collectors placed within 3 meters of each other to check minimum ex-
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pected variab51ity. The stCltions, were,set upon LHt1e Moose Lake about 5 

kiJometers Northwest of Panther Lake. ,This site was picked for easy year round 

accessi'bnUy and availability of electrtc power~ The stte pkked was ~n one 

corner of a large rectangular, open cl eartng. The nearest trees were about 20 
meters away on one side. 'On an adjacentstde a small buildi'ng was located 20 

meters away. The other two sides faced tlie large clearing. 

The collector locations had several faults. A gravel road within about 50 meters 

of the stations provided the possibility of a sHght sample contamination in 

the summer months. Another fault of these stattons is the possibil i ty that one 

station might effect the other. This is one proDlem ofustng side by side 

collectors unless they are separated by distance of two to four station heights. 

As can be seen by the prece,d-ing sections pickfng a site is not an easy task and 

few collection sites' are perfect. The idea is to pick a site with the fewest 

faults which is representative of the area being sampled. A list of stations, 

equipment, samples taken, and installation dates are given in Table2-3! 
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T.ABLE 2,..3 

EQU I Pt,1ENT INSTALLATION 

Station Code Date Installed 

Big Moose SMA Coll ector February 1978 
Rain Gauge 

Woods Lake ~Jest t~u~ Col1 ector March 1978 
Rain Gauge 
Met Station 

Woods Lake East WLE Collector March 1978 
Rain Gauge 

Sagamore Lake West SU,1 'Coll ector March 1978 
Rain Gauge 

Sagamore Lake East SLE Collector May 1978 
Rain Gauge 

Li ttl e Moose, Inner LMI Coll ector March 1978 
Rain Gauge 
Net Station 

Little Moose, Outer LMO .Col1 ectol" r1arch 1978 
Ra in Gauge 
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Section 3 

OPERATION OF NETWORK 

The following is.~n outline of the duties of our field personnel. This section 
is divided into ',three main p'arts: sample collection, field lab analysis~ and 

equipment maintenance." ~Th'isfnfcY'mation is intended as an introduction for 

indiv'iduals It/ho ~re unfamiliar t'Jith the operation of a precipitation netv'lOrk. 

SAMPLE COLLECTION 

Frequency of Collection 

Wet, total and thrufall samples are collected on an event basis, using the rain 

gauge located at SMA as a guide in determining if an event has occurred. B~tll, is 

checked in the morning (@ 0300) and if 0.05 inches of rain has fallen since the 

last collection then a sufficient volume for chemical analysis has fallen on that 

day and should be collected. For snowfall, a collection is made if 0.10 inches 

of precipitation is recorded on the rain gauge (due to the lower collection ef-

ficiency for sno\'J of the Aerochem collectors). The \-Iet/dry mechanism is driven 

by two maintenance-free batteries (e.g. Delco Freedom) set up in parallel. If 

any precipitation is observed during the process o~ collection on the previous 

day it may be necessary to check the other stations even if BMA did not show a . 

sufficient sample. Thi~ is true since it was the first site ~ampled the,previous 

day. The collection of wet, total and thrufall takes at least four (4) to six 

(6) hours and.in certain instances.one is forced to \,,!eekly sampl ing 'due to road 

and 'weather conditions. The order of collection among the via,tersheds varies_ 

Dryfall is collected weekly a.nd the rain gauge charts are ch3n0ed on the same day. 
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Procedure for Dryfa 11 and Wetfa 11 Bucket Exchanges 

Samples are obtained by removing the buckets (one serves as wet, one as dry) in 

the col1ector and replacing them with clean buckets by the following procedure 

(any surface of the bucket or ·lid whichcomes.in cootact.\'lith the sample is never 

touched) : 

1. The sensor is activated to uncover the wetfall bucket; buckets are ex~ 

changed if there. is sufficient sample. The letter He" for· change is . 

placed under the event mark produced by opening the collector, a.lol19 with 

the date and time of collection. If there is insufficient sam!)le, a "t" 

is placed under the event mark (for test). 

2. A clean lid is placed on the bucket before removing it from the stand to 
avoid contamination by dirt or water when the handle is brought over the 
bucket. 

3. Sample buckets are labeled \'/ith a three letter st.=l.tion code, date, and 
type of sample (wet, dry, total, or thrufal1). Coded as vJ,D, T~ F. 

4. The recorded field notes include: station, type of sample, time, condi 
tion of sample, collector status, form of precipitation~ \~eather condi

. rions, and any additional information. comments, or obsel~vations, e.g. 
leaves or debris in the bucket. 

!2~.ilni!UL of Buckets at the Fiel d Lab 

All buckets are washed with laboratory detergent (Aquit) and rinsed t\vice with 

demineralized \t>!ater. After air drying or wiping dry with lab tissue the buckets 

are capped. 

Snow Cores 

Sno\'J cores are taken every bJO (2) weeks in the winter at each \'Jatershed. Three 

cores are taken in the open and three other cores are taken in the woods near 

each watershed. Full length cores·are taken with a 7.30 cm innerciameter. 152.40 

em long snow tube (manufactured by Henry J~ Green Instrur.lent Inc.'. The depth of 

each core is recorded and sets of three cores taken at each sampling location are 

compositecl in plastic sample buckets.andmeHed for analysis~ Plastic bags (Hefty 

or Glad) were used to collect snow cores during intensives. 
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Charts. Rain Gauge and Meteorolog1cal Egu1pment 

Rain gauge and met charts are marked with the time and date of beginning and end 
of operation. Met charts are chaged every four weeks ~"hereas the rain gauge charts . ~ 

are chaged weekly. 

FIELD LAB ANALYSIS 

Sample Processing 

Wet, total and thrufall are processed similarly. Sample processing is 

soon as possible upon returning to the field lab at Big Moose (BMA). 

take priority over dryfall samples (if both are collected on the same 

done as 

These samples 
day) . 

1. The volume of the sample is measured using a 2000 ml graduated cylinder 
(to the nearest + 10 ml). 

2. 5 ml of the sample is pipetted for the pH measurement and 10 ml for con
ductivity using either a 10 or 20 ml pipette. These pipettes are rinsed 
between uses with demineralized water. 

3. The pH meter is standardized with pH buffer solutitins (pH 4.0 and 7.0). 
The electrode is rinsed thoroughly with demineralized wat~r from a 
standard wash bottle, and blotted dry. The electrode is then immersed to 
a depth of 2-3 cm into demineralized water, and then blotted dry. Then 
the electrode is placed in a 5 ml aliquot of sample contained in a 8 ml 
plastic vial and allowed to equilibrate for three minutes. The tempera
ture dial on the meter is adjusted to match the temperature of the 
sample which is taken by a standard thermometer (and is wiped clean be
tween each sample). The pHis recorded to the nearest 0.01 unit and the 
aliquot is then discarded. (the pH meter is a Beckman Century SS, pH 
probe - Beckman 39502 Combination probe). 

4. The conductivity probe is rinsed with demineral ized water. The probe is 
then placed in a 10 ml aliquot of sample in a 20 ml beaker, with the 
conductivity read and recorded (microhms/cm). (Chemtrix type 70 con
ductivity meter, conductivity probe). 

5. Up to 1000 ml (if available) of suspended sample is then filtered through 
a 0.4 um average pore size membrane filter (Nucleopore polycarbonate 
filters). The remainder of the sample is discarded. The filters used 
are stored in petri dishes and refrigerated. The filtrate is stored in 
cleaned 500 ml plastic bottles and refrigerated. The samples stored are 
labeled with the three letter station code, date, '\/1 for wetfall, and 
"S" for soluble or ':i" for the insoluble portion of the sample. No 
perservatives are added to any of the samples. 
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Dryfall Sample Processing 

A volume measurement is taken from the dryfall buckets if there"is visible wet
fall in the bucket due to precipitation that is insufficient to activate the 
sensor. 

1. Five hundred milliliters of demineralized water is used to extract dry
fall samples. Approximately 250 ml of "later is added to the dryfall 
bucket by pouring it down the sides of the bucket. The bucket is then" 
scraped with a rubber spatula to dislodge remaininQ particles. The 
contents of the bucket are then empti ed onto the membrane" fi 1 ter, wi th 
the remainder of the demineralized water being used to rinse the bucket 
again before also being filtered. 

2. As before, the oetri di shes are used to store the fil ters. and the 
plastic bottles' are used to store the filtrate. Both are refrigerated. 
These samples are also labeled with "d ll for dryfall, and !lsI! for soluble 
or lIi" for insoluble. 

3. The pH and conductivity of the demineralized water used to rinse the 
buckets are recorded on a weekly basis (for every set of dryfall samples). 

Snow Cores 

Snow cores are melted in plastic sampling buckets, volume is measured to determine 
water equivalents. The sample is subsequently processed in the same manner as wet
fall samples. 

Field Log 

The field notes are recorded in a logbook with two (2) copies being made. The 
following information is reported: 

1. Date 

2. Time at start of work at station 

3. Actions and Observations 

a. samples collected 

b. visual condition of sample (e.g. frozen, dirty, bugs) 

c. collector status (closed unless specified as open) 

d. form of precipitation 

e. weather conditions 
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f. maintenance performed at station 

Field Lab Log 

This log is of work done at the field lab and contains the following information: 

1. Wetfall Section (total and thrufall are also listed) 

a. date of collection 

b. type of sample (H,T.F) 

c. station 

d. pH 

e. conductivity 

f. vol ume 

g. sample description {number of bottles shipped and.whether the sample 
bottles contain the total (t) sample or a portion (P) of it}. 

h. time sample is stored (a 1/+1/ in front of the time indicates 1 day 
after collection). 

i. comments on anything out of the ordinary on sample collection or 
analysis. 

2. Dryfall 

a. date of collection-

b. station (including BLK for blank which is filtered demineralized 
\'~ater) . 

c. volume of water in sample (if initially present and measureable). 

d. sample description (number of bottles shipped and whether the total 
(T) sample (500 ml), or a portion {P} of the sample was filtered). 

e. time sample is stored 

f. bottle number 

3. Snm'l cores - same as wetfall \1ith exce!J"tion of location (open or wooded) 
being indicated in the station CO~2. 



· EQUIPMENT MAINTEN.lI.NCE 

Da ily _ Check~ 

1. Test precipitation sensor by hand. 

2. Vprify event marker status by checking the chart for a mark after opening 
the co 11 ector 

3. Check rain gauge operation. Pen should be leaving a trace and bucket 
shaul d not be allowed to overflow or suffer frost damage due to dil uted 
antifreeze solution. 

4·. Batteries are checked. Two Delco Freedom Batteries are set up in paral
leland have an indicator to determine if the battery is still usable 
(Green indicates a good charge, black indicates no charge). During the 
winter the batteries are changed every week (the sensor has to be heated); 
during the summer they are replaced every 3 weeks. Charged batteries are 
kept at the lab so that replacements can be made in one day, 

5. Met stations are checked to determine if they are operating properly. 

Month ly Checks 

1. Calibrate rain gauge 

2. Calibrate met equipment 

3.· Level rain gauge and collector if necessary 

Calibration 

1. Rain Gauge. The Dual.;.Traverse rain gauge used is a weighing-type gauge 
in which a \veighing mechanism converts the vleight of rainfall to a grad
uated chart calibrated in inches. The recorded capa.city of the gauge is 
reached after a double traverse of the pen (Dual-Traverse). Calibration 
of the gauge is based on the assumption that 822.7 grams is the weight 
of a volume of water 11

' high with an area equal to the area of the 811
-

diameter collector opening of the gauge. Teh actual calibration is done 
with a calibration-weight set provided by the manufacturer (Belfort 
Instrument Co.). A properly calibrated Dual-Traverse Rain gauge has an 
accuracy of 1/2 of 1% Full Scale and a sensitivity of 0.01" of 
precipitation. 
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2. Meteorlogical Stations. The electronic weather stations are calibrated 
every six months using a volt meter and following instructions supplied 
by the manufacturer. Monthly field checks are made using an internal 
standard in the machine to determine if a major calibration is required. 
Batteries are changed month1y and are checked weekly. Condensation of 
moisture in the inside of the weather station recorder must be emptied 
frequently to prevent system damage. 

Equipment Malfunction 

This is a list of common equipment malfunctions encountered during the operation 
of the Network: 

1. Sensors burning out 

2. Collector Motors burningollt 

3. Freezing of Collector Drive Mechanism 

4. Rainfall Coil ector Pen Freezes 

5. Event Marker Malfunction 

6. Ba tteri es 

7. Met Station Failures 

8. Vehicle Problems 

Ma i ntenanc€ . .J:Q.9. 

A record of any equipment malfunction and work done on equipment is kept at each 

station. This information is 'inclodedin the Field Log. 
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Section 4 

ANALYTICAL METHODS 

The following methods describe the manner in which all precipitation samples are 

analyzed. 

With the exception of the automated aluminum method, the colorimetric determina
tions for sulfate, chloride, ammonium, and nitrate are based upon automated 
methods published in Standard Methods (5). ~1inor modifications have been made to the 

individual automated analyzer modules based upon operator experience or corres
pondence with other investigators. These modifications were made to obtain greater 
sensitivity, smooth chart recorder basel ines, reduce "carry-overt! effects from one 
sample to another or to improve flow characteristics. All analytical results are· 
expressed as concentrations of the element measured, e.g. 5°4-5. In all analyses. 
each sample set is preceded by a set of standards to assure accuracy. Immediate-
ly following the first set of standards, a previously made stock standard is 
checked against daily standards to insure accuracy. and if an error of greater 
than 5% is noted, the daily standards are re-made. 

The metal analyses by atomic absorption spectrophotometry is performed according 
to methods recommended by the Perkin-Elmer Corp. as with the colorimetric deter

minations, standards precede each sample group and a stock standard is checked 
against daily standards. 

Since the concentrations of ions found in samples vary considerably, i.e. the 
dryfall concentrations being lowest, bulk and wetfall samples exhibit a large 

variation in concentrations, and throughfallhave the highest average 
concentrations, the samples must be categorically prepared for analysis. For 
example. the concentration in a small number of the throughfall 
samples exceed the maximum sensitivities of our sulfate and nitrate methods. In 
these cases. \<Ie dilute the sample by 1/2 - 1/4. To account for the potential 
error. we dilute the samples twice, analyzing each twice, and averaging the values. 
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Through the utilization of ion balances and repeated quality control testing, we 

fee 1 the error is insufficient to warrant development of new colorimetric methods. 
The precision and accuracy of our methods are discussed in a separate section of 
this report. More specific descriptions of all methods can be found in the 
following sections. 

pH 

pH is determined with an Orion 811 pH meter equipped with an Orion 9103 micro- . 
probe. A Fisher Model SRD-6 Serological Bath is employed to maintain constant 
temperature. Temperature changes, when present, are compensated for automati~ 
cally by an Orion ATC micro-probe attached to the Orion pH meter. An accuracy 
of + .01 pH units at 25.0oC is achieved. 

Prior to 6/1/79, pH was determined with a Beckman Century S5 meter and probe. 
The Fisher Serological bath was used for temperature maintenance. Temperature 
was quantified with a Celsius therometer. Any temperature changes were corrected 
for manually. pH values were determined to + .01 pH units. 

Reagents 

Standard pH buffer solutions! pH 4.01 and 5.00 purchased from Fisher Scientific 
Co. are used for cali bra ti on. 

Procedure •. 

pH is run as a separate sample immediately upon arrival at the laboratory. 

1. Rinse sample vials a minimum of three times with distilled! deionized 
water. 

2. Enter sample numbers on log sheet with corresponding sample vial numbers. 

3. Fin sample vials 1/2 full (10 ml) with samples (include one standard; 
pH 4.01 buffer), and one sample of distilled, deionized water. 

4. Place samples in constant temperature bath and equilibrate to 25.0oC 
(about 1/2 hour) 

5. Turn pH meter selector s\vitch to millivolt (mv) setting. 

6. Remove pH probe cord plug from back of meter and install 400-30 dummy 
cable into meter. 
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7. Remove temperature probe cable from pH meter and insert MV test heat probe 
into appropriate jacks. 

8. Depress the test button on rear of pH meter and read digital output. The 
correct output should be 179.9 - 180.0 millivolts. 

9. Re-connect pH and temperature probes into pH meter. 

10. Turn selector switch to standby and allow to warm up for 15 minutes. 

11. To cal ibrate the pH meter, insert the pH probe into pH 4.01 baffer and 
turn selector to 4.00 position. Allow probe to equilibrate for 5 minutes. 
Depress the white pushbutton on the pH meter for several seconds until 
the digital display shows 4.010. The meter is now calibrated. 

12. Rinse pH probe with distilled, deionized water and a portion of the 
sample if sufficient volume is available. Insert pH probe into sample 
and allow 3-5 minutes for equilibration. Record on log sheet and in 
record boo k. 

13. Check calibration following every 25 samples and at end of day. Re
calibrate if a change of greater than .02 is observed. If a change of 
greater than .05 pH units is observed. re-run preceeding samples. 

Remarks 

An accuracy of ~ .01 pH units is desired. Contamination is the main source of 
error in pH-measurement and all values should be closely scrutinized. Routine 
pH-measurements vary from 3.2 - 5.6 pH units. 

CONDUCTIVITY 

Conductivity is determined with a YSI Model 31 Conductivity Bridge equipped with 

a YSI Model 3403 eEL probe. A sensitivity of + 0.1 pmhos at 25.0oC is achieved. 

A modified Fisher Serological Bath~ Model SRD-6, is used to maintain constant· 
temperature. 

Reagents 

O.OlOON KCl Standard 

Anhydrous Potassium Chloride (KG1) 

Distilled Deionized Water 
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Preparation. 

Place approximately 1.5 g. of KCl in a drying oven for 4 hours and then in 

a dessicator for 24 hours prior to preparation of standard. Dissolve 
.7456 g KCl in distilled, deionized water and dilute to 1000 ml in a volu
metric flask. Shake thoroughly. 

0.0100 N KCl Standard 
Distilled Deionized Water 

Preparation. 

5 ml 
100 ml 

Using a 5 ml volumetric pipette, place 5 ml of the 0.0100 KCl standard in 
a 100 m1 volumetric flask and dilute to 100 ml. Shake thoroughly. 

Procedure. 

Conductivity will be run following pH, as a separate sample. 

1. Rinse sample vials a minimum of three times with distilled, deionized 
water. 

2. Enter sample numbers on log sheet with corresponding sample vial numbers. 
-

3. Fill sample vials 1/2 full (10 ml) witll samples (include two standards 
and two samples of distilled, deionized water). . 

4. Place sample vial s in constant temperature bath and equil ibrate to 250 C 
(about 1/2 hour). 

5. Connect conductivity bridge to a power source (117V AC), turn function 
switch to line position and allow at least 5 minutes for warm up. 

6. Record the bath temperature to the nearest O.2oC on the log sheet. 
Temperature should be checked every three samples. 

7. Measure the conductivity of the two samples of distilled, deionized 
water using maximum sensitivity, and record as ~mhos on the log sheet. 
If this value exceeds 2.0 ~mhos, discard standards and remake with 
distilled, deionized water with a conductivity of less that 2.0 ~hos. 

8. Determine the cell constant (k) and enter it on the log sheet (See 
equation, 4 .... 1). 

Determination of cell constant (K). 

Rinse the conductivity cell with three portions of 0.01 M KGl solution. 
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where. 

Place the conductivity ce11 in another portion of 0.01 M KC1 so1ution and 

read the conductance (C KC1 ) and record the temperature of the sample. The 

ce11 constant 1S determined by the equation: 

K = ,1413 + CDW (4-1) 
CKC1 (1 + 0.02 (t-25) ) 

K = the cell constant 

COW;;': conductance of the distilled, deionized water 

CKCl= conductance of the 0.01 N KC1 

t = temperature, °c 

Example: 

K = 1413+ 1.4 

1280 [1 + 0.02 ( 26.5-25)] 

= 1414.4 

1.28 x 103 (1 + 0.03) 

Determination of Conductivity of Sample.--ill 

If sufficient sample is available, rinse conductivity cell with a portion of 

sample. If insufficient sample is available, rinse the cell with deionized, 

distilled water. and dry. Place the cell in the sample, read the conduc

tance (Cs ) and record the temperature. The conductivity is determined by 

the equation: 

G = K (Cs ) 
. (4-2} 

. ] + 0.02 (t-25) 

G is 1n l1mhos/crn 
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£xamp1e: 

Cs ::: 26.5 

t ::: 27°C 

G ::: 1.073 ( 26.5) 

1 + 0.02(27-25) 

Remarks 

= 27.3 l1mhos/cm 

We have found it possible to reproduce values to ~ 0.1 l1mhos at 25.00 C. 
Potential errors arise due to small inaccuracies in KCl standard preparation 
and insufficient sample equilibration time. Conductivities measured range from. 
0.7 to 400 umhos. 

SULFATE 

Sulfate analysis is performed according to Lazrus, eta ala ( 1 ) with modifi
cations tg).· Samples are passed through a cation exchange column to 
remove interferences and reacted with barium chloride at pH 2.5 - 3.0 to form 
barium sulfate •. Excess barium reacts with methyl thymol blue to form a blue 
colored chelate. This color reduction method is measured at a wavelength of 
460 nm. A schematic diagram of this method is shown in Fi gure 4-1 . 

Reagents 

Barium Chloride {good for six (6) months) 
Barium chloride dihydrate 

(BaC1 2·2H20) 
Di still ed water 

Preparaj:jon . 

1.53 9 

1000 ml 

Dissolve 1.53 9 barium chloride dihydrate in 500 ml of distilled water. 
Dilute to one liter with distilled water. store in a brown polyethylene 
bottle. 
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Methyl thymol Blue (prepare daily) 

Methylthymol blue 
(3 1 ,3"-Bis-N,Nbis (carboxymethyl)
aminomethylthymolsulfonaphthalein 
pentasodium salt*) 
Barium chloride solution 
Hydrochloric Acid, 1 N (HCL) 
Di still ed Water 
Ethanol, (C2H50H) 

Preparation. 

0.1182 9 

25 ml 
4 ml 

71 ml 
500 ml 

In a 500 ml volumetric flask dissolve 0.1182. 9 methythymol blue in 25 ml 
barium chloride solution. Add 4.0 ml of 1 N hydrochloric acid~ which 
changes the color to bright orange.- Add 71 ml of water and dilute to 
500 ml with ethanol. -The pH of this solution is 2.6. Store in a brown 

. glass bottle. Prepare this reagent fresh daily. 

Buffer pH 10.0.:t. 0.5 (good for one (1) month) 

AmmOnium Chloride (NH4Cl) 
Pmmonium Hydroxide, conc. (NH40H) 

Preparation. 

6.75 9 

57 ml 

Dissolve 6.75 gof ammonium chloride in 500 ml of distilled water. Add 
57 ml of concentrated ammonium hydroxide and dilute to one liter with 
distilled water. Store in brown polyethylene bottle. 

Methanol (reagent grade) 

Buffered EOTA (prepare daily) 

Tetrasodium EDTA 
Buffer~ pH 10.5 

Preparation. 

500 ml 

40 9 

1000 ml 

Dissolve 40 9 tetrasodium EDTA in 800 ml pH 10.0 buffer and dilute to one 
1 iter \1ith buffer~ Store:,ri' I:>ro\.m, pblyethl ene bottl e. 

* available from Eastman Organic Chemicals, Rochester. N.Y . 

. ;;. 
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Sodium Hydroxide 0.18 N (good for six (6) months) 

Sodium hydroxide (NaOH) 7.2 g 

Preparation. 

Dissolve 7.2 g of sodium hydroxide in 800 ml of disti;:':led water. Allow to 
cool and dilute to one liter with distilled water. 

Ion Exchange Col~mn 

The column consists of a length of Tygon tubing (19 cm), 0.081 mm ID. In the 
commercial ion-exchange resin, *Dowex 50 W - xB cation exchange resin, sodium form 
is freed from fines by stirring with several portions of deionized water and 

decanting the supernate before settling is complete. Fill the column with resin, 
taking care to exclude air. Glass wool plugs are placed at the excurrent end to ' 
prevent the resin from escaping. Care should be exercised that excess glass wool 

. is not used, as it will cause back pressure. 

Remarks 

Experience has shown a large "carry-over" effect of color from one sampile to the 
next. This occurs due to incomplete separation of c'olored samples. This is 
caused by: 

1. ion exchange column too tightly packed with glass wool 

2. too large ID of ion-exchange column 

3. insufficient removal time from flow cell 

4. sample mixing prior to injection of color reagent 

To solve these problems, we have: 

1. reduced the ion exchange column to 0.15 em ID and increased quality con;:. 
trol on packing, eliminating glass wool on the incurrent end of the 
column' . . 

2. enlarged return flow cell pump tube ID from 0.115 to 0.15 cm 

3. decreased tubing ID following sample pump tube and prior to ion exchange 
column . 

*Dowex-available from J.T. Baker Chemical Co', (1.84 meq/me wet volume exchange :: 
capacity) 
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These modifications have greatly reduced carry-over, but not eliminated the 

problem, so we are separating all samples with blanks of distilled, deionized 

wat~r. This has eliminated the problem. _ Sensitivity is to 0.02 mg/L as S. 
Concentrations normally range from 0.02 - 5.0 mg/L as S. 

COMBINED SULFATE AND CHLORIDE STANDARDS 

- 2-To make stock standard solution.of 500 mg/L Cl and 1000 mg/L S as S04 ' dissolve 
~8242 9 NaCl and 4.4303 9 Na2S04. D~ssicate NaCl and Na2S04 prior to weighing. 

Standards 

Low Ran~ .. Hi gher . Range 
Vl stock standard vl stock standard 
dil uted to 50 ml dil uted to 50 ml 

Cl S04 as S Cl S04 as S 
5 0.05 mg/L 0.1 mg/L 70 0.7 mg/L 1.4 mg/L 

10 O. 1 0.2 80 0.8 1.6 

20 0.2 0.4 100 1.0 2.0 

30 0.3 0.6 120 1.2 2.4 

40 0.4 0.8 140 1.4 2.8 

50 0.6 1.2 160 1.6 3.2 

60 0.75 1.5 2.0 2.0 4.0 

For the 1:5 mg/L standard, as an example, daily means and standard deviations 

(in cm of peak height) are shown below. The daily values are based on 3-4 

separate determination. 

Date em Peak Height 

1 ··16.0 + 0.55 

2 21.0 +0.55 

3 22.5 + 0.84 
4 20.8 + 0.45 

5 22.3 + 1.25 

6 20.3 + 0 

7 20.2 + 0.55 

8 22.5 + 0.95 

9 20.2 + 0.55 

10 21.0 + 0.45 
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CHLORIDE 

In this automated method for chloride determination, thiocyanate ion is liber
ated from mercuY"1c thiocyanate by the formation of soluble mercuric chloride. 
In the presence of the ferric ion, the free thiocyanate ion forms highly colored 
ferric thiocyanate~ which is proportional to the chloride concentration. 

Construction of this chloride module appears in schematic form as Figure 4-2. 
This analysis is run in, conjunction with sulfate, utilizing the same sampler, 
proportioning pump, a separate colorimeter and a dual pen recorder. 

Reagents 

Stock Mercurie Thiocyanate (stable for six (6) months) 

Mercuric Thiocyanate (Hg(SCN)2) 
Methanol (CH30H) 

Preparation. 

4.17 g 

1000 ml 

Dissolve 4.17 9 of Mercuric Thiocyanate in 500 ml of .methanol and dilute 
to 1 li·ter with methanol. Mix and filter through coarse (#4 vJhatman) 

\ 

filter paper. 

Stock Ferric Nitrate (stable for six (6) months) 

Ferric Nitrate (Fe (N03)3 .9H20) 202 9 

Nitric Acid Concentrated (Unoxidized)-(HN03) 31.5 ml 

Prepil_~ati on. 

Dissolve 202 9 of ferric nitrate in 500 ml of deionized water. After 
dissolution add 31.5 ml of concentrated nitric acid. Dilute to volume 
with distilled water and filter through coarse (#4 Whatman) filter paper. 

Color Reagent (prepare daily) 

Stock Mercuric Thiocyanate 
Stock Ferric Nitrate 
Brij-35 
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Preparation. 

Mix 75 m7 of mercuric thiocyanate and 75 ml of ferric nitrate and dilute 
to 500 ml w/distil1ed water. Add 0.5 ml Brij and store in dark bottle. 

Diluent Water ( stable for six (6) months) 

Brij-35 10 m1 

Preparation. 

Add 10 ml of Brij-35 to 990 ml of deionized water and mix. 

Remarks 

The baseline will tend to ri se throughout the day. If neces sa ry; adj us t the 
baseline when blanks are going through the colorimeter. The manifold glass 
will tend to accumulate iron depositions (rust color). When this occurs, flush 
the glassware using ION Sulfuric acid. When running C1 analysis, do not use 
Hel in the laboratory. Sensitivity for this analysis is to 0.01 mg/L Cl-. 
Problems with this method are primarily due to contamination. As with the 
Sulfate analysis, all samples are separated by blanks. Concentrations normally 
range from 0.01 mg/L to 1.2 mg/L as C1. 

NITRATE 

Nitrate is reduced to nitrite when a sample is run through a cadmium reductor 
column. The nitrite produced is determined by diazotizing with sulfanilamide 
and coupling with N-(l-naphthy1 )-ethy1enediamine dihydrochloride to form a 
highly colored azo dye that is measured photometrically. For a schematic 
desc ri pti on of th is anal ys is, see Fi gure 4-3. 

Reagents 

Ammonium Chloride Reagent (good for one (1) month) 

ammonium chloride (NH4Cl) 
Brij-35 

Preparation. 

10. 9 

0.5 ml 

Dissolve 10 9 ammonium chloride in 900 ml alkaline vJater and dilute to one 
liter with distilled water. Add 0.5 ml of Brij-35. Store in refrigerator . 
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Al ka 1 ine water may be prepared by adding just enough concentrated liquid 
ammonium hydroxide to deionized water to attain a pH of B.S. 

Color Reagent (good for one (1) month) 

sulfanilamide (C
6
H

8
N20

Z
S) 

concentrated phosphoric acid (H
3

P04) 
N-1naphylethylenediamine dihydrochloride 

(C1ZH14NZ·2HCL) 
Brij-35 

Pre~aration . 

10 g 

100 ml 
0.5 g 

O.5m1 

To approximately 740 m1 of deionized water add 100 mT of concentrated 
phosphoric acid and 10 g of sulfanilamide. Dissolve completely. (Heat, 
if necessary:> .with hot water). Add 0.5 g of N-1-Napthy1ethylenediamine 
dihydrochloride, and dissolve. Dilute to one liter with distilled water. 
Add 0.5 ml of Brij-35. Store in refrigerator. If refrigerated reagent 
is pink, it must be thrown out and made up fresh. 

Preparation of Reductor Column . , 
Ql. 

The reductor column tube is a 35.6 em of 0.1.21 em ID standard tubing or the glass 
column provided with the manifold. Before fi"lling the column. prepare the cad..:. . 

mium in the following manner. 

Use coarse cadmium powder (Cat #2001 E. Merck; Darmstadt, Germany). Rinse the 
powder once or twice with a small quantity of clean diethy1 ether or IN HCl to 
remove grease and dirt. Follow with a distilled water rinse~ Allow the metal to 
air-dry and store in a well stoppered bottle. 

Wash ten (10) g of previously cleaned cadmium with 100 ml of 2% w/v copper sulfate 
(CuS04.5H20) for 5 mi nutes or until blue color partial1y fades. Wash thoroughly 
with distilled water to remove all of the colloidal copper which is present. 
Hash at least 10 times, or until preciptate is no longer visible~ 

Fill the reductorcolumn tube with water to prevent the entrapment of air 
. bubbles during the filling operation. Transfer the prepared cadmium granules to 
the column using a Pasteur pipette. When the entire column is fined with 

. granules, top column to pack, and insert glass wool in the excurrent end of the 
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tube. Do not pack glass wool tightly_ 

To reactivate a column that has lost its reducing power pump 1~4 Hel through the 

ammonium chloride reagent Tine for one minute followed by distilled water for 
2 minutes and then 2% copper sulfate colution for 5 minutes. 

A new or freshly regenerated column must be conditioned prior to use in this 
operation. This is accomplished by pumping a high standard through the sample 
line for a few minutes. (High standard of about 5 ppm). 

When the column is not in use, keep the metal ,covered with ammonium chloride 
reagent. 

Remarks 

1. All samples must be filtered prior to analysis with 0.45 11m membrane 
. filter. 

2 _ Water used for the preparation of standards and reagents and for wash 
water should be distilled and deionized. . 

3. The reductor column must have good flow characteristics for the system 
to operate satisfactorily. Colloidal copper is the primary contami
nant. The column will eventually start to break down causing back 
pressure against the flow. This is indicated on the chart paper by 
peaks that are pointed and have... a relatively slight wash water di p 
between them. This condition is also indicated by significantly 
smaller bubbles being injected by the first bubbler than by the second 
bubbler. This condition can be corrected by repacking another reductor 
column. 

4. Be certain that most of the air that accidentally enters the reductor 
column is flushed out prior to analysis and upon shutting down for the 
day. ' 

Experience has shown a "carry-over"effect of color from one sample to another. 
This occurs when a preceeding sample is incompletely separated from the sample 
following it. This is caused by: 

1. column to tightly packed with glass wool 

2. insufficient removal time from flow cell 

3. sample mixing prior to injection of color reagent 
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To solve these problems, we have: 

1. increased quality control on column packing and eliminated glass wool 
on incurrent end. 

2. enlargened the flow cell waste pump Tube 10 from 0.13 to 0.15 cm. 

3. decreased the Tube 10 prior to entrance into the reductor column. 
This does not entail a reduction in sample pump tube size, but a 
reduction in tube diameter following the pump tube to eliminate mixing. 

These modifi cations have vi rtua lly el iminated carry-over proh1 ems in the nitrate 
module. 

Sensitivity of Nitrate Module is .01 mg/L as N to 3.0 mg/L as N. Nitrate and 
Ammonia modules are run simutaneous1y off one sampler and proportioning pump, 
two separate colorimeters. and a dual pen recorder. 

NITRATE STANDARDS 

To make stock standard solution of 100 mg/L N as N03 dissolve .7213 dessicated 
KN03 in one liter volumetric flask . 

. 7218 x 14 g/mole N 
--.-,.---;---:-=-:-::--- =: 1 00 mg/ L 

101.11 g/mole KN0
3 

Standards 

Low Range 

0.05 mg/L N 
O. 1 II 

0.2 

0.3 
0.5 

II 

II 

It 

Higher R~ 
0.3 mg/L N 

0.5 II 

0.75 " 
1.0 II 

2.0 1/ 

25 yl sto~R standaridi1uted~to 50 ml 
.. 

50 }ll 

100 111 
150 vl 
250 111 

II 

" 
II 

150 111 stock standard diluted, to 50 ml 
250 111 u 

375 v1 
500 1.11 

1000 j.ll 
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AMMONIUM 
The automated procedure for the determination of ammonia utilizes Berthelots 
Reaction, in which the formation of a b7ue co7ored indopheno7 compound occurs 

when the solution of.an ammonia salt is added to sodium phenoxide~ followed by 
the addition of sodium hypochlorite. The blue color formed is intensified with 
sodium nitroprusside. A solution of potassium sodium tartrate and sodium citrate 
is added to the sample stream to eliminate the precipitation of the hydroxides of 
calcium and magnesium. For a schematic diagram of this module, see Figure 4A~ . 

. Reagents 

Complexing Reagent (good for one (1) month) 
potassium sodium tartrate 33 9 
sodi um ci tra te 
distilled deionized water 
Brij-35 
sodium chloride 

Preparation. 

24 9 

1000 ml 
0.5 ml 

2 g 

Dissolve 33 g of potassium sodium tartrate) 24 9 of sodium citrate and 
2 9 of sodium chloride in 950 ml of distilled, deionized water. Adjust 
the pH of this solution to 5.0 with concentrated sulfuric acid. Dilute 
to one liter with distilled deionized water. Add 0.5 ml of Brij-35. 

Alkaline Phenol (prepare daily) 
phenol (liquified) 
sodium hydroxide 20% w/v 

Preparati on. 

43.6 ml 
90 ml 

Using a 500 ml graduated cylinder add 43.6 ml of phenol to 50 ml of 
distilled, deionized water. Cautiously add, in small increments with 
agitation, 90 ml of 20% sodium hydroxide. Cooling under tap water may be 
necessary to prevent too violent of a reaction. Dilute to 500 ml with 
distilled, deionized water. 
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Sodium hypochlorite 

S9dium hypochlorite 

Preparation. 

2.00 ml 

Dilute 200 ml of stock sodium hypochlorite (Good household bleach having 
5.25% available chlorine) to one liter with di'stil1ed, deionized water. 

A 

Refrigerate stock and dllute soluHons. 

Sodium nitroprusside (good for three (3) months) 

Sodium nitroprusside 

Preparation. 

0.5 9 

Dissolve 0.5 9 sodium nitroprusside in 900 ml of distilled, deionized 
water and dilute to one liter. 

Remarks 

Sensitivity of the ammonia method is from .01 mg/L as N to 3.0 mg/L as N. 

Sample separation is good with little "carry-over" noted. 

AMMONIUM STANDARDS 

To make stock standard solution of 100 mg/L as NH4 + disso1ve 0.4719 9 dessica
ted (NH4)2S04' in a one liter volumetric flask. 

0.471 9 x 2(14,) g/mole N 

Standards 

Low Range 
0.05 mg/L N 

o. 1 II 

0.2 

0.3 
0.5 

132.14 g/mole (NH4)2S04 
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II 
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II 
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Waste 

Colorimeter 
630mm 
Filter· 

AUTOMATED A~l!rv10NIA METHOD 

To Sampler IV· 
Wash Recepfacle 

157-8-089 
20 Turns 

157-8-089 '116-0127-01 
20 Turns t 20 Turns 

bn/Grn (2.00)Water 

40lHR 
2:1 WASH 

"----~O Red/Red (0.80) Complexing Rgt. 

Blk/Blk 

rU5side 

Waste ~----IO 8!u/Blu (I.GO) From FIC 

To FC 

. . . 
""', " ' . 



0.3 mg/L N 

0.5 " 
0.75 II 

150 V1 stock standard diluted to 50 ml 

1.0 II 

2.0 1\ 

250 111 

375 ul 

500 ill 

1000 'ill 

II 

.. 

" 
II 

Ammonium and nitrate are run simultaneous1y,on t'i/o channels of the Auto

Analyser~ the stock can be mixed -add KN03 and (NH4)2S04 in the amounts speci"::· 

fied. 

APPARATUS FOR COLORH~ETRIC DETERMINATIONS OF SULFATE (S04) ~ CHLORIDE (C1), 
NITRATE (N03) AND AMMONIUM (NH4) 

Samples are drawn by a Technicon Auto Analyzer II sampler in conjunction with 

a Technicon Auto Analyzer II Proportioning Pump. The individual modules are 

described in their appropriate sections. Two Technicon Auto Analyzer I 

Colorimeters with 50 rrrn flow cells utilizing appropriate filters determine 

relative color intensity. Each colorimeter is attached to a voltage regulator 

to avoid electrical interference. A dual-pen Fisher Recordall Series 5000, 

Nadel A 5213-51, recorder is attached to the co1orimeters to produce graphic 
representations. 

Procedure. 

1. Turn on colorimeters and chart recorder. Allo\'i to warm up for 1/2 hour. 
Place pens in carriers on chart recorder. 

2. Prepare reagents and fill \A/ash water container with fresh distilled) 
deionized water. 

3. Check pump tubes - replace as necessary - replace air bar tubing. 

4. Lubricate pump skids with Technicon Semi-fluid Lubricant and place 
two drops of Prolonged Servi ce oil on foam pads. 

5. Clean colorimeter flow cells when necessary (every 5 operating days) 
with equal portions of ION acid and base. Do not use an acid or base 
that may fnterfere with the analysis to be run~ i.e. Hel when C1- module 
is to be run. 

6. start pump with all intakes in distilled water and run unti1 consistent 
bubble pattern appears. 
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7. Put lines into reagent bottles as labeled and allow to run while 
pr~pa~ing col~mn (594 & NO::) •. Seal reagent bottles with parafilm. 
ThlS 1S especlally lmportant wIth methanol.. . 

8. Put column in line and allow several minutes for bubble pattern-to 
stab; 1 i. ze. 

9. Prepare standards and place three replicates of highest standard in 
sampler, separated oy blanks. 

10. Turn recorder voltage switch to 0.10 and set chart speed to.D.5 
inches per minute. 

11. S~art the sampler, using the colorimeter and baseline controls only, 
adjust peak height of hi gh standard to 90% of the chart paper hei ght. 

12. When cali brated~ load the standards and sampl es according to the 
follm'Jing methods: 

504 + Cl Load standards, separated by blanks, from lowest 
to highest concentrations. Load two blanks and then load 
samples, separated by b.1 anks . After every ei ght(8) samples, 
insert two blanks. After three (3) sets of samples, load 
another set of standards. Repeat thi s procedure until shut
down. 

NO + NH Load standards into tray and insert two blanks 
foflowin~ standards. Load twelve (12) samples into tray 
and then two more blanks. After three (3) sets of samples 
have been run, add another set of standards, followed by 
two blanks. Repeat this procedure until run is completed. 

13. Shut-down - When analysis are completed, turn off recorder and color~ 
meters. Remove lines from reagents and place them in EOTA (SO) or 
d.-istilled water (Cl ~ NO~, NH.Il) for at least ten (10) minutes. 4Ih the 
case of SO ., wash for ten (1u) minutes in EOTA and then for ten(lO) 
minutes in4distilled water. Turn off sampler, wash all sample cups 
and dispose of waste as per procedures listed in laboratory. 

TOTAL PHOSPHORUS 

In this phosphate determination, ammonium molybdate and antimony potassium 
tartrate are reacted with orthophosphate in an acid medium to form an anti
mony - phosphomolybdate compl ex. When reduced with ascorbi c acid. Thi s complex 
yields an intense blue color in the 880 mm range. A schematic diagram of this 

module appears on Figure 4-5. 
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Reagents 

Sulfuric Acid (10.8 N) (good for six (6) months) 
concentrated sulfuric acid (H2S0

4
) 300 ml 

Preparation. 

Add 300 ml of concentrated sulfuric acid to approximately 600 ml of dis

tilled water. Mix and cool. Make up to one liter with distilled water. 

Potassium Persulfate Reagent (good for six (6) .months) 
10.8 N sulfuric acid 
potassium persulfate (K2S20S) 

Preparation. 

6.25 ml 

5 9 

Add 5 9 K2S208 to 6.25 ml 10.8 N sulfuric acid which has been diluted to 
100 ml with distilled, deionized water. 

Acid Wash Solution (good for six (6) months) 
10..8 N Sulfuric Acid (H2S04) 7.7 ml 

Preparation. 

Dilute 7.7 ml of 10.8 N Sulfuric Acid to one liter with distilled water. 

Neutralization Solution (.5 N Nao.H) (good for six (6) months) 
Sodium Hydroxide (NaOH) 10 9 

Distilled deionized water 500 ml 

Preparation. 

To approximately 350. ml of distilled, deionized water and 10 9 NaOH and 
dissolve. Cool. Dilute to 500 ml with disti1led, deionized water. 

Mixed Reagent (stock) (prepare daily) 
Concentrated Sul furi c Acid (H2S04) 

Antimony potassium Tartrate 
(K(SbO)C4H406,li2 H20) 
Ammonium Molybdate 
(NH4)6M07024·4H20) 
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Prepa rat; ()!.l.' 

To approx1mate1y 400 m1 of di sti ned water add 70 mT of concentrated sul

furic acid and allow to cool. 

To approximately 250 ml of distilled water add 1.0972 g of antimony 
potassium tartrate. Dissolve by mixing. 

To the rest of the distilled water add 6.0 9 of ammonium molybdate. Heat 
with hot tap water until dissolved. 

Slowly add the tartrate solution to the acid solution while mixing. After 
thorough mixing add the molybdate solution in the same manner~ dilute to one 
liter. Mix and store in a refrigerator. 

Mixed Reagent (working) (prepare daily) 

Mixed reagent (stock) 100 ml 250 ml 

Ascorbic Acid 0.53 g 1.325 9 

Sodium Chloride (NaCl) 0,10 g 0.25 9 

Preparation. 

To 100 ml of the stock mixed reagent add 0.53 9 of ascorbic acid and 0.10 9 

of sodium chloride. Heat with hot tap water until dissolved. 

Procedure. 

To a digestion tray add appropriate standards and blanks as well as samples in 
10 ml volumes.· To each digestion tube add 1.6 ml of potassium persulfate and 
acid reagent and mix. Autoclave at 250°C for 30 minutes. The volumes of the 

tubes should remain constant. 
\ 

1. Total soluble phosphorus samples must be filtered with a 0.45 micron 
membrane filter prior to digestion. 

2. Acid wash solution is used as blanks in the sampler tray. Two acid 
..•. wash blanks must be run every 10-12 samples. The acid wash solution 

is also used in the sampler's wash receptacle. 
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Remarks 

The primary problem associated with the total phosphorus method is contamination. 
Great care must be taken to acid wash all glassware, use sterile sample cups and 
to avoid touching anything associated with the sampler. Sensitivity is to 
0.002 mg/L P. All samples and standards should be separated by blanks and 
standards should be run every 24 samples. 

TOTAL PHOSPHORUS STANDARDS 

To make a stock standard solution of 20 mg/L P, dissolve 0.4395 9 dessicated 
KH2P04 in a 250 ml volumetric flask. Using volumetric pipets. pipet 50 ml of 
this solution into a one liter volumetric flask and dilute. 

0.4395 9 (1/5) x 30.97 g/mole P = 20 mg/L P 

Standards 

0.002 mg/L P 
0.004 II 

0.008 /I 

0.010 II 

0.014 II 

0.020 II 

ALUMINUM 

136.09 g/mole KH2P04 

5 :)11 

10 1-11 

20 lJl 

25 111 

35 111 

50 1.11 

stock standard diluted to 50 ml 
II 

II 

II 

II 

n 

The Aluminum method is an automated modification of a procedure published by 
Dougan and Wilson ( ! ). The sample is aspirated from the sampler and mixed 
successively with 1.10 phenanthroline, pyrocatechol violet and buffer. The 
aluminum reacts with pyrocatechol violet at pH 6.2 and is measured photometri
cally at 590 nm. 

Reagents 

1.10 phenanthroline reagent - STOCK (good for one (1) month) 

hydroxyl-ammonium chloride 50 9 
1.10 phenanthro1ine 0.5 9 
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Preparation. 

Dissolve 50 9 hydroxyl-ammonium chloride in distilled water and dilute 

to 500 ml. Dissolve 0.5 9 1.10 phenanthroline in this solution and store 
in a polyethylene bottle. 

pyrocatechol violet - STOCK (good for one (1) month) 
pyrocatechol violet .150 9 

Preparation. 

Dissolve .150 9 in about 40 ml water for about 5 min. Dilute to 400 ml 
with distilled water. 

Buffer - Working (prepare daily) 

hexamethylene tetramine 
concentrated ammonia (d=0.9l) 

Preparation. 

300 9 
16.8 ml 

Dissolve 300 9 in about 750 ml distilled water. Add 16.8 ml ammonia and 
dilute to 1000 ml with distilled, deionized water. Store in polyethylene 

bottle. 

Procedure 

1. Dilute 1.10 phenanthroline - 1 part to tlt;o pars distilled, deionized 
water. 

2. Dilute 1 part pyrocatechol violet with 1 part distilled, deionized water. 

ALUMINUM STANDARDS 

Take 1000 ppm Fisher Certified Al standard from refrigerator. To make a stock 
standard solution dilute 100 lJl (0.100 119/L Al) of Certified Al stanaard to one 
liter with distilled, deionized water. 
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Standards 

0.010 mg/L 

0.025 mg/L 

0.050 mg/L 

0.075 mg/L 

10 m1 stock standard diluted to 100 m1 
25 ml 1/ 

50 ml 

75 ml 

II 

\I 

COLORIMETRIC APPARATUS FOR TOTAL PHOSPHORUS AND ALUMINUM DETERMINATIONS 

Samples are drawn by a Technicon Auto Analyzer I sampler in conjunction with a 
Technicon Auto Analyzer I pump. The' individual modules are discussed in their 
appropriate sections •. A Technicon Auto Analyzer II Colorimeter with appropriate 
filters measures the relative color intensity using *50 mm. flowcells. A 
Technicon Auto Analyzer II recorder graphically represents the resultant color 
intensities. 

Procedure 

1. Turn on colorimeter and chart recorder. Allow to warm up for at least 
1 hour. 

2. Prepare reagents and fill wash water container with fresh distilled, 
deionized water. 

3. Check pump tubing - replace as necessary. 

4. Lubricate pump skids and pump chain. 

5. Clean colorimeter flm'/ cell as necessar'y with equal portions of ten(lO)N 
acid and base. Check flow cell input and outflow lines for clogging. 
Put the appropriate fileters in the colorimeter. . 

6. Start pumps with intake lines in distilled, deionized water. Hhen water 
is running throughout the system in the total phosphorus module, plug 
in the heating bath. 

7. When reagents and standards are prepared, put the pump tube intake lines 
into the appropriate reagent bottles. 

8. When reagents have run through the .system for 1/2 hour, insert the high 
standard (0.02 mg/L P or Al) into clean cups alternating with blanks. 

9. Turn on the chart paper. 
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10. Set the Standard Cali bration Knob to 950 and adjust the basel ine to one 
inch from the bottom of the page. 

17. When ca7ibrated, insert the set of standards~ separated by blanks. 
Following the standards, insert two blanks, fonowed by (8) eight 
samples and two more blanks. Run (3) three sets of samples and then 
run a set of standards. Repeat this procedure until the analysis is 
completed. 

12. Shut-down: Turn off colorimeter and chart recorder. Put all pump 
tube lines in distilled water and run for at least (10) ten minutes. 
Turn off sampler pump and sampler. Clean sample cups and dispose of 
waste as per procedures listed in laboratory. 

ATO~lIC ABSORPTION PROCEDURES USED FOR CALCIUt1, MAGNESIUt>1, SODIUM AND POTASSIUM 

Samples are drawn with a Technicon Auto Analyzer I sampler using a Technicon Auto 
Analyzer I proportioning pump. The samples are drawn up to a Perkin-Elmer Model 
403 Atomic Absorption Spectrophotometer. Gas pressures are controlled by a 
Perkin-Elmer Model 403 Burner Control. Ion concentrations are determined 
spectrographically using Perkin-Elmer or Fisher lamps and graphically recorded 
by a Fisher Recordall 5000 chart recorder. The schematic is shown in 
Figure4-7. A Perkin-Elmer Ventilator, Model 303-0406 is used to vent vaporiza
tion residues. 

Sampl es are aspi rated to the burner head andvapori zed by either Acetyl ene and 
compressed air or by Nitrous Oxide and compressed air. The ions present are 
excited to the level where they preferentially absorb specific wavelengths of 
light. The concentrations are proportional to the difference between the 
absorbance of distilTed, deionized water and the samples. 

Procedure 

These specific directions are peculiar to this Perkin-Elmer equipment. 
Na + and K+ 

burner head - large 
gases,- air and C2H2 

M ++ d C ++ g an a 

burner head w small 
gasses - N20 and C2H2 
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AUTOMATED ATOMIC ABSORPTION METHOD 

Technicon AAI Proportinating Pump , 
·1------... ---------- .... --- ..... : 
I Pur Ie/White (3.90 ml/min) ~ 
I ' I 

I G2.1 Pur Ie/White (3.90 ml/min' I Sam Ie 
I . mi' G2.\ 
: Pur Ie/Pur Ie (2.50 Imin) I 

I. 

! White/White(O.60m1/min)D/D H20' : 

. I Black/Block {O.32ml/min Air : . 

Ao 

. I 

White/'Nhite (O,60ml/min) Debubbler I Waste <Q---+--~-'::"":--:":"'''';'''':''~'':'';;''''::''''''''-:'''':''':'':~==::-='':';;~I!.....-----t 

28 Turn I 
I 

Mixing Coil 
:. Purple/White (3.90m1/min)Wosh I 

To I G2 Pur Ie/White (3.90rnl/min)Wosh ~2. I Samp I er Wash -!--r-jr---......L--'----'-'---...;;....~----"--=-'I~~;..;...:;:.;~--t--
Receptacle I Pur le/Oran e(3.40m'min)Wash : 

I ______ - ___ - ________ ____ ..I 

PE-303-0406 
Ventilator 

o 

Technicbn 
AAI 

70/HR 
2:1 Wash 

Atomic Absor tion Grode C2li2' 

, . 

" 

. Fisher' 
Perkin-Elmer 

403 . 

Perkin-Elmer 
.403 " 

Bu mer' Control 
Atomic Absor Hon Grade N20 , 

Series 50001---1 
Recorder 

Atomic 
Absorption 

Spectrophotometer 

, . 

"-'---l~ Waste' 

PE 203-0225 S eeda.ire Com ressor 
,Filter, Model 3Z 166 



Note: When running Mg or Ca, flame must be started on air and extinguished with 
air. Starting or extinguishing the flame with N20 may result in a minor 
explosion. 

Start Up Procedures 

1. Turn Power on and wait one minute. 

2. Plug in the lamp and adjust the amperage (using knob at end of lamp) 
to the appropriate level as indicated on the bulb (look for optimal 
current on the 403.). 

3 .. Adjust the wavelength setting to the appropriate setting 

K+ 

Na + 
Mg++ 
Ca++ 

S.a. set "slit" to 4 

VIS 383 
Vis 295 

UV 285 

VIS 211 

Note: Use the individual lamps, NOT the combined lamps. 

4. :Peak the energy by adjusting the fine tuning on the wavelength knob and 
the vertical and horizontal adjustment knobs on the lamp casing. Then 
adjust the Gain Control to bring the energy dial into the center of the 
dark red section y 

5. Adjust the position and height of the burner head so the beam of light 
passes directly over the burner slot. This will ensure that the beam 
of 1i ght wi 11 pass di rectl y through the fl arne. C1 ean the burner head 
and slit with a small amount of ethanol. 

Note: At this time the water jug should be filled with distilled, deionized 
water and the sample pump should be turned on (the sampler should not be 
on yet.) 

6. Now it is time to adjust the gases: 

Tank pressure for acetyl ene sh~l d be ~~ l2PSIG for all analyses. 
If N;?O is to be used (;. e., Mg or Ca ) the tank pressure of N20 
shOUTd be 40 PSIG. 

7. TURN OVERHEAD EXHAUST FAN ON (BLACK SWITCH) 
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8 .. Adjust gas pressures on burner control box. 

.":", . 

Adjust fuel control box pressure so that its gauge reads 8 PSIG 
NOTE: When making gas adjustments, the overhead fan should be on. 
*You must be depressing the appropriate flow check button while 
making adjustments or it will not work. 

Adjust oxidant control box so that pressure gauge reads 30 PSIG. 

For K+ and Na+ (air - C2H2 flame) 

Adjust fuel flow meter (red knob) so that ball in flow meter 
reads 32 and adjust oxidant flow meter (auxiliary oxidant knob) 
so that ball in flow meter reads 55. 

++ ++ .. 
For Ca and Mg (N20 -C2H2 flame) 

Adjust fuel flow meter (red knob) so that ball in flow meter 
reads 40 and adjust oxidant flow meter so that ball in flow 
meter reads 40 . 

. ~ 
f'~>:> "'V"~ 
3~~-

-2' 

Q 
. ,:,o,"'T""~\ . 

9. Making sure that oxidant selector switch (Air) is in the air position N20 

(switch should be !!£) put the toggle switch labeled IIGases Jl into the lion" 
position. Immediately push the !lIgnite" button and keep depressed until 
the flame is lit. 

10. If running Ca ++ orMg ++ turn the oxi dant sel e.ctor swi tch to the N20 posi
tion (down). AFTER FLAME IS LIT the flame will change from a yellOW 
color to a purple color as the N 0 replaces the air. Again, remember 
to switch back to air before tur~ing f1ame off. Insert burner tube into 
sample cup. 
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11. Set output adjustments on recorder and on spectrometer. On recorder
set vo1tage scaleto.O.001 vo1ts. 
chart speed to 10/10 

On spectrometer-push the following three buttons: 

absorbance, repeat, 10 average. 

Set IIrecorder full scale" to 0.25 A 

Set tlrecorder response" to 3. 

Push "auto zero" button on spectrometer then adjust the IIrecorder 
·zero" knobs on the spectrometer and recorder so that the basel ine • 
is about one inch from the 1 eft margin of the cart paper. 

Run the highest standard ,several times and adjust the peak height 
with the Standard Cal. Attenuator so that the top of the peak is 
about one inch from the right side of the chart paper. 

,. 

Recommended standard cal settings: 

Na - 10 
Mg - 13 for higher range standards - 5.5. 

Run the full set of standards and make sure they are allan scale. 
If they are not~ read just the standard cal. and run them again. 

When running samples insert two water blanks after every 12 samples. 
Two water blanks should also be run before and after each set of 
standards. A complete set of standards should be run every 36 samples. 

Shutdown Procedure 

1. TUrn sampler off after last sample is aspirated. 

2. Turn recorder off after last sample is recorded. 

3. IF RUNNING ON AN N20-C2H2 FLAME, CHANGE POSITION OF OXIDANT SELECTOR 
SWITCH TO A~~. CoTor of flame will change from purple to yellow. 

4. switch the IIGases ll switch to IIShutdown". 

5. Turnoff gas tank(s). 

6. Push "Fuel Flm'l check" button until no pressure is evident on gauges. 
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7. If NO was used, switch sel ector switch back to N 0 and depress . 
lIoxi&ant flow check ll button until no pressure is ~resent. Switch 
back to air and pus-h ,!!oxidant flow check!l for a second. 

8. TUrn amperage on lamp down to zeros and unplug lamp. 

9. Turn sample pump off. 

10. Turn "Power" off. 

11. Clean and fill the sample vials with distilled, deionized water. 

CALCIUM STANDARDS 

Use the 1000 ppm Ca++Fisher Certified Atomic Absorption stock standard to 

obtain a set of working standards. 

Standards 

- Low Range 

·0.1 m9lL Ca ++ 10 111 stock standard dil uted to 100 ml . 
in a volumetric flask 

0.2 /I 

0.4 II 

0.6 II 

0.8 II 

1.0 II 

1.2 .. 
1.5 II 

Higher Range 

++ 1.4 mg/L Ca . 

1.6 \I 

1.8 II 

2.0 If 

2.4 " 
2.8 II 

3.2 " 

20 111 

40 111 

60 u1 

80 111 
100 v 1 

l20 v 1 
150 ]11 

140 pl 
160 vl . 

180 ]11 

200 111 

240 111 

280 vl 

320 u1 
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MAGNESIUM STANDARDS 

Make a dilution of the 1000 ppm Fisher Certified Atomic Absorption stock solution 

by mixing 200 V1 stock and 1800 Ul distilled, deionized water to obtain a 100 ppm 

stock. 

Standards 

. Low Range 

.01 mg/L 

.03 II 

.05 II 

.07 11·· 

.10 II 

.15 II 

.20 II 

10]Jl of 100 ppm stock diluted to 100ml 

30 ]J 1 

50 p1 

70 ]J 1 

100 u 1 

150 111 

200 11 1 

" 
II 

n 

II 

II 

II 

Higher Range - made from 1000 ppm stock 

.2 mg/L 
. ++ ". 

20111 of 1000 ppm Mg dil uted to 100 ml 
.in volumetric flask . 

.25 II 25 fJ 1 1\ 

.30 II 30 "111 II 

.35 II 35111 II 

.40 .. 40 u 1 II 

.50 1\ 50 p 1 II 

.60 II 60 fll tI 

.70 70pl II 
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SODIUM STANDARDS 

Make a dilution of the 1000 ppm Fisher Certified Atomic Absorption stock solu

tion by mixing 200}J1 stock and 1800 111 distilled, deionized water to obtain a 

100 ppm stock. 

Standards 

Low Range 

.01 mg/L 

.• 03 1\ 

.05 " 

.08 " 

.10 II 

.15 II 

.20 " 

.25 II 

Higher Range 

+ .15 mg/L Na 

.20 II 

.25 II 

.30 II 

.35 II 

.40 II 

.45 II 

.50 " 

10 ]11 of 1 00 ppm stock. dil uted to lOG ml 
.. 

30ul II 

50 p1 II 

.. 

80 ']11 II 

100 ]11 II 

150 111 II 

200 p1 II 

250 ]11 II 

- made from 1000 ppm stock solution 

-. + 15.]11 of 1000 ppm Na diluted to 100 ml 

20 111 ; " 
25 ul " 
30 111 1/ 

35 111 II 

; 

40 ]11 fI 

.. 

45 1-11 " 
50111 II 
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POTASSIUM STANDARDS 

Make a dilution of the 1000 ppm K+ Fisher Ce"rtified Atomic Absorption Solution 

stock standard by mixing 200)11 1000 ppm K+ with 1800 III of distilled, deionized 

water to obtain a 100 ppm stock. 

Standards 

Low Range 

.025 mg/L K+ 25 111 100 ppm K+ dil uted to 100 ml in 
a volumetric flask 

.05 fI 50 )11 100 ppm II 

.1 II 100 III 100 ppm II 

.2 II 200 II 1 100 ppm n 

30 III 1000 ppm· II .3 II 
1, 

.4 II 40' II 1 1000 ppm II 

.5 II 50 III 1000 ppm II 

.8 1/ 80 1J1 1000 ppm II 

Higher Range 

.6 mg/L 
+ ~ 

60 III of 1.000 ppm K dil utedto 100 m 1 
in a volumetric flask 

.8 II 80 II 1 " 
" 1.0 II " 100 III II 

1.2 II 12011.1" II 

1.4 II 140 111 u 

1.6 II 160 Jll II 

1.8 II 180 111 II 

2.0 II 200 II 1 11 
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DISSOLVED ORGANIC CARBON 

For dissolved organic carbon determination, ?amples are treated with 0.5 N Sulfuric 

Acid and bubbled with nitrogen to remove carbon dioxide. The treated samples are 

injected into a Beckman Model 915 Total Organic Carbon Analyzer with a Hamil ton 

CR 700-200 adjustabl e pushbutton syringe. They are vapori zed by heat (LECO 

Induction Furnace) and oxygen in a packed tube. This operation oxidizes the 

organic carbon to carbon dioxide which is measured by means of a MSA-LIRA Model 

200 Infrared Analyzer. Graphic representations gre produced by a BeckmanlO H 

Recorder. 

Reagents 

0.5 N Sulfuric Acid (H2S04 ) (good for one (l) month) 

Concentrated sulfuric acid (H2S04 ) 14.0 ml 

Distilled deionized water 1000 ml 

Prepara tion. 

Measure 14.0 ml of concentrated sulfuric acid and pour into 1000. ml 

graduated cylinder. Dilute to volume withdistilled~ deionized water and 

mix thoroughly. 

Oxygen - Carbon free gas 

Nitrogen - Carbon free gas 

Start Up Procedure 

1. Turn power switch on. Turn hi gh temperature furnace on. 

2. Wait until the temperature of 9500 is reached before starting . 

3. Plug in the voltage regulator and the fan in the analyzer. 

4. Switch the Li.ra analyzer to on. 

5. Adjust the zero knob on the analyzer to obtain a basel ine (at about 
10 on the needle above it). 

6. Inject about 5 or 6 - 150 111 injections·of H
2

0 to move the baseline up 
to normal running level. 

4-32 



7. Read just the zero to get the baseline at about 10. 

8. Check the V tube in the back or ca rbon furnace to see that it is between 
max. and min. levels. If not~ suck off some of the llquid. 

9. Set the oxygen flow on 250, adjustment is by the gray needle valve on 
the add scrubber. The pressure should be between 4 and 6. The control 
knob on the top of the Lira analyzer should be set at low 7. 

10. Turn on recorder; engage gears and set to 0.5 cm. 

Standards 

Stock Standard - dissolve .5314 g of K.H.P. (Potassium Hydrogen Phthalate) and 
dilute to 250 ml in a volumetric flask.· Use either double distilled carbon free 
water or distilled deionized water (be consistent with the one you use). 

Make the following dilutions daily. 

dilute 10 ill stock standard tolD ml for 1 mg/L 
II 20 l-Il " II II II II " 2 mg/L 
II. 40 l-Il II (I " II " II 4 mg/L 
II 60 l-Il II II /I II II II 6 mg/L 
II 80 III " II II 

~-

II II " . 8 mg/l 
II 100 l-Il " II II II II II 10 mg/L 

Blank - place 5 ml distilled, deionized in a test tube (add 100 pl of H2S04 as 
explained below). 

Preparation. 

After making up 10 ml of each standard, pipette 5 ml into a test tube. Then 
add 250 III of 0.5 N H2S04 to the 5 ml of each standard. Bubble each standard 
for at least 3 minutes with nitrogen before making injections. Three in
jections of each standard qre recommended or until consistency is achieved. 
Each injection should be 150 jll of standard (see notes on injection pro

cedure). RUN ALL OF THE STANDARDS BEFORE THE SAMPLES AND BEFORE SHUTDOWN. 
BE SURETO RUN THE BLANK STANDARD. Rebubb1 e standards before rerunning them. 
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Sampl e Preparation. 

Five ml of a sample should be pi.petted into a test tube and then 250 III of 
0.5 N H2S04 should be added. Each sample should De bubbled with nitrogen 
for atl east 3 minutes before maKing injections. Inject each sample until 
consistency is achieved. 

Injection Procedure 

1. 150 ]11 of sample should be taken into the automatic syringe. Check to be 
sure there are no bubbles. 

2. Open black knob on front panel and quickly place needle inside. 

3. W~it un~jl pressure on g~uge 01) top of Lira analyzer returns to normal 
t~,-6 pSl) and'then make 'DJectlon. 

4. Wait until pressure is again normal to remove needle and quickly re
place black knob. 

5. Wait until recorder pen has returned to baseline before making next 
injection - at least 5 minutes. 

6. The baseline may drift during the day. Gently adjust the zero knob on 
the analyzer. (The standards do not have to be redone, if'this is 
necessa ry) . 

7. The air flow should remain at 250 for the day. (If it moves a great 
deal - adjust it and redo standards). 

8. Inject each sample until the results are consistent. 

Shut Down Procedure 

1. After running standards, turn off recorder; disengage gears. 

2. Turn off Lira analyzer; turn off furnace; turn off power. 

3. Be sure to unplug voltage regulator, or it will overheat overnight. 
Unplug fan in analyzer. . 

4. After waiting about 10 minutes for the machine to cool off turn 
oxygen flow down so that it bubbles very slowly. (approx. a bubble 
every 10 sec.) To turn down~ turn clockwlse. 
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Chart Reading 

1. Because the baseline constantly changes, measure the peak I s he,ight 
in mm. 

2'. Average the value in mm. for each of the standards; subtract height 
of the blank from each standard. 

3. Plot the height in mm. vs. mg/L of the standards on graph paper. 

4. Measure and find an average height for each sample (an occasional 
inconsistent peak should be disregarded). 

5. Read the number of mg/L of carbon from the graph of the standards. 

Table 4-1 illustrates1;he flO\',I sheet of sample. sample,volume required and the 

priority assigned in the laboratory for the analyses of ions. 



TABLE 4-1 

ANALYTICAL SCHEME 

Flow Sheet Volume Requirements 

Sam.ple collection 
+ ~ 

Sam.ple volum.e m.easurem.ent 
+ 

Sample filtration 
. '" . 

Field pH measurem.ent 
Field conductivity measureme.at 

'" Sam.ple transport to lab 
+ 

Sam.ple logging 
+ : 

Lab pH measurement 
Lab conductivity measurer.o.er;.t 
Lab sulfate measurem.ent 
Lab nitrate measurement 

. Lab am.monium measurement 
Lab calcium measurement 
Lab chloride mea!3urement 
Lab magnesium measurement 
Lab sodium m.easurem.ent 
Lab potassium rneasurement 
Lab phosphate measurement 
Lab acidity measurem.ent 
Lab organic C m.easurement 
Lab aluminum measurement 

* A := Highest Priority 
D ::: Lowest Priority 
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10 ml 
10 Inl 

10 m.l 
5 ml 
5 m.l 
5 ml 
5 ml 
5 ml 
5 ml 
5 ml 
5 ml 
5 ml 
5 rol 

25 m.l 
5 ml 
5 ml 

A 
A 
B 
B 
B 
C 
C 

·C 
C 
C 
D 
D 
D 
D 



ION CHROMATOGRAPHY 

Ion chromatography (IC) ;s a relatively new analytical technique 

that combines the principles of ion exchange, liquid chromatography and 

conductimetric detection for the quantitative determination of ionic aqueous 

species. A sample of constant volume is injected into the system and 

carried by a liquid eluent through two ion exchange· columns and a con

ductivity cell. The first column, known as the separator column, separates 

the sample ions according to their different affinities for~ and thus 

different retention times on, the column resin. The second column. known 

as the suppressor column, neutralizes the eluent carrier ions to minimize 

background conductivity and allow detection of the sample ions in the 

conductivity cell. 

The sulfate and nitrate peaks were identified by comparing their 

elution time to. known standards. Concentrations were determfned by com

paring chromatogram peak heights to those on a calibration curve prepared 

by analyzing standard sulfate and nitrate solutions. Because of th.e non-

1 inearity of the curves at low concentrations, standard addi.ti'ons were 

made. Table lists chromatographic operating conditions. Since ion 

chromatography requires a de-ionized water source, all reagents for both 

analytical techniques were prepared with de-ionized water. 

The samples were ana.lyzed using an attenuation of 3 umho/cm full 

scale on the ion chromatograph. At this setting, it was found necessary 

to expend approximately half the capacity of the suppressor c01umn to 

obtain a stable baseline. which is requi"red for accurate measurements of 

peak heights. Thus, after regeneration, the separator column was by ... passed, 

the pump flowrate setting increased to 40% maximum, and the 0.0024 M Na2C03 ~ 

0.003 ~ NaHC03 eluent run through the suppressor column for 45 minutes to 
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an hour. At this point" the interface of the expended and unexpended 

suppressor resin (the expended resin being tan in color and unexpended 

a bri ght yellow) was located approximately ha 1 f~way down the suppressor 

column. The pump setting was reduced to its normal setting of 27% maximum, 

and the separator column placed online. The eluent flowed through both 

columns until satisfactory baseline was o5tai'ned~ i.e.~ a baseline that 

did not vary more than 1.3 cm (corresponding to 0.15 umho/cm) over a 

30 minute period, the approximate elution time of the sulfate peak (nitrate 

elutes before sulfate). Most samples were analyzed with a baseline drift 

of less than 0,5 cm,or 0.06 umho/cm. Six to nine samples could normally 

be analyzed be~ore the suppressor column again required regeneration, 

If the chromatograph was used to analyze samples containing 

significantly higher sulfate levels than normally foundi,n the samples, 

both the suppressor and separator col umns were fl ushed with d~~i:oni,zed 

water for at least an hour, -followed 5y the NaC03 .. NaHC0
3 

eluent for 

approximately 15 minutes, or until a steady baseline was obtained, 

The pump setting of 27% maxi'mum (corresponding to system 

pressures of 460 .. 610 psi) was used since lower settings produced too 

broad a peak, making height measurements diffi.cult. The longer elution 

times with these lower settings meant that fewer samples could be analyzed 

before regeneration was necessary. Larger flow rates produced greater 

system pressures, which places greater amount of stress on tubing flares 

and connections, and can lead to leaks and flare failures, as descr1bed 

in the operating manual. 

where 

Sample sulfate concentrati,ons were calculated as follows,~ 

[SO~J ug/ml = {AB-K1}/C 
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A = solution SO~2 concentration from calibration curve (ug/ml) 

B = total solution volume (25 ml) 

Kl = standard addition of SO~2 (25 ug) 

C = sample volume (20 ml) 
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AMBIENT AIR QUALITY 

Hivo1-Sampling 

In January 1979 a Hivol-sampler was placed at BMA and operated once a week for a 
period of several weeks. However, results were highiyvariable due to several causes: 

location, filter preparation and handling during and after transport, record 
keeping, nature of the filter paper. Particularly for the last reason an inter
comparison study was performed (during July and August 1979) on a roof platform on 
the RPI campus using two Hivols and several types of filter paper . 

. The procedure used is shown in Appendix C and the filter paper types in Appendix D • 

Results 

1. Total SuspendedPatticu16tes 

Table 2 .lists the intercomparison done using two Hivols and six different 
filter papers in terms of the total suspended particulate matter (TSP, 
119/m3). A total of 15 pal~red runs were performed. Seven runs compared 
papers #1 and #2 •.. The average concentratio~s calculated from these seven 
runs were: 30.5 vg/m3 (paper #1), 32.4 llgm (paper #2). For the 
fifteen paired runs the relationship 

TSPl = 0.87 TSP2 + 2.07 (4-3) 

where TSPl refers to Hivol #1 and TSP2 to Hivol #2 (eL Tabl e 2). 
Hivol #2 gave approximately a 10% higher loading; r= 0.936. 

2. Particulate Sulfate 

Sulfate was determined via ion chromatography after extraction. The 
comparison of seven paired runs (Table 2) using paper #·1 and 2 gave 
consistently higher sulfate values for paper #1; sulfate ranged from 
7.0 - 68.7% of the total suspended particulate matter. Results were 
expressed as 

(4-4 ) 

where (S04), is the sulfate )ppm) on filter paper #1 and (SO )2 the 
sulfate on paper #2. The cortelation coeffldent r was O.97t In view 

. of this substantial artifact sulfate result obtained with the standard 
. glass fiber filter paper (paper #1, cf. Appendix ), the use of that 

paper was discontinued. Por paper #2 sulfate concentrations are listed 
in Table 3 • 

3. Particulate Nitrate 

These concentrations were generally too low to permit the development of 
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equations of the type shown in 1. and 2. The highest nitrate concentra
tion observed during this study period was 2.95 pg/m3. For comparison 
nitrate values are also listed in Tab1e3 . Paper #1 apparently gave no 
nitrate artifact. . 

4-41 



Paper # 

Run # 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

TABLE 4-2 

COt~PARISON OF THO HIVOL SAMPLERS 
3· 

TSP, 119/m 

1 ,·2 3 4 ' 

54.85 60.06 

62.7. 69.95 ---
40.71 42.6 

44.9 

27.5 

52.5 . 62.1 

45.5 

30.4 22.3 

15.3 

13.7 15.2 

26.8 33.9 

36.1 28.6 

22.3 19.9 

30.9 29.1 

20.8 29.9 

5. 6 

48.8 

34.8 

43.3 

23.5 

The underHned values are for the HIVOL #2 (GM",hous tng, BGh-motor L HIVOL ill 
was a MISCO-uni't. 
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TP-.BLE 4-3 

SULFATE AND NITRATE CONCENTRATIONS 3 
(-w9!m ) 

FOR PAPER #2 

Run # Sulfate Nitrate 

2 4.69 < 0.3 

10 6.44 < 0.3 

11 6.78 1.7 

12 3.49 < 0.3 

13 2.38 < 0.3 

14 1.62 0.5 

15 2.10 1.2 
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Section 5 

QUALITY ASSURANCE/QUALITY CONTROL 

An important aspect of all field and laboratory workwas the performance of measure

ments of all types according to standards that insured data rel iabil ity. In ad

dition to routine qual ity control related to analytical standards for specHi c 

methods and the frequent inclusion of standards of known concentration into the 

analysis of field samples, a more elaborate QA/QC-procedure t-/as established. One 

such scheme (suggested by S. Gherini, Tetra Tech. Palo Alto. CAl is shown in Table 

5-1. The scheme outlined in Table 5-4, while desirable, cannot be done consistent

ly for every ion. The principal limitation for replicate and split samples is 

sample volume, especially for wetfall, snO\'J cores, and dryfall.Analysis of Ull

knmms depends on their availability. Very early in this study Rensselaer Poly

technic Institute participated in a r,iAP3S-Laboratory Intercomparison Study, OJ . 
. The results were summarized in Table 5-2. 

The 1 ist of tables given belm'i summarizes a majority of the types. of qual ity pro

cedure performed in the course of our "'lork. Tables 5-3, 5-8, 5-16, 5-20) and 5-24 

are results obtained on EPJ.l.-quality control samples for pH, conductivity. sulfate, 

nitrate, chloride, and armnonium ion, respectively. 

Duplicates (or replicates) ara given in Tables 5-5, 5-7,5-13,5-14,5-21,5-22, 

5-25~ 5-26~ and 5-27 for autoanalyzer measurements. Tab1es 5,..10 and 5-18 are reD

licate sulfate and nitrate analyses performed on the ion chromatograph. 

Split samples analytical results are given in Tables 5-6, 5-12, and 5-19. Stan

dard additions to nitrate and ammonium samples are shown in Tables 5-15 and 5-23. 

As an example of quality control for low, mid, and high concentrations Table 5-4 

on conductivities is given. 
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Standards for sul fate and nitrate were al so intercompared between autoanalyzer and 
ion chromatograph (Tables 5-9 and 5-17) and sulfate replicates analyses were cam

pa red bet\'4een these same two methods of ana 1ys is. 

A brief discussion of these findings follows. For the EPA-quality control samples 
abso 1 ute difference i n pH-val ues (Table 5-3) were O. 12, 0.16 and 0.04 pH-units, re
spectively, the % differences for the conductivity samples (defined as absolute 
difference between analysis found and reported sample value divided by the mean 
value) were 2.57%s 3.2% and 5.4%, respectively. The sulfate values (Table 5-9) 
were compared to an EPA-sample for which a single value without mean or standard 
deviation was listed. The sample was analyzed on ~/O separate occasions, variabil~ 
ities were very loVl, but the use of alternate blanks (Le., a blank was run between 
each sample repeat) lowered the standard deviation. The % differences between re
peat analyses were 1.5%, versus the EPA sample the larger % difference was 4.1%. 
An analysis of EPA-nitrate samples gave very close agreement vJith reported values 
(Table 5-16). EPA-II sample included in Table 5-20 sho\'Ied a rather large dif
ference bebreen reported and found val ues and approximately a 20% difference be
tween the two analytical methods used. Hm-/ever, it should be pointed out that the 
ion chromatographic analysis represents a single determination. Agreement between 
ammonium analyses was also quite good (Table 5-24). 

Table 5-5 illustrates general observations for pH of rain samples; samples with . 
initial pH-values of <4.5 change only very little during storage (as long as six 
months); occasionally (samples 2524, 2682. 2684) there are large changes for un
known reasons; decreases in pH upon repeat analysis are rare and may be due to 
calibration differences on contamination. 

Of the rep1icate analysis, magnesium (Table 5-26) and potassium (not listed) showed 
the largest differences; replicate analyses for anions were generally somewhat 
better. Ion chromatography gave excellent repeatability (with one exception) for 
sulfate (Tabl~ 5-10) and nitrate (Table 5-18). 

Analysis of spl it samples showed excell ent agreement for pH and conductivities in 
the concentration regions of interest (Table 5-6). The same samples gave repeat
able sulfate values (maximum % difference 5.3% for sample 2964 and average % dif-
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ference of 2.7% amongst the four pairs); nitrate results vlere similar (Table 5-18). 
For Tables 5-15 and 5-23~ the second columns list the "analytical results for these 
samples; the HFound" columns list the actual determinations made on the (sample + 

standard) solution; the IIExpected ll columns list the values that were calculated 
based on the average analytical concentration of the samples and the 2.0 mg!l 
standards. 
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TABLE 5-1 

FIELD & LABORATORY PHYSICAL AND CHEMICAL ANALYSES -
QAIQC PROCEDURE FREQUENCIES 

TYPE OF QA/Qe PROCEDURE FREQUENCY 

ANALYSIS OF REPLICATE SAMPLES 5% (one in twenty samples)' 

ANALYSIS OF SPLIT SAMPLES 5% {one in twenty samples} 

REPLICATE-SPLIT SAMPLING - One in every five hundred 
4 x 4 (to distinguish field samples ** 
and analytical variability) 
ANOVA 

CROSS-LABORATORY ANALYSTS Quarterly 
OF SAMPLES , 

ANALYSIS OF SPIKED SAMPLES Annually 

ANALYSTS OF UNKNOWN Annually 
(EPA-DOE-Tt) 

** Take four replicate samples and split each of these 
into four parts for separate analysis. 
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TABLE 5-2 
A 

RESULTS REPORTED FROM MAP3S PRECIPITATION CHEMISTRY INTERCOMPARISON STUDY (1 ) 

SAMPLES: 

Const Units A B C D E :I~ ,'., F G H 
1. pH meq/L 13.18 0.48 0.21 43.65 23.99 34.67 1202.26 630.96 
2. Cond ms/cm 61.00 63.00 65.00 8_2.00 69 •. 00 61.00 607.00 333.00 
3. Na ng/mL 250.00 740.00 3280.00 3760.00 610.00 370.00 90.00 20.00 
4. K ng/mL 980.00 710.00 680.00 82.0.00 30.0.00 120.00 60.00 390.00 
5. Mg ng/mL 220.00 170.00 160.00 340.00 .590.00 500.00 20.00 10.00 
6. Ca ng/mL 750.00 420.00 440.00 104.0 .00 2150.00 1720.00 . 160.00 60.00 

c..,., 
7. NH4 ng/mL 3130.00 4210.00 3130.00 220.00 770.00 700.00 23.00 14.00 I 

tn 

8. C1 ng/mL 430.00 760.00 620.00 790.00 680.00 1320.00 2130.00 20680.00 
9. N03 ng/ml 190.00 66.00 75.00 7700.00 2830.00 2970.00 55500.00 12750.00 

10. 504 -ng/mL 12370.00 8780.00 8300.00 9740.00 6680.00 8060.00. 1350.00 990.00 
11. P04 ng/mL 460.00 430.00 490.00 460.00 520.00 130.00 18.00 46.00 
12. Totoc ng/mL 2700.00 3500.00 2200.00 3700.00 3200.00 2500.00 2100.00 19100.00 



TABLE 5-2 
B 

MEANS AND STANDARD DEVIATIONS REPORTED FOR ALL LABORATORIES PARTICIPATING ( 1) 

1. ng/mL 15.86 0.94 0.35 30.40 27.12 38.89 1374.21 708.00 

+ 6.95 +0.62 +0.26 +19.98 +7.51 +6.21 +142.80 +92.55 

2. ng/mL 742.20 448.60 446.60 1050.60 2066.50 1738.80 60.20 36.40 

+60.70 +31.30 +25.70 +68.70 +270.00 +130.90 +48.90 +23.30 

3. ng/mL 2749.40 2808.90 2879.40 349.80 688.30 640.40 23.20 19.90 
(J"1 
I 

O"! +322.50 +1262.00 +222.10 +91 .50 +70.90 +66.60 +13.20 +16.10 

4. ng/mL 229.40 89.20 67.30 4600.30 3104.20 3315.80 55593.80 13200.00 

+29.00 +58.40 +39.10 +3331.70 ->+431.50 +335.90 +2965.90 +398.10 -, 
5.ng/mL 11405.20 7538.50 7444.20 9033.00 6296.70 7996.70 5151.20 3450.30 

+1061. 70 +518.50 +508.00 +681.00 +368.30 +779.60 +11776.80 +8086.00 

l' 



TABLE 5-3 
EPA-QUALITY CONTROL SAMPLES 

TYPE: Mineral Analysis Standard 
(Samples 1 and 2) 

Reported Values 
Parameter Found 

pH 8.481 

Conductivity 557.5 +5.9 

pH 8.442 

Conductivity 554.0 

pH 7.762 

Conductivity 120.7 

Sample 1 Sample 2 

8.6 
572 

8.6 
572 

7.7 
113 

1 Average of 9 measurements (range: 8.41 ~ 8.51) 

2 Average of 5 measurements (range: 8.43 - 8.46, 7.75 - 7.79) 
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% Deviation 
from Mean 

1.0 

1.95 

3.3 



TABLE 5-4 

CONDUCTIVITY, QUALITY CONTROL 

Low Range: 0-30 umohs 

Sample # 1 2 3 4 5 
ol ~ 

2914 12.8 13.9 13.8 13.6 12.8 
2918 14.7 15.2 15.4 15.3 15.2 
2933 19.0 19.6 19.6 19.3 19.4 
2934 20.2 21.3 20.6 21.2 21.2 
2943 7.2 7.3 7.2 7.2 7.2 

Middle Range: 30-100 umohs 

1 2 3 4 5 

2816 101 .0 103.2 103.1 104.2 103.2 
2865 30.9 31.4 38.9 30.9 30.9 
UVAl 34.7 33.0 34.1 33.0 34.1 

2886 61.8 61. 7 61.7 61.8 58.4 

2905 57.3 61.8 53.9 58.4 58 )j. 

Hi gh Range: 100-180 umohs 

1 2 3 4 5 

2817 111.1 108.9 112.2 109.9 113.4 

2909 119.1 119.1 117.8 119.0 121 .4 

2812 158.5 155.3 157.5 155.3 157.3 

2824 170.0 170.0 173.5 173.5 170.0 

2912 114.5 115.7 115.6 115.7 115.6 
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TABLE 5-5 

pH DUPLICATES 

Sample # Al B2 Sample # Al B2 

2518 3.85 3.76 2557 3.81 3.77 
2519 3.82 3.80 2558 3.83 3.72 
2520 3.92 3.71 2560 4.28 4.16 
2523 4.00 3.90 2561 4.26 4.00 
2524 6.76 4.62 2563 4.19 3.74 
2526 4.01 3.97 2864 4.36 4.22 
2527 3.98 3.93 2565 4.35 4.15 
2528 4.25 4.20 2566 4.19 4.06 
2529 4.04 4.03 2568 4.07 3.96 
2530 3.90 3.93 2569 4.04 3.93 
2531 3.94 3.94 2624 5.32 5.31 
2532 3.94 3.91 2625A 4.22 4.04 
2533 4.11 4.07 2625 5.34 5.36 
2534 4.35 4.24 2675 4.31 4.20 
2537A 4.84 5.29 2676 4.21 4.26 
2537 5.44 5.30 2681 5.29 5.00 
2538 5.50 5.34 2682 5.28 3.98 
2540 4.22 4.17 2683 5.19 4.56 
2541 4.20 4.05 2684 5.26 4.22 
2542 4.22 4.00 2713 4.87 4.79 
2543 4.24 3.97 2714 5.05 4.91 
2544 3.99 3.86 2715 4.95 4.82 
2545 4.10 4.02 2716 5.01 4.92 
2546 4.10 4.04 2720 4.44 3.93 
2547 3.98 3.95 2736 4.45 4.28 
2549 4.68 4.86 2745 4.63 
2550 5.38 4.93 2746 4.58 
2551 3.85 3.84 2747 4.67 4.61 
2552 3.85 3.84 2748 4.50 4.45 
2553 3.91 3.85 2749 5.21 5.04 
2554 3.87 3.84 2750 4.51 4.47 
2555 4.03 3.95 2751 4.63 4.60 
2556 4.10 3.92 2752 4.67 4.67 

1 A = Orion Digital pH-meter 

2 B = Beckman pH-meter 
In some case, considerable time elapsed between B, the original 
determination and A, the repeat. 
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TABLE 5-6 

pH & CONDUCTIVITY , SPLIT SAMPLES 1 

Sample # 

2961 
2962 

2964 
2965 

2961 
2962 

2964 

2965 

Conductivity (umob~ 
1 2 

40.4 40.4 
41.6 

32.3 

33.5 

1 
4.12 
4.10 

4.17 

4.18 

40.4 
33.5 

32.9 

2 
4.11 

4.09 

4.18 

4.17 

1 LMI, 11-10-79-WF split into 2961 & 2962 

SLW~ 11-10-79-WF split into 2964 & 2965 
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TABLE 5-7 

REPLICATE ANALYSIS (AUTOANALYZER) 

Su1fate (mg/1), as S 

Sample # 

2296 2.97, 3.05, 3.01, 
2.9, 2.58 
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X 

2.98 

S 

+0.02 

Variability (SIX) 

0.007 



TABLE 5-8 

EPA-QUALITY CONTROL SAMPLES 

Sulfate (mg/1)~ reported as S04 

'Autoima 1yzer 
1 7.50 + 0.7 

Variabi1i 

0.093 
2 7.39 + 0.17 0.023 

Reported EPA-Va1ue~ EPA II 

7.2 

1 Four separate analyses using no alternate blanks 

2 Five separate analyses using alternate blanks 

3 Variabil ity six 
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TABLE 5-9 

STANDARDS: SULFATE (ppm) 

Nominal Concentrations 
(Ion Chromatograph) 

1 ppm 
5 ppm 

10 ppm 

(Autoanalyzer) 

1.5 ppm 

3.0 ppm 
9.0 ppm 

15.0 ppm 

Calculated 

1.0 

5.0 

10.0 

1.5 

3.0 

9.0 

15.0 

Determined 

1.07 

5.10 

10.4 

1.63 

2.93 

9.23 
16.4 

All dilutions based on a standard containing 1000 mg/l S 
and 100 mg/l N. 



TABLE 5-10 

SULFATE ANALYSIS (llequ/l ) 

Ion Chromatography 

Sam21e # Run I Run II Run III 

1701 25.0 25.2 24.9 
1810 33.1 32.8 
1803 48.0 47.5 
2205 110.2 111.6 
2226 120.6 121.3 
2317 116.6 231.5 229.8 
2315 130.6 129.0 

.. 
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I 
I 
I 

\ 

1 
i 

Sample # 

1879 

1701 

1630 

1885 

1803 

1810 

2235 

2315 

2296 

2317 . 

2205 

2205 

2226 

2226 

1810 

1803 

1701 

~ 

), 

TABLE 5-11 

ANALYTICAL COMPARISON, S04' ueqm/l 

AUTOANALYZER ( A ) VS. ION CHROMATOGRAPH (IC ) 

A 1 IC 

36.8 (62.4) 35.6 

13.7 (28.1) 25.0 

141.7 (177.2) 149.8 

70.5 (74.3) 76.8 

46.5 (48.7) 48.0 

49.3 (50~5) 33.1 

109.8 (107.3) 110.6 

109.8 130.6 

.142.2 153.3 

197.1 229.8 

119.8 (96.7) 11 0.2 . 

119 .8 (96.7) , 111. 6 

117.3 {117.9} 120.6 

117.3 (1l7.9) 121.3 

49.3 (50.5) 32.8 

46.2 (48.7) 47.5 

13.7 (28.1) 25.2 

% Variation 

-3.4 (-75.3) 

45.2 (-12.4) 

5.4 (-18.3) 

.8.2 (3.3) 

3.8 (-1.4) 

48.9 (-52.,6) 

0.7 (3.0)' 

18.9 

7.2 

.14.0 

8.7 (12.2) 

-7.3 (13.3) 

2.7 {2.2} 

3.3 (2.8) 

-50.3 (-54.0) 

2.7 (-2.5) 

45.6 (-11. 5) 

lVa1ue in brackets denotes a repeat analysis. 
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TABLE 5-12 

SULFATE~ SPLIT SAMPLES l 

Su1 fate ~ mg/l (as'S) 

Sample # 

2961 .96 .93 

2962 .99 .98 

2964 .78 .74 

2965 .75 .76 

1 LMI ~ 11-1 0-79-\~F spl it into 2961 & 2962 
SlW, 11-10-79-WF sp1 it into 2964 & 2965 
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TABLE 5-14 

REPLICATE ANALYSES 

Ni tra te (mg/l), reported as N 

95% Confidence 
Sample # Results X S slY: Interval 

2808 1.46, 1.62, 1.62, 1.564 0.055 .0352 0.046 
1 .58, 1.48, 1.58, 
1.54 

2807 1.54, 1.52, 1.40, 1.496 0.05 .0334 0.062 
1.56, 1.46 

2784 '0.85, 0.82, 0.82, 0.83 0.029 .0349 0.028 
0.86, 0.83, 0.82, 
0.84 

2783 0.84,0.83,0.87, 0.88 0.045 .0511 0.044 
0.87, 0.93, 0.94, 
0.88 

2746 0.17, 0.19, 0.19, 0.19 0.018 .0947 0.029 
0.21 

2748 0.22, 0.22, 0.22, 0.23 0.016 .0696 0.02 
0.28, 0.22 
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TABLE 5-15 

STANDARD ADDITIONS 

Nitrate (m~, reported as N 

Sample # X S Found Expected 1 

2784 0.83 + 0.029 1 .36, 1 .44, 1.415 
1.44 ) 1.44 

2746 0.19 + 0.018 1.16,1.14, 1.095 
1 .12, 1.08 

1 Based on addition of 1/2 .volume of each sample to 1/2 volume 
of 2.0 mg/1 standard, respectively. 
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TABLE 5-16 

EPA-QUALITY CONTROL SAt'lPLES 

Nitrate (mg/l). reported as N 

Autoanalyzer 

O. 11 + O. 0051 

0.387+ 0.01 2 

Variability 

0.046 

0.026 

1 Based on five separate analyses. 

2 Based on seven separate analyses. 
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Reported Value 

0.11 

0.38 

EPA # 

EPA-Nl 

EPA-N2 



TABLE 5-17 

STANDARDS: NITRATE (ppm) 

Nominal Concentrations Calculated Determined 
(Ion Chromatograph) 

1 ppm 1.0 0.94 

5 ppm 5.0 4.93 

10 ppm 10.0 9.82 

(Autoanalyzer) 

2.0 ppm 2.20 2.40 
4.0 ppm 3.43 3.53 

9.0 ppm 6.87 7.05 

13.0 ppm 10.3 10.9 

All dilutions based on a standard containing 1000 mg/l Sand 
100 mg/l N. 
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TABLE 5-18 

NITRATE ANALYSIS (].lequ/l } 

Ion Chromatography 

Sample # Run I Run II Run III 

1101 1.9 5.9 8.7 

1810 22.9 20.1 
• 

1803 25.7 25.0 
2205 . 82.6 83.1 
2226 20.1 20.5 
2317 103.7 99.2 94.5 
2315 92.6 90.8 
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TABLE 5-19 

NITRATE, SPLIT SAMPLES' 

Ni tra te, mg/l (as N) 

Sample # 1 2 
2961 .66 .66 

2962 .66 .67 

2964 .56 .53 

2965 .54 .54 

1 LMI, 11-10-79-WF split into 2961 & 2962 
SLW, 11-l0-79-WF split into 2964 & 2965 
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TABLE 5-20 

REPLICATE ANALYSES 

Ammonium (mg/l), reported as N 
95% Con-
fidence 

Sample # Resu1 ts X S SIX Interval 

2808 1 .72, 1.7 4 ~ 1. 72 ~ 1.736 0.055 .0317 0.051 
1.75,1.73,1.76, 
1.73 

2807 1.72,1.74,1.72, 1.724 0.050 .0290 0.062 
1.72,1.72 

2784 0.25, 0.22, 0.23, 0.23 0.015 .0652 0.014 
0.25, 0.22, 0.22, 
0.22 

2783 ... 0.30, 0.29, 0.29, 
0.32, 0.34, 0.31 

0.31 0.02 .0645 0.021 

2746 D.D8, 0.09, 0.09, 0.09 0.015 .1667 0.019 
0.11, 0.08 

2748 0.10,0.10,0.10, 0.11 0.032 .2909 0.034 
0.13,0.10,0.14 
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Ammonium 

Sam~le # 

2784 

2746 

TABLE 5-<21 

STANDARD ADDITIONS 

(mg/l}. reported as N 

,X <Found 

0.23 + 0.015 1.10. 1.10, 
1.16, 1.12 

0.09 + 0.015 1 .06, 1.06. 
1 .05, 1. 05 

Expected 1 

1.115 

1.045 

1 Based on addition of 1/2 volume of each sample to 1/2 vo1ume 
of 2.0 mg!l standard. respectively. 
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TABLE 5-22 
EPf\-QUf\LTIY CONTROL SAMPLES 

Ammoni urn (NH4) ~ (mg/l). reported as N 

Autoanalyzer Va ri abi 1 ity Reported Value 

0.212 + 0.01 1 0.05 0.23 

1.537 + 0.0442 0.028 L59 

1 Based on five separate analyses. 

2 Based on seven separate analyses. 
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EPA-N2 



TABLE 5-23 
IMTERCOMPARISOM OF ANALYTICAL TECHNIQUES 

Autoanalyzer vs. Ion Chromatograph 

Chloride (mg/1)' 

Sample # Autoanalyzer4 Ion Chroma togra ph 

2919 0.26 0.26 
2917 0.165 (0.17) 0.17 

2884 0.095 (0.08) 0.085 
2884 0.295 (0.255) 0.255 
UVA-42 -

0.73 0.37 
EPA-II 3 19.78 + 0.89 24.2 

% Deviation 
from Mean 

0 

1.5 
5.6 
7.3 

not computed 

1 Separate standards (prepared from one common standard) were 
used to prepare the calibration curves. 

2 Samp1e was slightly ye110w and contained suspended orange-brown 
solid matter. 

3 This sample was run without dilution to check on the linearity 
of the methods; the reported concentration was 18.4; the result 
shown under the autoanalyzer column is the average of 5 runs. 

4 Duplicate analyses listed in brackets. 
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TABLE 5-24 

CHLORIDE, DUPLICATE ANALYSIS (AUTOANALYZER) 

Ch 1 ori de, mg/1 

Sampl e # 1 2 

2800 .150 .135 
2840 .165 .230 
2841 .180 .150 
2843 . .265 .255 
2844 .240 .295 
2845 .260 .220 
2846 .180 .150 
2847· .340 .295 
2854 .650 .555 
2856 .630 .645 
2857 .320 .260 
2860 .190 .120 
2881 .180 .160 
2882 .205 .210 
2883 .095 .095 
2884 .095 .095 
2885 .320 .165 
2886 .240 . .240 
2887 . 215 .250 
2902 .120 .115 
2903 .090 .105 
2904 .140 .130 
2906 .115 .11 0 
2915 .210 .185 
2916 .140 .160 
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TABLE 5-25 

DUPLICATE ANALYSES (ATOMIC ABSORPTION) 

Calcium (mg/l) 

Sample # 1st Analysis Repeat % Deviation from Mean 

2212 0.30 0.33 4.76 
2203 0.25 0.25 0 
2244 0.28 0.26 3.70 
2214 0.34 0.37 4.23 
2275 0.12 0.10 9.09 

2189 0.19 0.23 9.52 

2220 0.23 ' 0.19 3.45 

2236 0.15 0.14 3.33 
2315 0.67 0.62 3.88 
2296 2.15 2.07 1.90 
2192 2.39 2.60 4.21 

2330 3.40 3.31 1.34, 
2209 2.60 2.76 2.99 
2321 2.13 2.09 0.95 
2348 1.65 1. 71 2.17 

First analyses were performed over the period of 5/2 - 6/12/79; 
all repeats were run on 6/12/79. 
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TASLE 5-26 
DUPLICATE ANALYSES (ATONIC ABSORPTION) 

~~aJl!les i um (mg/l) 

Sample # 1st Analysis Repeat % Deviation from Mean 

2327 0.097 0.115 8.49 
2291 0.075 0.095 11,76 
2213 0.064 0.10 20.00 
2323 0.165 0.17 1.49 
2295 0.158 0.142 5.33 
2204 0.03 0.046 21.05 
2130 0.026 0.025 1.96 
2174 0.046 0.06 13.21 
2273 0.02 0.03 20.00 
2274 0.012 0.029 41.46 
2178 0.195 0.186 (0.191) 2.36 
2193 0.046 0.062 (0.058) 15.38 
2203 0.026 0.064 (0.044) 42.22 
2186 0.270 0.325 9.24 
2276 0.325 0.295 4.84 
2190 1.12 0.71 22.40 
2126 1.17 0.75 21,88 

2125 1. 32 0.83 22.79 

First analyses were performed over the period 3/30 - 5/31/79; 
repeats were run on 6/13/79. 

Values in brackets are triplicates. 
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TABLE 5-27 

TRIPLICATE ANALYSES (ATOMIC ABSORPTION) 

Sodium (mg/l) 

Sample # 1st Analysis Duplicate Triplicate 

2078 0.052 . <0.01 0.027 

2088 0.186 0.15 0.15 

2090 0.116 0.085 . 0.088 

2093 0.184 0.14 0.16 

2094 0.23 0.175 0.185 

2027 0.122 0.102 0.09 

2114 0.10 0.155 0.14 

2130 0.16 0.11 0.11 

2135 0.158 0.165 0.146 

2174 0.082 0.067 0.083 

2178 0.144 0.17 0.173 

2213 0.15 0.177 0.189 

2273 0.044 0.03 0.039 

2274 0.062 0.038 0.043 

2327 0.123 0.105 0.13 

2341 0.01 0.014 <0.01 

First analyses performed during 3/9 - 6/1/79; duplicates on 
6/14/79; trip1icates on 6/21/79. 
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Sectton 6 . 

DATA REDUCTtoNAND MANAGEMENT 

An extensive database was created 5.ytne ope-rattonof tile preetpttation network. 

Management of tni's data Base 1S factl ttated' By two' computer hardware systems. The 

remote system~ located at the main analy~tcal laBoratory at Gull Bay, Lake George, 

New York, is a Data General Min,icomputer. Thts system includes a NOVA 3 Central 

Processor, a Model 6045 disk drive,'an analog to digital convertor~ a Dasher Print

er and a video Dasher terminal. The software was wri'tten in the BASIC 1 anguage. 

The base system, l.ocated at, Renss'elaer Polytecfllllc I'nstttute, in Troy, New York, 

i ne 1 udes an IBM 370 Model 3033 with four megaBytes of memory, 333"0- and 3350-type 

di sk drives and 3420-type 9 track tape drives. The software is the Mi chi gan 

T ermi na 1 Sys tern. (MTS) • 

The database is divided into three parts; Col1ection~ field and chemistry data. 

Collection data originate in the Field Log and Field Lab Log. A single entry 

cons; sts of the fo 11 owi,ng: 

1. Sample identification number (1000 to 9999) 

2. Site of Sample 

3. Date and time of initiation of the sample 

4. Date and time of collection 

5. Type of sample (wet, dry, bulk, through.fa11) 

6. Solubility of sample (soluhle,insoluble) 

7. Inches of precipitation in the standard ratn gauge 

8. Volume of the s'ample 

9. Type of precipitatton' 
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Field data originate in the Fteldt.ab.t.og onlY_ A single entry consists of th~ 

following; 

1. Sample tdenttftcatton number 

2. SHe 

3. Da te of collect torf 

4. Type 

5. Sol ub:il tty 

6. pH and conductivity measurements made at the'fte.1dlao during sample 
process'ing 

A copy of both collection and ffeld data are tran.sm1ttedto tnelab at Lake George. 

This is done at approximately two'weeRintervals~ along with the samples for that 

period. 

Chemistry data originate at tfie'la5.Resultsof tne' sample analyses are coded 

onto individual Sample Log Sheets, one sheet per sample. These cliemistry data 

are placed tnto a file in ~he Data General miriicomputer.~ Tt1i's is done at the 

terminal, by lab personnel, using a data fnput program. A single entry consists 

of the following: 

1. Sample identification number 

2. Site 

3. Date of collection 

4. Type 

5. Solubility 

6. pH 

7. Conducti,vity 

8. Acidi,ty 

9. The ion concentrattons (tnmtcroequiVQJents: per ltter) 

10. A short comments secti'ori'conterntngeacn ton'analysts 
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The field data are also input to themi.nicomputer.All the parameters listed 
- -

ear-l ier as, belongi.ng to a s:tngl e, entr,y are tnput at the terminq 1 us,tng a 

different data tnput program. 

U~ing the Data Generalmi:m".'Computer sys;tem lao re.r.sonnel ina./" create an easy to 

read printout, of all data, at tfle Dasher' printer. Thts pdntout is compiled from 

the merger of both the chemtstry and fteld data files using tne following para

meters common to Dotlt ftles but unique,t? each entry: Sample tdentification nwn"", 

ber, Site, Collection date, Type and Soluoiltty., Tfiese parameters make up an 11-

character identificattoncode (e.g.'BMA051179WS). Using this pri'ntout each entry 

may be double checked wi-th the Sample Log Sneets and the ftel d Log before being 
finalized. The program which compilestnis pri'ntout also computes ion ratios for 

each sample amllyzed. , ThiS, ratio flags analyses whi'cn may oe in error andshould 

be rechecked. 

Software also exists on the minicomputer'system to:' ed1t data files; record all 
edit corrections made; find blanks in data entries;' convert oetween micro

equivalent per liter and mtll igrams per liter; quickly list the data on the 

vi sual terminal; prepare a pdntout wi'th neadi,ngs •. 

Prior to implementation of the Data General NOVA 3~ in June 1979, collection and 
field data, in the form of copies of the Field L()gand Field Lab log; and chem-
i stry data. in the form of the Sample Log Sheets, were transported directly from 
the lab to RPI in Troy, where the information was punched onto data cards and 

entered onto disk files on the IBM system. 

Since June 1979 collection data are still keypunched in this manner. However, 

chemi stry and fiel d data are carded on a transportabl e Data General disk. The 

data are 80 byte per entry (80 characters per line) cardtmage files written in 
the Ameri can Standard Code for Information lntercha,nge (ASCII). The disk is taken 

to a local computer corporation which possesses the hardware and utility programs 

necessary to copy the data files to IBM compatiole 9-track magnettc tapes. Here 

the chemi~try 'and collection data fi,les are copied onto tape at 800 bytes per inch. 
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Toe9-track tape ~y tfte.nfiemountedontothe.·RPI: base. s:.ys.tem~the IBM 370" and 

the i.nfQrmatto~·· transJerre.d· to . permanent card. ,image' dts·kftie.s-. ··M.agn~ti~· tape 

ts th.e mode of cOrmlunicatton oetween RPI and the. data pool :for' tne entire Inte-

. grated lake Watersh.ed Actdtficati'on' Study, at Tetra Tech tn Caltfornia. 

The IBM 370 provides two: tnteracttve software pacK.ages for d(lta. handling and 

analysis which are currently oei.ng used' on' thJs dataoase ... Ta,xir is an infor

mati'on storage and retrieval system wfitcn categorizes and' names da~a p~r.ameters, 

merges files, and enaBles the user to Tsolate . any' part of hi's data .. Taxi.r 

a 1 so provides an interface to the second pacKage, . MIDAS (Michigan Interactive 

Data Analysis System), which enao1es theuser to performartthmetic operations, 

visualize graphically, and perform varied staUstical analysts upon data 

parameters. 

Precipitation Data Reduction 

A continuous record of precipitationi5- made at each rain gauge by a moving pen 

on a 12 inch dual transverse 192 hour Universal Rain Gauge Chart (Bel fort In

strument No. 5 - 4046 - B). Tlie reading and input of hourly rain data into a 

computer system has been compl~tely automated by utiltzing a Houston Instruments 

Model X-V Strip Chart Recorder, a potentiometer and software on the Data General 
NOVA 3 minicomputer. 

The strip chart recorder is used to scan each chart, moving evenly across the 

chart from the start of the weekly record to the end. A potentiometer is 

connected to the recorder and to the analog/digital convertor of the NOVA 3. 

The potentiometer varies the voltage from a battery pack between +5 volts and 

-5 volts. As the user controls ft to traceout the li.ne made on the rain chart, 
a BASIC program, put into operation at the start of the chart recorder's scan" 
causes the NOVA 3 to sample and record thevarying voltage at it's AID con

vertor between 2000 and 5000 times during tne·scan. Within the program this 

databank of v~l tage records- from tne AID, convertor ts averaged down unttl the 

number of voltages recorded equals thenum5erofltour~covered on the rain chart" 

from the start of th.echarts operatton in toe fiel d to tne ttme the chart was 
"... .".. . 

picked up_ A subroutine of'tfle program prompts the.us-er to input the date and 
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time of tbe sta,rt and fi.nts.h. of each.' rai,n. chart "s.racQr,d .. 
tbe. numQer' of' hours;, coye.re.d . 5¥'. tfle. re.cQrd. 

Tl1e'~rQgram computes 
. . 

The. di.fference fi'etw~en an.¥.' tw.o. adjacent -vo 1 t~ges: recorded'mar be converted oy 
a linear factortnto tnche~ ofpre.ci.pi:ta.tton~ Si.nce. tllese recorded volt,age.s 

have. been aver,aged to correspond to hourly' pOints an' toe' ratn chart they may 
h.e converted to rnches: ofprectpttattanfalHng eaen. flour • 

. This data is then savedon'a di'sR fi'le wttfitn tIle mtntcomputer< Each entry 

consists of the followtng: 

1. Month 

2. Day 

3. Hours (this isa from~to record~ for' example, 10-11 corresponds to 
10:00 to 11:00 a.m.)' . 

4. Precipitati'on that hour Un tndles:) 

5. Total precipitation for the day, up to that point 

"Year" has not been implemented as a variable tneach entry because~ thus .. far, 

this procedure has been used exclusively for 1979 rain charts. 

All entries where the precipitation for that hour does not equal 0.0 are 

printed at the Dasher Printer at the same time they are written onto the disk 

file. This allows the user to scan the precipitation record for abnormalities. 

which may have ovvured while he was tracing the chart. A provision has been 
made for the user to cancel that section of his data and reread the chart. 

Thts system~ which involves the union of computer software with computer and 

machine hardware, will detect as little as 0.01 fnches of precipitation (0.01 

inches of vertical movement of tne pen Hne on tne ra.tn chart}. l't will in~ 

dt.cate the start of a pre.ci'pttati'on event to witl\til + 1 hour. If the total 
precipitation recorded from the start of tfie ratn cI'tart ts re.cord to the end 

• .~ <' 

; s read by eye, th; s' automated system \dll approxi:mate that numf5er to wi'thin 7%. 
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Section 7 

DATA 

WET PRECIPITATION - RAIN AND SNOW QUANTITIES 

Both rain and water equivalents for snow were measured at each station in the 
standard rain gauges. Rain gauge charts were read hourly and these data are 
available on computer tape (not included in this report due to space limitations). 
Hourly inches of prec,ipitation were summed from event start time to sample 
collection time to get event total inches of precipitation •. These data are listed 
in the raw data in Appendix E for each site and collection period. A frequency 
distribution for all precipitation events is shown in Figure 7-1 and the log 
frequency of inches of precipitation is showri in Figure 7-2. 

Vo 1 ume in mi 11 i 1 iters, of each sample collected duri ng these events; along wi th 
precipitation type are also listed in the data tables for each site (Appendix E). 
Figures 7-3 and 7-4 show a volume frequency distribution and the log of volume 
frequency distribution. 

Event precipitation data were summed by month, converted to centimeters, and shown 
in Table 7-1. The four closest NOAA precipitation sites, Big Moose, Eagle Bay, 
Stillwater Reservoir and Old Forge monthly totals are also listed for comparison 
in this table. 

Wet Precipitation - Co1lection and Chemistry 

The results of the indivi9ual events are presented in Appendix E. The data are 
arranged in col umns with the following headings: 

, 
Site .D. 

Start, M/D/YR, I-lR On this date and hour, a clean sample bucket was placed 
into the field. 
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TABLE 7-1 

PRECIPITATION (em) FROM RAIN GAUGES AND NOAA SITES 

Month RPI Sites NOAA Si tes 1 

BMA I LMO SLE SLW l1LE WLlv BM EB SvJR OF 

4/78 8.61 6.43 6.48 7.90 8.38 8.89 6.35 8.56 5.99 
5 8.28 5.79 5.94 5.56 7.37 7.06 7.59 4.90 13.92 5.84 
6 10.52 7.54 7.37 6.32 7.01 8.64 11.10 11 .30 6.85 13.03 9.57 
7 7.87 5.23 4.95 6.38 6.73 7.85 6.78 8,.46 . 3.99 5 • .(51 5.43 
8 11.63 10.87 10.54 8.71 9.45 9.78 9.27 " 9.98 10.34 10.56 10.69 
9 11.24 12.68 12.75 11.63 10.31 10.90 11.13 13.79 14.83 12.80 13. '38 

10 13.26 11 .71 10.24 8.61 6.50 ' 11 .60 11.84 ' 10.80 11.12 ' 10.36 10.94 
11 6.81 ' 7.1 G - 7.09 4.27 4.19 5.71 6.02 6.30 5.56 4.06 6.14 

-....! 12 14. 1.7 13.01 12.47 10.16 ' 9.96 12.09 15.49 16.48 12.29 10.34 11.32 
I 1/79 19.43 16.50 16.74 13.08 16.50 16.80 19.84 15.16 13.66 15.6'+ 0"1 

2 5.92 5.66 5.77 4.06 5.05 ' 5 • .31 6.65 5.84 4·.06 8.12 
3 1 2.53 11.00 11.46 9.32 10.67 10.72 11.91 11.79 9.7-8 9.88 9.27 
4 13.69 11.35 10.80 6.81 9.73 9.07 9.53 13.99 10.33 12.16 
5 11 .84· 10.06 8.74 10 . .06 5.53 11.63 14.50 9.60 7.4-4 8.05 9.39 
6 2.69 2.90 3.42 2.26 1 .30 1.83 2.97 3.4·0 3.17 2.41 2.84 
7 4.83 6.22 5.64 6.53 5.61 3.81, 4.88 3.83 6.02 4.72 7.01 
8 18.53 19.28 22,30 16.69 17.27 19.71 19.33 11 .94 16.33 15.57 16.84 

1 61>1 :: Bj 9 Moose 

EB = Eagle Bay 

SWR = Stillwater Reservoir 

OF = Old Forge 



Collection, M/D/YR, HR Collection of the wet precipitation took place on 
this date and hour and in most instances precipitation occured in the pre
ceeding twenty-four hour period. 

T,S T stands for type of sample, where W=wet, D=dry, T=total, F=throughfa1l, 
S=snow core. S characterizes type, where I=insoluble, s=soluble and 
U=unfi1tered. 

Preci itation First sub-column lists inches of rain (or water equivalent 
for snow from the standard rain gauge. Second sub-column lists the actual 
volume of precipitation collecte'd in standard sample bucket. PT sub-column 
1 ists type of precipitation as R=rain, M=mixed, S=snow. 

Field Field pH and conductivity, llmhos 

Lab Analytical laboratory results for same parameters. 

Concentrations These eight columns give concentrations of individual ions. 

Table 7-2 summarizes results for concentrations of ions measured, where N represents 
the total number of samples on which the ana.lysis was performed. 

Total Fall 

Total fall or bulk samples were collected in the open at the BMA station from 
January 1979 through August 31, 1979, and from June, 1979 to August 31, 1979, at 
the .WLW Station. Details of the collectors are described previously in the report. 

Bulk samples were collected on the same schedule as wet samples, Bulk samples in
clude atmospheric particulates collected during the dry period, as well as the 
precipitation. Figures 7-5 to 7-10 show the ionic concentrations of H, 5°4, N03, 
C1, NH4 and Ca in total fall event samples, collected at the BMA Station. 

Throughfall 

Throughfall was sampled under a Hemlock stand at the BMA Station from January 1979 
through August 31, 1979. Details of the collector are described previously in the 
report. Throughfa 11 samp 1 es were co 11 ected when the wet samples were co 11 ected. 
Throughfall c~llectors received intercepted,precipitation and Figures 7-5 to 7-10 
show the ionic concentraUon ofH, SC4~ N03, Cl, NH~' and Ca in these samples. 
Tables 7-3 and 7-4 provide statistical summaries of total fall and throughfall ion 
concentrations. 
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TABLE 7~2 

WET FALL - ALL IONS 

Loq Variable 'N Minimum Maximum Mean S. D. Skewness Kurtosis S.D.% S. D. % 
(ueq/1 ) :!:,1 ±2 

H 978 .28000 2.6500 1.7692 .40211 ::. ~682 .330 72.5 95.1 

S04 963 -.22185 2.7774 1 .7257 .43005 -.585 .390 66.4 97.2 

N03 957 ":.15490 2.3939 ' 1.4603 .42196 .,..804 .859 71.5 95.2 

Cl 953 -.52288 1 .7152 .64264 .35206 ... 080 -.343 64.4 96.3 

NH4 962 -.15490 2 .• 3336 1.1078 .53722 -.588 -.288 65.5 94.6 

Ca 954 -.30103 2.1163 1 .0471 .35778 -.001 ... 132 67.7 95.5 

'-I Mg 943 -.52288 2.2148 .50631 .38585 .536 .672 67.9 98.6 
I 

00 Na 939 -.39794 1 .6637 .62749 .34096 .037 . -.169 68.0 95.9 

K 934 -.52288 1.6580 .26833 .34520 .276 .728 71.9 94.7 

, , 
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TABLE 7-3 

TOTAL - ALL IONS 

Log Variable N Minimum Maximum Mean S.D. Skewness Kurtosis 
(ueq/l ) 

H 167 -.89999-1 2.5000 1.6570 .44450 -.698 .890 

S04 167 .79181-1 2.5210 1 .7065 .43834 . -.733 .554 

N03 167 .32222 2.4195 1.5124 .44166 -.470 -.221 
Cl 167 -.52288 1.6201 .63972 .41082 -.418 .073 

NH4 167 -.15490 2.2191 1 . 1591 .53103 -.572 -.076 
Ca 166 .27875 1.2914 1.2176 .40590 .249 -.357 

-....J 
.1 Mg 167 -.15490 1.6314 .64865 .36678 .088 -.448 --' 

(J"1 

Na 163 -.30103 1.6513 .66203 .34247 .023 -.30"1 

K 164 -.52288 1.5353 .42775 .40277 .289 .129 

., , 



TABLE 7-4 

THRUFALL - ALL IONS 

Log Variable N Minimum Maximum Mean S.O, Skewness Kurtosis 
(ueqll) 

H 81 .87000 2.4900 1.8544 .35548 -.605 .118 
S04 75 .74819 2.7972 1 .9418 .50489 -.573 -.585 
N03 75 .46240 2.3479 1.5708 .41666 -.406 - .133 
C1 76 -.15490 2.2986 1.1180 .47993 -.382 -.178 

NH4 76 -1. 0000 2.1981 .73881 .61901 -.258 -.257 
Ca 67 

"""" 
.39794 2.3183 1 .5110 .50447 -.348 -1 .031 

.I Mg 63 -.96910-1 2.5488 .90881 .56031 .103 -.222 -' 
0'\ 

Na 62 .79181-1 1 .3502 .78231 .30226 - .171 -.414 
K 58 -.52288 2.2828 .88461 .73536 -.066 -1 .142 

, , 



Dryfall 

A total of 245 weekly dry samples were collected from 28 March 1978 to 
28 December 1978. The number of samples collected at each site were: 

Site SMA 

Number of Samples 38 

LMI 

37 

LMO 

29 

SLE 

30 

SLW 

36 

WLE 

36 

WLW 

39 

Collection stations at LMO and SLE were inoperative until late May .. Occasionally~ 
mechanical problems with equipment and inclement weather prevented sample 
collection at some sites. Dryfall sampling was discontinued at all sites except 
WLW at the beginning of 1979. Thirty four samples were collected at WLW from 
2 January to 10 September 1979. 

Dryfall samples were extracted with 0.50 liters of deionized water~,filtered and 
analyzed for the same components as the wet samples. Concentrations of ions were 
converted to loadings using the area of the collection bucket. The calculations 
are summarized in Appendix F. 

Conductivity, pH and ionic concentrations C~leq/L) are 1 isted for all dryfall 
samples in the raw data in Appendix G. Conductivity and pH are properties of the 
dryfall solution, and therefore must be used with care; H equivalents are ob
tained from the pH measurement. Dryfall increased the conductivity of the rinse 

. , 

water from 3.2 llmhos/cm to 7.3 llmhos/cm (median value) and decreased the mean 
pH from 5.40 to 4.87 .. This indicates that dryfall is slightly acidic. 

Loadings for the various ions had a large range and were quite variable. 
Standard deviation were equal to or greater than the mean for several ions. 
Mean ion loadings were greater than median values. A listing of descriptive 
statistics for dryfall parameters and ion loadings are gtven in Tables 7-5 and 7.6. 
Ion balances were calculated and cation to anion raUos compared for 'all 1978 

dryfall samples. Table 7-7 lists descriptive statistics for 1978 cation to anion 
ratios. Monthly loading for all ions and all sites for 1978 are listed in 
Tables 7-8 through 7-16 .. Monthly dryfall loadings co11ected at WLH are listed in 
Table 7-17. 
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TABLE 7-5 

DESCRIPTIVE STATISTICS FOR DRYFALL CHEMICAL PARAfvfETERS AND ION LOADING 

Chemical # of Standard 
Parameter Samples ~1inimum Maximum Median Hean Deviation 

Conductivity 245 3.1 50.0 7.3 9.73 Z~2 

pH 245 3.77 6.23 5.06 4-.87 0.40 

Ion Loadings C (lleq/m ) 

S04 244 23.4 875.9 204.4 235.1 . '101 .0 

NO 3 243 3.1 624.0 72.5 105.2 103.2 

C1 240 <3.1 211.4 13.3 26.0 26.2 

NH4 244 3.1 401.9 421 61.1 65.1 

Ca 245 <3.1 549.1 143.5 164.8 86.9 , 

Mg 245 <3.1 131.8 28.1 34.7 23.1 

Na 242 <3.1 141 .2 30.4 36.1 22.7 

K 244 <2.3 319.0 15.6 26.1 35.0 



TABLE 7-6 

DRYFALL - ALL IONS 

Log Variable N Mi nimum Maximum Mean S.D. Skewness Kurtosis $.0.% S.O.% 
(ueq/1 ) ±1 ±2 

H 316 -.23000 2.3700 .95503 .43179 '~ i 57 .424 71. 5 93.7 

S04 316 .47712 2.8285 1.4373 .28151 .733 3.634 77.7 95.9 

N03 314 -.39794 2.1547 1.0069 .38901 -.010 .645 71.0 95.5 

Cl 312 -.22185 1. 9128 .41513 .34145 1.302 1.790 81.4 96.5 

NH4 315 -.39794 2.0149 .72100 .444611 -.221 .101 72.4 96.2 

Ca 315 -.30103 2.4570 1. 2719 .27150 -.382 4.148 70.6 97.4 

"'-.J Mg 312 -.39794 1 .7076 .58771 .29847 .056 .594 70.6 95.3 
I 

--' Na 309 -.39794 1.5922 .61195 .28965 -.383 1 .431 72.5 95.8 \.0 

K 308 -.52288 1 .7917 .38812 .36422 .963 1 .301 73.0 94.8 

; , 



TABLE 7-7 

DESCRIPTIVE STATISTICS FOR CATION/ANION RATIO 1978 

No. of 
Samples Minimum Maximum Median . Mean Std Dev 

TOTAL 232 0.55 3.47 1.19 1.23 0.32 

Site 

BMA 36 0.57 3.47. 1.18 1.26 0.48 

LMI 36 0.68 2.34 1.22 1.24 0.36 

LMO 29 0 .. 57 1. 73 1.19 1.21 0.27 

SLE 28 0.82 1..74 1.26 J .26 0.24 

SLW 33 0.77 2.54 1.25 1.30 0.36 

WLE 35 0.85 1.63 1.15 1.19 0.21 
WLW 35 0.55 1.63 1.12 1.16 0.25 

Month 
April 18 0.71 2.55 0.94 1.01 0.40 

May 27 0.55 1.63 1.13 1.17 0.26 

June 22 0.57 1.71' 1.22 1.24 0.27 
July 30 0.76 2.22 1.18 1.26 0.35 

August 27 0.68 2.34 1.15 1.18 0.30 
Sept. 26 0.80 2.26 1.38 1.34 0.30 

Oct. 30 0.57 3.47 1.28 1. 33 0.47 

Nov. 28 0.80 1.90 1.28 1.28 0.23 

Dec. 23 0.99 1.53 1.16 1.20 0.13 
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Month 

April 

May 
~ 

June 

July 

August 

September 

October 

November 

December 

Table 7-8 

HYDROGEN LOADINGS 1978 

(eq/km2) 

BMA LMI LMO SLE -- -
6S7 233 

74 98 55 133 

140 166 222 392 

298 211 182 519 

500 1477 485 264 

404 713 317 591 

629 311 162 338 

346 658 495 469 

1418 1642 1140 893 

7-21 

SLW WLE WLW --
654 392 202 

174 154 .128 

264 343 273 

615 106 362 

557 576 725-

240 _ 374 354 

167 223 409 

327 40S 328 

568 100S 457 



Table 7-9 

SULFATE LOADINGS 1978 

Ceq/km2) 

Mont:h BMA LMI LMO SLE SLW WLE WLW --- --.~ 

-. April 1880 780 1279 1100 686 

May 1037 li31 359 725 1388 90S 991 

June 850 881 842 1014 679 936 671 

July 1178 897 1061 1022 1256 421 975 

August 1350 1802 1443 944 1092 1428 616 

September 1279 1193 952 1084 835 1030 998 

October 881 788 421 515 359 437 936 
, 

November 826 881 718 663 601 640 640 
':"; 

DecembeT 1272 1529 1178 741 764 1248 632 
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Table 7-10 

NITRATE LOADINGS 1978 

(eq/km2) 

Month BMA LMI LMO SLE SLW WLE WLW --.-
April 920 226 507 515 187 

May 218 250 218 312 273 445 . 304 

June 265 296 304 218 125 . 226 164 

July 476 640 . 569 359 195 125 421 

August 187 858 289 164 187 335 133 

September 351 491 382 374 444 281 320 

October 374 523 320 296 187 211 .343 

November 491 538 429 . 265 250 296 343 

December 1513 159.9 1217 967 913 967 398 
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Table 7-11 

AMMONIUM LOADINGS 1978 

(eq/km2) 

"-

Month BMA LMI LMO SLE SL11 lYLE' WLlI[ '-- -- --
April 632 179 421 406 133 

May 86 172 5S 250 491 117 117 

June 164 281 164 265 117 265 . 320 

July 351 226 117 218 94 23 117, 

.August 187 359 234 101 94 413 234 

September 211 281 203 289 421 250 296 

October 195 289 156 226 109 133 ,211 

November' 265 296 211 226 203 187 203 

December 460 616 491 296 273 468 62 
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Table 7-12 

CHLORIDE LOADINGS 1978 

(eq/km2) 

Month B:r-.1A LMI LMO SLE SLW WLE WLW -.- --
April 264 246 169 300 300 

May 161 119 95 133 295 87 328 

June 113 83 79 . 64 61 101 .72 

July 90 70 55 46 92 33 74 

.August 72 51 59 112 62 50 44 

September 88 72 69 87 81 58 62 

October 64 70 41 35 33 88 50 

November 44 44 44 44 44 44 44 

'December 179 260 143 .144 136 ' 161 88 
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Table 7-13 

CALCIUM LOADINGS 1978 

(eq/km2) 

Month BMA LMI LMO SLE . SLW WLR WLW -- -- -_. 

April 1154 413 546 835 616 

May 718 874 445 499 741 601 562 

June 881 718 655 515 296 468 445 

July. 1217 1264 975 1100 679 343 679 

August 796 1287 928 523 476 593 491 

September 866 1084 920 538 819 647 632 
'.~'" 

October ·624 655 421 374 281 374 452 

November 803 640 56~ 312 351 374 390 

December 928 1123 889 616 725 842 483 
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Table 7-14 

MAGNESIUlvI LOADINGS 1978 

(eq/km2) 

Month BMA LMI LIvIO SLE SLW WLE WLW -- --
April 78 70 78 70 39 

May 125 179 109 78 281 172 172 

June 164 148 234 179 125 140 109 

July 195 156 172 125 117 86 140 

August 140 203 172 218 109 133 117 

.' September 250 250 242 211 211 164 172 

October 78 125 94 78 62 70 94 

November 117 117 109 70 78 94 101 

December 187 242 195 133 148 164 101 
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Table 7-15 

SODIUM LOADINGS 1978 

Ceq/km2) 

Month ' ". BMA LMI LMO SLE SL1\1 WLE 1'1L1'l " -- -"- --
. April 287 101 148 195 148 

May 187 156 6t 164 172 320 234 

June 195 133 94 140 109 179 195 

July 140 55 133 133 78 70 195 

August 179 179 140 117 125 172 140 

September 156 234 140 164 148 148 86 
:.,~ 

October 86 101 62 62 62 164 86 

November " 101 125 94 101 125 86 94 

December 242 289 187 187 187 179 156 
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Table 7-16 

POTASSIUM LOADINGS 1978 

(eq/km2) 

Month BMA LMI LMO SLE SLW WLE WLW 
-~ --

April 117 62 62 164 62 

May 117 242 203 195 577 242 413 

June 211 172 109 187 156 164 195 

July 179 47 62 78 94 39 62 

August 86 117 70 78 S5 94 62 

September 94 ·62 47 47 47 70 62 

October 94 5S 70 70 86 94 62 

November 39 47 39 39 39 47 47 

December 78 78 47 47 62 62 47 
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TABLE 7-17 

WLW LOADINGS 1978-1979 
I) 

(eq/kmt-) 

Month S04 NO 3 C1 , H NH4 Ca Mg Na K 

4/78 686 187 300 202 133 616 39 143 62 

5 991 304 323 128 117 562 172 234 413 

6 671 164 72 273 320 445 109 195 195 

7 975 .. 421 74 362 117 679 140 117 62 

8 616 >133 44 725 234 491 117 140 62 

9 998 320 62 354 296 632 172 86 62 

10 936 343 50 409 211 452 94 86 62 

11 640 343 44 328 203 390 101 94 47 

12 632 398 88 457 62 483 101 156 47 

1/79 710 840 13~ 887 128 335 76 186 57 

2 239 317 51 336 55 151 42 9 il 25 

I 3 1056 818 164 472 223 1020 175 196 54 
1 
I 4 1470 791 151 743 490 954 186 174 50 
I 
I 5 1910 1192 184 3236 692 799 280 163 300 
l 
l 
! 6 1265 306 101 1483 373 487 151 128 64 
l 

1 
t 7 1388 173 66 481 330 759 182 146 75 
J 
" 

l 8 594 290 51 654 183 498 117 105 66 

I 
~ 

1 
.~ 
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SNOW. CORES 

Bi-weekly snow cores we~e taken in the open and under coniferous canopies in each 
watershed. Depth of snow and water equivalents were measured and cores were 
chemically analyzed in the same manner as precipitation samples. Intensive snow 
cori n9 was done in all three watersheds before and after the spring thaw to deter
mine maximum storage and ion release rates. Raw data for both bi-weekly cores 
and intensives are listed in Appendix H. Statistics for all snow core samples are 
shown in Table 7-1~. 

Tables 7-19, 7-20, and 7-20 show the ranges, means and standard deviations for all 
three watersheds for the middle of february 1979 snow core intensive. This was 
the period of maximum snow storage. 

The data shmvs that snow cores are highly variable and that there are differences 
between open (deciduous included) and coniferous (mixed included) stands in ionic 
concentrations and ion storage. 

Tables 7-22, 7-23, and 7-24 show the same data for the second.snow core intensive. 
This intensive was done in late March after the first major thaw. 
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TABLE 7-18 

SNOWCORES - ALL, IONS 

Log Variable N Minimum Maximum Mean S.D., ' Skewness Kurtosis 
(ueq/l ) .. 

~ '" 

H 81 .35000 1.5800 1.1373 .34567 . :'.880 -.523 
S04 80 .62325 2.1069 1 .1373 .26488 1.109 3.295 
N0

3 
80 .32222 1.9365 1.1603 .28384 -1.000 1.092 

Cl 79 .41392-1 1 .3579 .70057 .32553 -.085 -.737 
NH4 . 80 .14613 1. 1959 .75231 .22473 ~.533 .237 
Ca 80 . 17609 1 .0000 .73673 .15807 -.559 .796 

"""-I 

.950 'I Mg 80 -.15490 .. 63347: .54345-1 .17985 1 .069 w 
N 

Na 80 -.39794 1 .3010 .57883 .36423 -.009 -.337 
K 80 . -.52288 1 .2201 .40525 .31548 -.636 1 .521 

" 
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TABLE 7,..19, 

MID-FEBRUARY SNOW CORE INTENSIVE - PANTHER 

Concentration (lJ€q/L) Open and Deciduous Stands 

Variable N Minimum Maximum Mean Std Dev 

S04 10 12.50 17 .50 15.84 1.61 

N03 10 25.00 30.70 28.07 2.35 

C1 10 .40 4.10 ,2.12 1.19 

NH4 10 .3.60 6.40 5.14 .79 

Ca 10 6.50 16.50 9.60 2.87 

.Mg . 1 10 1.48 ·5.60 2.61 1.19 

Na .. 10 1.65 9.48 3.56 2.53 

K " 10 .64 5.12 2.91 1.63 
... 

H 10 20.89 30.90 27.18 2.84 

Storage (eq/ha) 
H 10 34.27 71.05 57.72 13.86 

S04 10 17.05 44.45 34.18 9.88 

N03 10 31.11 72.64 60.36 15.82 

C1 10 .84 10.10 4.47 2.87 

NH3 10 6.22 14.04 10.95 3.01 

Ca 10 9.95 38.13 . 20.64 8.27 

Mg 10 2.66 11.80 5.58 2.85 

Na 10 3.03 14.67 6.99 3.78 

K 10 1.34 13.00 6.24 4.10 

Depth (in) 10 29.50 41.50 36.46 4.14 

In. Water 10 4.90 10.00 8.40 1.94 
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TABLE 7 .. 20 

MID-FEBRUARY SNOW CORE INTENSIVE - WOODS 
.. 

Concentration (~eq/L) Open and Deciduous Stands Coniferious and Mixed Stands 

Variable N Minimum Maximum Mean Std Dev N Minimum Maximum Mean Std Dev 

S04 16 11.90 29.90 17.15 4.15 i' . . '3 21.20 38.00 29.10 8.44 
N03 16 25.00 38.60 31.10 4.43 . 3 35.00 42.10 38.56 3.55 
C1 16 1.60 9.2.0 4.0.3 1.94 3 2.00 . 4.80 3.76 1.53 

NH4 16 2.90 8.60 5.50 1.81 3 6.40 7.90 7.13 .75 
Ca 16 5.50 21.50 11 .96 5.06 3 12.00 21.00 16.16 4.53 
Mg 16 1.48 .9.2,2 3.15 2.07 3 2.30 5.10 4.00 1.49 
Na 16 1.30 28.40 5.39 6.71 3 1 .3.9 7.83 3.91 3.43 

-...! K 16 1.53 32.00 6.05 7.75 3 4.60 14.30 11.00 5.54 'I w 
.j;::o H 16 1.41 37.15 22.86 10.20 3 20.89 27.54 25.32 3.83 

Storage (eq/ha) 
H 16 4.23 87.12 59.23 24.24 3 52.53 74.15 63.45 10.81 

S04 16 25.06 83.54 4.6.56 14.,98 3' 57 • .07 95.55 72.52 20.32 

N03 16 61.34 103.9.3 82.47 12.00 3 88.01 113.35 96.86 14.29 

Cl 16 4.05 22.90 10.81 5.33 3 5.38 12.07 9.28 3.47 

NH3 16 6.92 25.55 14.66 5.03 3 14.79 19.86 17.92 2.73 

Ca 16 13.13 60.07 32,.40 15.35 3 32.30 48.53 39.94 8.15 

Mg 16 3.5.3 25.76 8.32 5.41 3 6.19 12.82 9.89 3.38 

Na 16 3.30 79.35 14.92 19.01 3' 3.74 19.68 . 9.75 8.66 

K 16 .3.65 89.40 16.79 22.13 3' 12.38 35.45 26.96 12.68 

Depth{ i n) 16 26.80 49.00 41.56 6.57 3 31.00 42.30 38.10 6.18 

In. Water 16 6.90 14.00 10.60 1.87 3 9.10 10.60 9.86 .75 
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TABLE? ... 21 

MID-FEBRUARY SNOW CORE INTENSIVE - SAGAMORE 

Concentration (lleq/L) Open and Deciduous Stands , , Conifer;ous and Mixed Stands 
.t • ~ 

Variab1 e N Minimum Maximum Mean Std Dev N, Minimum Maximum Mean Std Dev 

S04 6 3.10 36.20 10.40 12.78 11 2.50 17.50 7.59 3.97 
N03 6 27.80 33.60 31.05 2.07 11 21.40 32.10 28.10 2.97 
Cl 6 1.69 6.77 3.66 2.00 11 ' .60 8.60 3.93 2.68 
NH4 6 .71 ,5.71 3.33 . 1.78 11 .70 12.90 3.50 3.46 
Ca 6 8.48 26.90 12.21 

'" 
7.21 11 7.98 17.00 10.80 2.62 

I Mg 6 1.15 4.28 2.19 1.28 11 .82 3.62 1.81 .84 (,oJ 
(J1 

I 

Na 6 1.30 5.96 3.39 2.20 11 O. 9.22 3.49 2.66 
K 6 .77 1.79 .1.36 .38 11 .51 11 .00 2.70 2.99 
H 6 21.87 36.30 28.72 4.74 11 16.98 31.62 25.07 4.40 

Storage (eq/ha) 
H 5 43.34 83.92 62.17 14.82 8 34.53 52.20 42.28 6,10 
S04 5 6.14 83.67 24.36 33.37 8 5.90 14.19 10.01 3.46 
N03 5 55.07 77.66 66.17 8.59 ' 8 37.86 58.84 45.77 7.15 
C1 5 3.34 12.71 6.60 3.67 8 2.32 17.69 6.67 5.02 ,. 

NH4 5 1.40 11.31 6.69 4.04 8 1.03 11. 74 4.38 3.85 
Ca 5' 18.78 62.17 27.82 19.21 8 14.82 34.97 18.80 6.68 
Mg 5 2.,27 9.89 4.31 3.20 . 8 1.35 5.92 2.76 1.72 
Na 5 2.57 12.45 6.62 5.04 8 . 2.69 18.96 6.21 5.60 
K 5 1.52 4.13 2.73 .94 

t , 

8 .84 9.21 3.19 2.61 
Depth (in) 6 33.00 34.50 33.50 .77 11 16.40 39.30 29.64 5.62 
In. Water 5 7.80 9.10 8.32 .71 8 5.70 9.30 6.68 1.32 



TABLE 7-22 
LATE MARCH SNOW CORE INTENSIVE - SAGAMORE 

Concentration (l1eq/L) Coniferious and Mixed Stands 

Variable N Minimum Maximum Mean Std Dev 

S04 19 .60 10.00 2.88 2.56 

N03 19 .70 25.70 11.28 5.67 

Cl 19 .20 8.46 4.12 1.84 

NH 4 19 .71 5.71 '1.95 1.55 

Ca 19 2.50 13.50 7.93 3.06 

Mg 19 .91 15.2.0 . 3.12 . 3.26 

Na , 19 .43 2.00 1.14 .44 

K '. 19 .77 4.7.60 5.62 11 .01 

H .: 19 3.80 20.89 12.54 4.39 

Storage (eq/ha) '" 

H 19 5.71 38.78 19.39 . 9.18 

S04 19 .73 11. 93 . 4.16 3.05 

N03 19 .83 . 33.41 17.34 9.16 

C1 19 .23 14.15 6.35 3.04 
~;. 

NH3 19 .77 8.37 2.97 2.45 

Ca 19 2.50 . 26.87 12.52 6.41 

Mg 19 1.18 22.39 4.63 4.79 

Na 19 .46 3.47 1.76 .83 

K 19 l.18 90.67 . . 8.80 20.28 

Depth (in) 19 8.70 27.70 16.62 . ·4.92 

In. Water 19 3.30 10.40 6.613 1.86 
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TABLE 7:-23 

LATE MARCH SNOW CORE INTENSIVE - PANTHER 

Concentration '{~e-qltJ> . Open and Deciduous Stands Coniferious and Mixed Stands 

Variable N Minimum Maximum Mean Std Dev N Minimum Maximum Mean Std Dev 
504 15 .60 6.90 3.10 2.42 6 .60 6.60 2.83 2. 02 
N03 15 2.60 20.00 8.05 6.07 6; 2.90 21.40 8.88 7.22 

,if ''; Cl 15 .28 7.05 3.98 1.69 6 .90 7.62 3.67 2.29 
NH4 15 1.18 6.53 4.11 1.67 6 1.43 4.28 3.31 1.03 
Ca 13 3.74 11.00 5.99 1.99 5 4.24 . 15.50 8.24 4.31 
Ng 13 .82 4.11 2.21 1.15 5 .99 3.70 2.38 1.29 
Na 13 .52 5.87 2.27 1.37 5 1.30 14.30 4.45 5.52 
K 13 ;77 9.21 3.64 2.67 5 1.28 4.60 2.17 1.42 

..... H 15 6.76 16.59 12.74 2.61 6 7.41 21 .87 13.50 5.18 I 
w 

Storage (eq/ha) ..... 

H 15 13.73 45.94 25.93 8.50 6 11.86 35.56 24.94 9.44 
S04 15 .97 18.92 6.62 5.83 6 .96 10.72 5.22 3.35 
N03 15 3.43 54.86 17.81 16.34 6 4.41 46.74 18.16 16.66 
C1 15 .49 14.83 8.31 4.30 6 2.03 .12.19 6.36 3.36 
NH4 15 2.75 17.91 8.17 3.80 6 2~79 9.34 6.15 2.34 
Ca 13 5.93 30.17 12.67 6.59 5 6.46 33.85 16.45 10.56 
Mg 13 1.45 .7.93 4.41 2.20 5 2.23 6.01 4.28 1.87 
Na 13 1.28 16.10 .' 4.95, 4.08 5 . 2.83 32.32 9.28 12.89 
K 13 1.36 18.01 7.30 5.11 5 . 2.50 7.47 3.89 2.03 
Depth (in) 15 15.30 31.70 24.05 4.78 6 17.00 25.70 21 .45 3.78 
In. Water 15 5.20 10.90 7.97 1.69 6 6.00 8.90 7.31 1.25 

., 



TABLE 7-24 

LATE MARCH SNOW CORE INTENSIVE - WOODS 

Concentration (lleq/L) Open and Deciduous Stands Coniferious and Mixed Stands 

Vari able 'N Minimum Maximum Mean Std Dev N Minimum Maximum Mean Std Dev 
S04 17 .60 15.00 3.88 3.08 10 ,1.90 10.60 4.13 2.89 
N03 17 10.00 22.80 15.24 3.36 ' " 10 6.40 25.70 14.91 5.64 
Cl 17 1.69 8.80 4.06 1.97 10 2.40 7.62 4.72 1.97 
NH4 17 .71 13.60 4.07 2.88 10 .71 7.14 2.71 2.09 
Ca 17 5.99 21.50 10.39 3.76 10 6.99 14.00 10.59 2.47 
Mg 16 .82 4.28 1. 75 .78 10 1.15 6.09 2.14 1 :52 
Na 17 .70 17.60 3.33 4.36 10 .96 4.09 2.26 1.06 

"'-J 
I 

K 17 .26 11.50 2.49 2.82 10 .64 5.88 1.96 1.56 
w H 17 2.45 19.95 14.16 4.13 10 7.07 ,20.89 13.67 5.01 00 

Storage (eq/ha) 
H 17 5.92 51.69 29.01 10.85 10 12.58 51.30 29.76 12.86 
S04 17 1.20 43.81 8.51 9.44 10 3.37 28.53 9.21 7.70 

, N03 17 14.13 66.59 31 .81 12.15 10 11 .37 69.19 32.85 16.10 
C1 17 4.15 24.71 8.46 5.64 10 "4.26 20.51 10.37 5.18 
NH3 17 .82 32.81 8.74 7.16 10 ' 1.26 19.22 6.22 5.63 
Ca 17 11.66 62.80 21 .91 12.45 10 13.67 37.69 22.91 7.11 
Mg 16 1.64 12.50 3.77 7 2.62 10 2.24 12.53 4.55 3.14 
Na 17 1.08 42.46 7.64' 11 .29 10 2.31 9.03 4.84 2.36 
K 17 .40 23.95 5.18 6.22 10 1.36 12.09 4.27 3.39 
Depth (in) 17 11.30 29.70 20.70 4.62 10 13.30 25.30 20.89 3.25 ' 
In. Water 17 4.60 13.30 8.13 2.05 10 7.00 , , 10.60 8.44 1.09 



Section 8 

DATA ANALYSES 

This section highlights and analyzes the data obtained for the atmospheric inputs: 

wet precipitation (rain, mixed, and snovJ) , bulk and thrufal1, dryfall, and snow 

cores and snow intensives. ~'lhereasin Section 7 the emphasis was on event data 

sets and only a bri ef summary of data sets, Section 8 examines both the data base 

as a whole and for trends and seasonal variations. 

Precipitation 

A cumulative frequency diagram for the log of each precipitation events is shm'lln "in 

table 8-1. Tables 8.:.1 and 8-2 show that the event volume frequency is also ap-
'~-I 

proximately log normal with a median of 501 milliliters. 

Daily rainfall was correlated for all RPI sites and the four closest NOAA sites 

.for the first seven months of the study and are listed in table 8-3. The Old Forge 

NOAA site was selected as the best predictor of the RPI sites on a daily basis . 

. Monthly precipitation data (from table 8-3) was correlated for the same eleven 

sites and correlations are given in table 8-4. The Old Forge site was again. 

selected as the best predictor and gave good correlation with all seven RPI sites. 

A comparison \lJas made to determine the relationship bettlfeen inches of precipita

tion (rain gauge) and milliliters of precipitation (precipitation collector). The 

results for all wet data are shown in table 8-5, \I/hich shows a corH:lation be

bJeen ml of precipitation vs.· inches of preCipitation (both in water equivalents). 
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TABLE B-1. 

CUMULATIVE FREQUENCY DIAGRAM FOR LOG INCHES OF PRECIPITATION 

~~-~"" " 
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TABLE 8-2 

CUMULATIVE FREQUENCY DIAGRAM OF LOG VOLUME COLLECTED 

CUMULATIVE SAMPLE DISTRIBUTION OF 
1 .. 00000 + 

LOG.VOL N= 983 OUT OF 1053 
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TABLE 8-3 

DAILY RAINFALL CORRELATION COEFFICIENTS 
Months 6-12, 1978 

BMA 1 .7102 .7495 .7477 .7544 .8439 .7956 .6579 .00,91 .5707 .1953 . ' 

LMI .7102 1 .9366 .8985 .8687 '. .8402 .8305· ., .7363 .1163 .8388 .2869 

LMO .7495 .9366 1 .9055 .8604 .8563 :8374 .7054 .' .0369 .8158 .2415 

SLE .7477 .8985 .9055 1 .9242 .8912 .8710 ~ 7.623 .0483 .8321 .2558 

SLW .7544 .8687 .8604 .9272 1 .8522 .8216 .7522 .0879 .7770 .2591 

WLE .8439 .8402 .8563 .8912 .8522 1 .9758 .7655 .0730 .7287 .2937 

co WLW .7956 .8305 .8374 .871 0 .8216 .9758 1 .7810 .0663 .7303 .2793 
I 

.p:. 
BM .6579 .7363 .7054 .7623 .7522 .7655 .7810 1 .2119 .8380 .5166 

EB .0091 .1163 .0369 .0483 .0879 .0730 .0613 (' .-2119 1 .2360 .6261 

OF., .5707 .8388 .8158 .8321 .7770 .7287 .7303 .8380 .2360 1 .4907 

SWR .1953 .2869 .2415 .2558 .2591 .2937 .2793 .5166 .6261 .4907 1 

B L L S S W W B E 0 S 

M M M L L L L M B F W 

A I 0 E W E W, R 
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1 

TABLE 8-,~ 

CORRELATION COEFFICIENTS (R) FOR SEVEN RPI-SITES AND FOUR NOAA SITES 
BASIS: MONTHLY CENTIMETERS OF PRECIPITATION 

BM 1.0000 
" ' . 

EB • 8128 1 .0000 

S\~R .7108 .7214 1.0000 

OF .8080 .9617 .7441 1.0000 

SMA .8874 .8815 .7957 .9100 1.0000 

un .7943 .9641 .7282 .9591 .9445 1 .0000 
en 
I 
tn LMO .7305 .9398 .7284 .9328 .9073 .9818 1.0000 

SLE .6145 .9019 .8023 .8876 .8456 .9271 .9215 1.0000 

SLW .7506 .13844 .7695 .8868 .8863 .9185 .9452 .8866 1 . 0000 

\tiLE .7824 . .8735 .7868 .8846 .9591 .9431 .9355 .9377 .8972 . 1.0000 

VJLW .8015 .8436 .• 7490 .8553 .9382 .9151 .8831 .8919 .8313 .9639 1 • 0000 

B~l EB SlllR OF BMA un LMO SLE SLW WLE WLW 

, . 
, , 



TABLE 8-5 

COMPARISON OF STANDARD RAIN GAUGE INCHES WITH PRECIPITATION COLLECTOR VOLUME 

Type of Number of, Correlation 
Precipitation Theoretical Correlated Observations Coeffi cient 

All 1626 ml/in 1661 ml/in 994 .982 

Rain " 1626 ml/in 1731 ml/in 703 .993 
, , 

SnovJ ~ 1626 m1/in 1188 in1 lin 172 .909 

Mixed 1626 m1/in ,1681 ml/in 100 .992 
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Based on the standard rain gauge; 1 inch of precipitation should give a theoretical 

volume of 1626 m1. The correlations showed a value of 1731 ml/in for rain which 

was 6.5% higher than theoretical. The correlated value for sno\'1 was 1138 mllin~ 

w.hich 'VIas 26.9% lower than theoretical. Calculated loadings were therefore based 

. on the standard rain gauge. 

Wet Precipitation - Chemistry 

In Table 7-2., Section 7!; it was shown that the concentrations for all ions were 
. . 

log-normally distributed on an event basis .. From these. results specific periods 

have been extracted and offer an interesting comparison. Tables 8-6 through 

8-17 provide the fol10wing information: 

Cumul a ti v~samp 1 e concentrations overt~le whole peri odfor' log H ~ " 1 og SO 4' 
and log NOj 

Cumulative distributions for the period June-August 1978 for the same ions 

Cumulative distributions for the period November 1978 - March 1979 

Cumulative distributions for the period June - l.\ugust 1979 

Note that the winter period distributions are shifted considerably for Hand S04 

versus the distributions observed in the summer, but that the nitrate concentra":': 

tions are distributed more uniformly. For easier comparison, the 50% values of 

the distributions from these figures for the various time periods have been sum-
. . . 

marized in Table 8;-18. Particurarly interesting are the. comparisons of the1978 and 

1979 sumrner periods. Distinct hydrogen and sulfate peaks occurred in 1978, but in 

1979 the concentrations reached only 50-60% of the values of the previous year. 

Nitrate appears to have been relatively constant, but in terms of % decrease be

tween the two periods showed a decline in concentration comparable to hydrogen • 

. In relative terms nitrate has been found to fluctuate far less across the nehvork 

(Table g-19) than hydrogen and sulfate. For December 1978 and January and Feb

ruary 1979 sulfate concentrations were lower (on an equivalent basis) than nitrate. 

Summer 1978 hydrogen and sulfate peaks did not occur at the same times; the con

siderably lower concentration of hydrogen in September was accompanied by a peak 

in the ammonium concentration; in the summer of 1979 the peak concentrations 
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TABLE 8-6 

CUMULATIVE SAMPLE DISTRIBUTION OF LOG H 
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TABLE 8-7 

CUMULATIVE SAMPLE DISTRIBUTION OF LOG4S0
4 

(May 1978 - August 1979) 
Wet Samp1 es, r = 0.971 
(N = 959 Out of 1051) 
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TABLE 8-8 

CUMULATIVE SAMPLE DISTRIBUTION OF LOG N03 
Wet Samples, r = D.9S 

-. 

(N = 953 Out of'1051) 
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TABLE 8-9 

CUMULATIVE SAMPLE DISTRIBUTION OF LOG H 
(June, July, August 1978), r = 0.970) 
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TABLE 8-10 

CUMULATIVE SAMPLE DISTRIBUTION OF LOG'S04 
(June -·August 1978) 

~r = 0.954 (N~154'Out of 166) 
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TABLE 8-11 

CUMULATIVE SAMPLE DISTRIBUTION OF LOG N03 
(June - August 1978) 

r = O.88(N = 154 Out of 166) 
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TABLE 8-12 

CUMULATIVE SAMPLE DISTRIBUTION OF LOG H 
(November 1978 - March 1979) r = Q.954 

(N = 237 Out of 270) 
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TABLE 8-13 

CUMULATIVE SAMPLE DISTRIBUTION OF LOGS04 
(November 1978 - March 1979) 

r= 0.969 (N = 234 Out of 270) 
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TABLE 8-14 

CUMULATIVE SAMPLE DISTRIBUTION OF LOGN03 
(November 1978 - March 1979) 

r = 0.984 (N = 233 Out of 270) 
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TABLE 8-15 

CUMULATIVE SAMPLE DISTRIBUTION OF LOG H 
(June, July, August 1979), r = 0.964 

(N = 180 Out of 182) 
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TABLE 8-16 

CUMULATIVE SAMPLE DISTRIBUTION OF LOG S04 
(June - August 1979) 

r ~ 0.934 lN = 178 Out of 182) 
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TABLE 8-17: 

CUMULATIVE SAMPLE DISTRIBUTION OF LOG N03 
(June - August 1979) 

r = 0.963 {N = 173 Out of 182) 
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TABLE 8-18 

50% VALUES FROM CUMULATIVE DISTRIBUTIONS OF H, S04' AND N0 3 
Event Basis (Wet Precipitation) 

Cumulative Distribution 

log H 

Dates 

5/78-8/79 
6/78",,8/78 

11/78-3./79 
, ---. J 

6/79~~/79 

5/78-8/79 
6/78-8/78 

11/78-3/79 

6(79-8/79 

5/78-8/79 
6/78-8/78 

11/78-3/79 

6/79-8/79 

1 Summer ·78 vs. Summer ~79 

8-20 

50% Concentration Value 1 
[C], uequ/1 % Decrease 

66 

121 
45 

75 

60 

134 

27 

67 

32 

39 

30 

26 

38 

50 

33 
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TABLE ;8-19 

~lEAN MONTHLY WEIGHTED ION CONCENTRATIONS (u~qu/l), STANDARD DEVIATIONS AND VARIABILITIES 
(Bas is: Seven Network Sites) 

H+ 
. 1 .. 

S.D. ,S .D •. " . S.D. S.D. 
S04 NO- Nrt X ' X . --=--

X 3 '. 'x 4 
~I , " 

May 1978 85.',+ 12.8 0.15 66 + 11. 9 0.18 33 + 1. 9 0.06 20.3 + 1.4 0.07 - -
June 112+ 7.6 0.07 84 + 4.3 0.05 35 + 1.1 . 0.03 ,24.8 + 2.1 0,08 
Ju1y 151 :: 29.8 0.20 145 + 16,6 0.11 34 + 7.5 ' 0.20 , 22.3 + 8.2 0.37 
August 115 + 7.6 0.07 133 + 7.6 0.06 35 + 4.2 ' . 0.12 21.0 + 3.6 0.17 
September 87 + 2.8 0.03 136 + 4.0 0.03 32 + 5.0 0.16 ' 41.9 + 2.5 0.06 

(Xl October 64 + 6.2 0.10 54 + 4.6 0.09 34 .:!:. 2.3 • 0.07· 17.9 + 2.5 0.14 
I 

N 
-' November 47 +, 4.6 0.10 35 + 4.6 O. 13 35 + 5.4. "" O. 15 14.4 + 3.7 .0.26 , 

December 39 + 2.7 0.07 28 + 3.3 O. 12 36 + 4.5 0.13, 9.4 + 2.4 0.26 
January 1979 30 -I- 0.9 0.03 14 :,:, 1.6 0.11 ,19+1.6' ',' 0.08 " 2.25 + 0.4 0.18 
February 53 + 8.0 0.15 37 + 6.2 O. 17 40 + 4.1 0.10 9.2 + 3.0 0.33 -
March 72+ 8.1 0; 11 62 .+ 10.8 O. 17 50 + 6.8 0.14 ')9.0 .:!:. 3.5 ' 0.18 
April 38 .:!:. 1.5 0.04 33 + 5. 1 0.16 192:. 2,.0 0.10 8.5+ 1.4 ' 0.17 - i 

M'ay 106 + 7.9 0.08 95 :!:. . 7.7 . 0.08 48 :i:. 3.7 0.08 31.2+11.3 0.36 -
June 123 + 10.5 0.15 . 141+23.5 0.16 '. , 55·+ 6.1 0.11 ' 46'.1 + 8.7 0.19 -July 53 + 11.6 0.21 53 + 14.6 0.27 . 0.23' 

l . 

4.6 ,0.26 ~ 22 + A. 9 ,14.3 .~ 
'/ August " 

.. --.. . .. 77 + 7.3 0.10 7i .2:. ' 4 ;2' 0.06 ,29:!:3.4 0.12 2b~0 + 4:2 0.20. 

1 Standard deViation divided by the mean;: variability. '.', 

; , 

., 
'. 'I 



occurred one month earlier (June). This table also gives a feel for the vari-

abil ity across the network for the ions H, NH4 , S04' and N0 3, . Sulfate, dominant 

during the summer months, declined during other seasons; and the S04/N03-ratio for 

. November through February was one or 1 ess. For purposes of greater cl ari ty (\'/ith 

S.D.'s omitted) the data for these four ions have also been plotted in FigureS-l. 

The difference bebJeen the summer 1978 and summer 1979 concentrations can be 

dramatized further by looking at the sulfate event concentrations for these two 

periods, sholtJn in Figure 8-2.. Through a single event in 1979 produced the highest 

concentration, most other events during that summer were far belm';! the summer 1978-

val ues. 

Ratios of major ions: 0;(+) :: H + NH4 + Ca, to l:{-) :: S04 + N03) have been compiled 

in Table 8-20, These ratios offer some measure of total accounting for all ions; 

they would be decreased by chloride and increased by the other cations; for pH 

4.3 HC03 would also have to be considered. Only the June 1978 value is cause for 

concern, 

A different perspective of the results is obtained when one reviews' them on the 

basis of loadings. The loading calculation used is delineated in Appendix 62. 

In Table 8-21l0adings (ueq /m2=O.O eq /ha) for all ions are summarized. Ingen

eral, patterns based on loadings are similar to patterns based on concentrations. 

numberous differences should be noted .. For example, 1978 sulfate concentration 

peaked in July, while the loading peaked in September; am~onium concentrations and 

loadings both peaked in September. 

For one year (June 1978 - r·1ay 1979) loadings are compared between the \vatersheds 

in Tab1e 8-22. On this basis, ion loadings to the Sagamore watershed are approxi

ma tel y 20% lower than those to the other two ~"a tersheds . The compari son between 

8-22 
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TABLE 8-20 

I+/E- MAJOR IONS1 

Ratio 

May 1978 1.14 
.. 

. June 1.24 
July 0.99 

. August 0.90 
September 0.84 

October 1.06 
November 1.00 

. , December· 0.85 
--

January 1979 1.11 
February 0.90 

" March 0.91 
April 1.02 
May 1.09 
June O!89 

~~-~---~---- -
July 1.01 
August 1.03 

1 E+ = H + NH4 + Ca 

I- = S04 + N03 



TABLE 8-21 

LOADINGS (ueq/m
2) 

ALL IONS 
Average of All SHes 

Month H+ NH4 Ca Mg Na K s04 N03 C1 

.5/78 5608 1352 625 177 379 248 . 4302 2179 387 

6 9307 2072 916 241 327 201 7024 2903 419 

7 9399 1256 1182 238 193 139 9319 2122 '269 

8 11537 2112 1546 331 362 170 13373 3506 467 

9 10021 4268 2076 569 387 132 . 14853 3696 306 

10 6892 1936 1137 251 375 231 5916 3631 315 

11 2778 734 355 105 188 73 2185 1937 158 

12 4813 ' 1173 818 220 342 177 3411 4474 355 
~ 

1/79 4788 354 526 190 384 157 2133 2777 454 

2 2513 475 318 146 253 73 1867 2054 196 

3 7669 1967 1135 777 529 177 6225 5824 620 

4 3860 794 764 470 259 89 3220 1966 316 

5 9222 2608 1384 490 373 360 82]4 4124 509 

6 3057 1086 726 215 150 66 3518 1339 188 

7 2851 739 428 174 174 132 2857 1136 145 

8 14623 3806 2132 757 607 337 14642 5413 638 

8-26 



TABLE B-22 

ANNUAL MASS FLUX (WET ONLY) 
Eq/ha/y 

June 1978 - May 1979 

Woods Panther Sagamore 
(WLE,WLW) (LMI,LMO) (SLE ,SL~J) • 

S04 834 821 686 

N03 433 392 307 

C1 48 44 36 

l:{-) 1315 1257 1029 

NH4 226 214 161 

Ca 127 102 134 

Mg 39 33 25 

Na 44 42 34 

K 21 17 15 

E(+) - H 457 408 369 

H 863 861 696 

l:{+) 1319 1268 1064 

l:{+) 1.00 1.01 1.03 
R=T 

N03/S04 0.52 0.48 0.45 

H/S04 1.03 1.05 1.01 

8-27 



the summer 1978 and 1979 periods which was made above on a concentration basis can 

be made even more graphical on a loading basis. This has been done in Table 8-23· 

for hydrogen and sulfate. Loadings in 1978 were approximately 30% greater, but 

the single highest month \lJas August 1979. Since we had already shown that the 

sumner 1979 concentrations were substantiany lower, the differences involve both 

concen trations and ra in quantitites. June 1979 concentration resul ts were compar

able to 1978 values (Tables 8-19), but the June 1979 rainfall \lIas much below normal ~ 

hence the low loadings. On the other hand, in August 1979 rainfall was much higher 

than in August 1978 (Table 8-24); thus, inspite of the decreased concentrations, 

loadings were high. 

To ascertain the uniformity of the atmospheric inputs into the three watersheds 

standard deviations were given in Tabler 8-19. Another measure is the correlation 
. . 

coefficient between sites. Concentrations or loadings could be used, the latter 

was used for the correl ations presented below. For the period. May 1978-August 1979 

correlation coefficients were computed using a correlation matrix which inter

compared all sites. For the five major ions, H+, NH:, Ca++, SO;, and NO;, these 

coefficients (r) are shown in Tables 8-2Sto 8-29. With one exception r was well 

above 0.7 for these ions.·. A general exception was the SLE-site for the ammoni urn 

ion, which was quite low. Subdivision of the data set along seasonal lines in

di cated that the 1 ack of correl ation was most pronounced duri n9 the period Sep

tember-October-November 1979, but was above O.Sfor the summer of 1978. The 

reasons for the lack of correlation could not be ascertained. However~ these 

findings contributed to discontinuance of the SLE-site after August 1979. 

Since the individual event data showed a log normal distribution, the monthly 

values should also show a log normal distribution. The correlation calculation 

was repeated therefore based on the logrtthms of the monthly loading vales. No 

significant differences were found. 
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TABLE 8-23 

+ = 2 HAND S04 - LOADINGS (ueq 1m ) 
Summer Months (June, July, August) 

1978 1979 
-~ 

H 5°4 H 5°4 

June 93Q7 7023 3057 3518 

July 9399 9319· 2851 2857 

August 11537 1-33.73 14623 14642 
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, June 

July 

August 

TOTAL 

June 

July 

August 

TOTAL 

TABLE 8-24 

COMPARISON OF INCHES OF AAINSUMMER MONTHS (JUNE, JULY, AUGUST) 

WOODS 

4.20 

2.98 

3.63 

10.81 

1978 

PANTHER 

3.14 

1.95 

4.22 
" 

, 

9~31 

3.31 

2.53 

3.83 

9.67 

1978 

SAGAMORE WOODS 

2.59 0.69 

2.66 2$74 

3.63 ' 6.28 

8.88 9.71 

THREE BASIN AVERAGE 
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' '1979 

PANTHER 

1.13 

2.52 

6.93 

10.58 

, 1979 

0.82 

2.86 

6.28 

9.96 

SAGAMORE 

' 0.63 

3.31 

5.64 

9.58 
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TABLE 8-25 

CORRELATION COEFFICIENTS (R) FOR RPI-SITES INTERCOMPARISON 
BASIS: Monthly Ion Loadings, H+ 

VAF::'IABLE H+ (May 1978 - August 1979) 
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TABLE 8-26 

CORRELATION COEFFICIENTS (R) FOR RPI-SITES INTERCOMPARISON 
BASIS: Monthly Ion loadings, 50~ 

" ' 

'''' . '. ") 4 I:;' r.r), ,(.) ',I,. () () ;,,: '(~l f.) :I. ;.:~ N= 14 DF= 12 R@ .0500= .~~~, .•. . 
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TABLE 3-27 

CORRELATION COEFFICIENTS (R) FOR RPI-SITES INTERCOMPARISON 
BASIS: Monthly Ion Loadings, NO; 

" , 

N= 14' DF= liR@ .0500= .5324 R@ .0100= t6614 

NO; (May i 978 '- Augus t 1979) 
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TABLE 8-28 

CORRELATION COEFFICENTS (R) FOR RPI-SITES INTERCOMPARISON 
BASIS: Monthly Ion Loadings, Ca+2 .' 
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+2 Ca (May 1978 - August 1979) 

:I..OOO() 

~:~. L.M I .• 046:1.' :l..()()OO 

4 ~ I...MCl .7:50 :1. :1. .0000 

• 794~~; . :I. .O()OO 

• ·744:1. .9:1.07 :1. .O()OO . 
,,' . 

• f:) :1. '72 

:I..OOO() 

:I. • ()()OO . 

'. vH.E 

., , 



co 
I 

W 
U"1 

I 

" 

TABLE 3-29 ' 

CORRELATION COEFFICIENTS (R) FOR RPI-SITES INTERCOMPARISON 
BASIS: Monthly Ion Loadings, NH! 
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Tota 1 Fa 11 and Throughfa 11 : . 

Precipitation is altered by a brief, but s:tgniJicant i.nteraction wHh the surfaces 

of plants, whi,ch act as filtering'll1ecnililisms- of atr~orne,9qSes· Clnd particles. 

This results in a major'transfer'to the'fores-t floor of matertals captured, 

washed and leached from the forest canopy_ 

Estimating atmospheric loading of ions to a drainage basin cannot be complete 

without understanding throughfall chemistry. Therefore, the collector placed 

under a Hemlock stand at tne BMA Station ,"n January 1979 was intended to acquire 

experience with throughfall collectfon leading to an eventual expansion of this 

,operation under various species in the Sagamore or Woods Lake Basin. When our 

throughfa 11 operati on was initi ated, very 1 itt~ e was known about throughfa 11 
chemistry under coniferous canopies, therefore, Hemlock \vas chosen for our initial 

throughfall col1ecti~n. 

Figures7=5t07-10 showior-d,c concentrationofH,S04' N03, Cl, NH4 and'Cain: 

bulk and throughfal1 event samples. The concentration of l1ydrogen, sulfate, ni

trate, chloride and calcium ions were generally.hl'gher in throughfall than in 

total fall, while ammoniulll ion in throughfall was depleted. 

Figures 8 .. 3 to 8-8 show the ionic loading of H,S04' N03, Cl. NH4and Ca in bulk 

and throughfall event samples. During the months of January, February, March~ 

April and August, hydrogen ion loading was enriched in the tntercepted precipi

tation~ while during May through July, it was depleted; however sulfate~ chloride 

and calcium ion loadings were enriched during the entire period, while the load

ing of arrnnonium ion was depleted during the same period; nitrate ion loading was 

decreased during April through May while during the rest of the period it was 

enriched. Ta'b1e8-30 lists the monthly ionic loadings of H, S04"N03, Cl;~lH4,and 

Ca. These monthly loadings follow the same trends as the event loadings noted 
above. (Appendix F. shows the method of calculating event loadings). Table 8-31 

lists the total number of monthly wet, DuH and throughfall samplesanalysed. 

The differences in the number of samples between wet, bulk and throughfall were 

due to one or more of the fo 11 owing: fa il ure of the co 11 ector( s), contami nation 

of the samples> and insufficient volume of collection'for analysis of the samples 
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TABLE 8-30 

ION LOADINGS FOR WETFALL, TOTAL FALL, AND THROUGHFALL DURING 1979 @ BMA STATION 

Hydrogen Sulfate Nitrate 
" 

Month Wetfall Total Fall Throughfa 11 Wetfall Total Fall Throughfall Wetfal1 Total Fall / Throughfa 11 

January 58.51 53.18 74.05 23.54 21.43 50.06 37.00 44.90 50.69 

February 25.30 31.32 35.77 20.85 20.76 30.93 24.53 24.33 37.62 

March 86.00 91.57 140.72 91.11 83.32 137.78 61.76 72.24 73.40 

April 45.80 50.38 71 .82 41.38 47.06 66.74 21.14 30.50 25.36 
co 
I May 117.21 118.31 102.52 107.05 113.62 171 .38 52.49 56.59 38.18 -I'> 

W 

June 31.97 39.13 11.90 30.40 62.79 63.13 . 16.57 24.08 9.79 

July* 27.22 24.46 23.90 31.18 36.05 51.56 10.00 13.92 12.29 

August 163.68 169.47 176.06 157.33 184.11 245.08 50.08 60.29 59.74 

TOTAL· 555.64 577.82 636.74 5.02.84 569.14 816.66 273.57 326.91 307.07 

*For the event of 7/27/79, an estimate for total fall loading was calculated wetfall ion concentration 

Note: Ion loadings are in equivalents per Hectare 



TABLE 8-30 (continued) 

ION LOADINGS FOR WETFALL; TOTAL FALL AND THROUGHFALL DURING 1979 @ SMA STATION 

Chloride Ammonium ' ~ Calcium 

Month Wetfa 11 Total Fall Jhroughfa 11 Wetfall Total Fall Throughfa 11 Wetfall Total Fall Throughfa11 

January 6.17 4.72 6.12 4.13 4.80 1. 70 6.47 7.56 20.77 

r February 1.82 1. 97 3.77 5.73 6.22 4.06 4.12 3.02 12.51 

March 8.07 7.25 15.27 22.78 27.70 12.79 15.10 26.04 56.87 

CP April 3.41 2.96 8.43 9.03 15.22 3.83 9.41 14.39 28.80 
I 
~ 

6.72 7.70 17.43 ~ May 32.41 36.06 11.39 20.43 27.84 65.50 

June 1.86 2.63 10.37 12.43 16.06 3.92 9.86 24.01 33.76 

July* 1.40 . 1.60 8.13 7.76 9.87 3.68 4.18 16.24 28.44 

August 4.45 3.69 28.93 36.12 43.61 15.39 16.66 34.18 101 .87 

TOTAL 33.90 32.52 98.45 130.39 159.54 56.76 86.23 153.24 348.52 

*For the event on 7/27/79, an estimate for total fall loading was calculated using the wetfall ion concentration 

Note: Ion loadings are in equivalents per Hectare 

) 1 



TABLE 8-31 

NO. OF MONTHLY SAMPLES ANALYSED 

r10nth Wetfall Total Fall Throughfa 11 
January 12 11 10 

February 7 7 7 

March 10· 10 10 
~ 

April 10 11 11 

May 10 10 10 

June 7 . 7 5 

July 8 .. 7 " 5 

August 11 11 11 

TOTAL 75 74 69 

/ 
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Fi gure 8-9 shows the sul fate to nitrate concentrati on ratio in bul k and through

fan. It was observed that generally this ratio wash higher in throughfal1 than 

in bulk. The S04/N03 ratio in total fall was as1milar order of magnitude during 

the entire period of sampling (0.21 to 4.65); S04/N03 ratio in throughfall was 

very hi gh from ~1ay 22 to July 1 (as hi gh as 43. 77). Fi gure 8-10 " ill ustrates the 

hydrogen to sulfate plus nitrate concentration ratio; there was no consistent 

trend noticed (range from 0.69 to 6.22). 

ChemicalcharaFteristics of throughfall event samples are listed in Table 8-32. -

Figures 8-11 to 8-16 illustrate the cumulative sample distribution of ionic concentra

tion of H, S04.-N03.-Cl. NH4 and Ca-in the event throughf~ll samples. Mo~t rif th~ samples 

(90%) have hydrogen ion concentrations between 7 and 20 ]Jeq/L; suHate concentl"ations 

between 5 and 280 lleq/L; nitrate concentrations between 3 and 125 ]1eq/L; chloride 

concentrations between 0.7 and 55 ]Jeq/L; ammonium concentrations between 0.1 and 26 

]Jeq/L; calcium ion concentrations between 2.5 and 125 ]Jeg/L. 
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TABLE 8-32 

SUMMARY OF CHEMICAL CHARACTERISTICS OF THROUGHFALL EVENT SAMPLES SMA STATION 
January 1979 - August 1979 

Variab1 e Minimum Maximum Mean Std.Dev 

pH 3.51 5.13 . . 4.143 .357 

Sulfate 6.20 626.90 147.050 134 .. 210 

Nitrate 2.90 222.80 55.512 48.953 

Chloride .70 198.90 22.440 26.956 
~ 

Ammonium .70 157.80 13.064 23.016 

Calcium 2.50 208.10 55.603 51.777 

Magnesium .80 353'.80 19.547 45.828 

Sodium 1.20 22.40 7.613 5.254 

Potassium .30 191.80 24.247 35.952 

Note: All variable are in ~eq/L except pH 
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Dryfall 

Examination of the histogram (Figures 8-17 to 8-25) of ion loadings vs. frequency;, 
show that the weekly dryfall loadings are log normally distributed. For this rea
son the median is probably a more descriptive measure of the central tendency than 
the mean. Ion concentrations in the water soluble dryfall samples were highly vari
able, when compared on a weekly basis. This variability is caused by several fac
tors including station location, water extraction time, contamination from insects 
and tree debris, and local sources. However, analysis of dryfall collected in 
buckets provide boundry conditions for trend and loading calculations. 

Average monthly loading to the three watersheds are presented graphically for the 
major. ions in Fi gures' 8-26 to 8-34. Load; ngs to the watersheds were averaged for 

'" 
each month. For months when only one site was operational the loadings were taken 
from the other watershed ~ite. 

The graphs show several di sti nct; ve loadi n9 trends. Atmospheric dry inputs were 
similar for all three watersheds on a monthly basis. All ions showed winter in
creases corresponding to the time of year when the trees have lost most their foil
age. Sulfate and nitrate loadings during winter months were similar. However, sul
fate loadings were generally much higher than nitrate during the summer months. 

vloods Lake dryfall loadings are given in figures 8-35, 8-36, 8-37 and 8-38 for the 
entire period of collection. Values for February 1979 are very low due to loss of 
samples. 
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Snow Cores 

Biweekly snow cores were analyzed for spatial and tenpora 1 trends in terms of ioni c 

concentrations. An example plot for sulfate concentration under cover is given in 

Fi gure 8-39 for the wi nter of 1979. Hoods and Panther were quite s im; 1 ar over the 

entire three month period. Sagamore followed the same general temporal trend but 

was generally less concentrated at the start of sampling. This difference in 

magnitude was mainly due to a large snovv storm followed by a thaw which took place 

between 1 January and 8 January 1979. Other ions gave similar trends for the 

three watersheds. 

The snow core data was highly variable and definite statistical differences were 

diff; cul t to determipe. Figures 8-40 and 8-41 shm'J temporal trends ih storage (eqjha) 

for hydrogen. sulfate and nitrate ions in the open and under coniferous canopy for 

the Sagamore watershed. Storage, which is a combination of ionic concentrations 

and water equivalents, for hydrogen and nitrate were larger in the open than under 

tree cover. No difference however was observed for sul fate storage. 

Concentrations and storage of nitrate and hydrogen were much higher than sulfate 

under both conditions. 

Maximum snow storage occured during the middl e of February in 1979. Snow storage 

from the first intensive is listed in table 8-33 for each watershed in units of 

centimeters of \'Jater. Hoods Lake had sl ightly higher water storage which was' 

probably due to slight orographic effects in the watershed. 

Table 8-34 shows a comparison of tvvo snow core intensives before and after the 

first major spring thaw. For a small decrease in water content (21~35%), a large 

decrease was observed in ionic concentrations. 
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TABLE 8-33 

SNOH STORAGE 

~I}atershed Hoods Sagamore Panther 

~4aximum Storage 
(em. of \'Jater) 25.5 21.4 21.3 

Volume of ~~ater3 
in Snow Pack, m 5.5 x 105 1 .0 x 107 2.6 x 105 

Vo 1 ume of Lake, m3 8.1 x 105 75.4 x 105 7.1 x 105 

Ratio 
Snow Pack Volume 

Lake Volume 0.68 1.4 0.37 
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TABLE 8-34 

COMPARISON OF SNOW CORE INTENSIVES 

2/15/79 and 3/29/79 

Site ~~oods Sagamore Panther 

% Decrease 
Hater Content 35 23 21 
in Snow Pack 

Mean Loss for 
~1ajor Ions 

1.1 eq/g, SO -2 
4 15 5.7 13 

NO -
3 17 17.8 19.2 

H+ 9.3 13.8 13.6 

% Loss SO -2 
4 79 66 83 

N0
3

- 53 61 50 

H+ 40 52 49 
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Comparison to MAP3S Dat~ 

The treatment of the seven RPI-sites as a single point and the location of the 
study region suggests that comparison to MAP3S-sites would be useful. The nearest 
MAP3S-sites to our region are the Ithaca and Whiteface sites (1). 

Rainfall Quantities 

An analysis of rainfall volumes for three months is shown in Table 8-35 the 
sites included are Ithaca, ~Jhiteface~ and an average from the seven RPI sites. 
Also listed in column 1 are the number of reported events (any 24 hour period) 
that occurred at each site for a given month. It is readily apparent that the 
number of events at RPI is large than at the t1AP3S sites. The ratios; based 
on VT/mo (Table",8-35) for RPI/Whiteface/Ithaca are 4.7/lLO/3.2; from long term 
New York State rainfall dttta this ratio is approximately 50/40/36. This ratio -appears to arise entirely out of the greater number of events (V/event) in-
stead of greater volumes/events, at the RPI site. 

Linear Correlations 

MAP3S PreCipitation Chemistry Data Reports were searched for same day events 
at three sites: Penn State, Ithaca and Whiteface. The RPI sites are "in 
between" two of these sites on a broad SW-NE trajectory. Information on H+, 

SO~, and NOj was put into a form of monthly volume weighted ion concentrations; 
correlation coefficients, r2, were obtained for the RPI sites, X, (averaged to 
act as single samples) vs the MAP3S sites (Y). As shown in Table 8-36 some 
surprisingly high correlations were obtained. The table also includes re
computations based on the deletion of specific months, a decision which was 
based on several factors (such as obvious differences beb/een reported chern; ca 1 

analyses fora particular day or presence of only one II same day!! per month). 
In only one case (RPI nitrate vs. Penn State nitrate) did this change fail to 
improve the correlation. 
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,.cOMPARISONS OF' RAINFALL VOLUMES (ml) , 

, ' 
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: 1978,,' 
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, \iT/month 
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,', " 

" "'", "2" - .. '" ,-
,:: ,Ithaca,"" " V ' 

, ': 5 ,,):: '50'0 

't 

, 4 ':,: 722 

", 5" ",297 " 
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1519 

506 

108.5 

1 2' ." " - ' 

Whiteface' " , ' V ' " HPI" "'V , T 

17 

628"," '",,' 8 

512, ' .. • 6 
, .... ,' 

" 739 .,,' .' 8· 

, 1879 

626 ' 

110 

',', '.' 

22, 

5260 

''4574 ' 

, 6221, 

2::: average vo1'ume/month (mlrain)" "', -

, . 

, , 

I ' :.' <<":: .... 
, , , 
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" '. 
" " 

.,; , 
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" ' 
, " 

, ' I • .' , • , 

2 ' 

'if 

657 

2197 

732 

100 

',.' ' ... 
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-

Further insight was sought by looking at 1-2 day separations between events 
along the sequence Ithaca - RPI - Whiteface. Many such combinations were 

tried, but, in view of the small number of events to which this approach could 
be applied, these gave mostly poor correlations. Table 8-37 shows an example 
which reasonably high correlations for some ions. 

Another correl ation was attempted between the sites on the basis of all events. 
This data is shown for the period May - November 1978 for the five major ions 
in Table 8-38, rl fistinguishes this correlation coefficient from r (Table 8-36). 
Clearly, the_c9rrelations are generally poor, although omission of certain 
months improved matters. The equation of the line is Y(MAP3S-site) := m x (RPI
sites) + b. 

Table 8-39 is explained by the inclusion of additional events (i.e., an update 
of the previous MAP3S data base) in September into the table; -one additional 
event occurred in Ithaca, three at Hhiteface, and three at Penn State. 

LITERATURE CITED 

1. The IVlultistate Atmospheric Power Production Pollution Study - MAP3S, Progress 
Report for FY 1977 and FY 1978. U.S. Department of Energy, July 1979. 

8-86 



, 0::> .' ' 0::> 
"-.J 

, !., 

',-' 

,RPI 

, ' 

/ :; . 
',.' .. ' 

• f :. ' TABLE ,8-36 
" \ 

;.~ .' '. . ': . , ." " (f'< '. " . ' ~, . . ~ ", :<" ':.,: :" . 

MONTHLY VOLUME WEI GHTED CONCENTRATIONS ':' (~eqtJ/~)' ':. 

, Analysis of Same Day RPI ... MAP3S Events 
, ,(April - September 1978)' ' 

Ithaca 
2 m b r ' m 

0,42:68.2 0.493 
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TABLE 8.237 

-
CORRELATION COEFFICILNTS, l', FOR A 1-1-2 SEPMUHION 

Basis: Rain at Ithaca and RPI on 7/17 ) 8/29, and 10/5; 
Rain at Hhiteface one day later in each case. 

.. . 
: 

RPI H+ 0.88 
;,,'"... 

5°4 0,76 « 

NO; -0.46 
,. 

: 

\'W
o H+ o 42 

_0. 
',.,," 

0" "' .,', 
o 0 . 

,: -i'. ' . 
..... 

5°4 0.95 

NO-
3 

00 .01 

I H+ "0 5°4 NO; RPI H+ 0~?4 NO; 0 . 
".""'; 00 .. ;:'" 

.. 

I ~ Ithaca 

. WF"= \·lhiteface 

: 
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. . TABLE 8-38-

. "". 
I I:. '. . J,,' 

, ~ ,. ",' ~,' . , . 

, '. 

LINEAR REGRESSION ANALYSIS OF MAP3S-RPI PRECIPITATION CHEMISTRY 
.. (A 11 events May -: Novembe r 1978) 

m' Whi te69ce . r': '.' m' Ithgyo r' 
0.44' .. ; 

,'Penn State m .. b" r' 
0,14 61.8 '; 0.15, ".::, '-0.48 131 '-0,32 115 0.23 

Or19 6RI5 0.35 

4,1 -112 ':'0,63 .::. :-0,32 . 4LL6 . 0,05· ·6.7lt. -190.1 . 0.57 
" 

L06 ':.0.,5'; . 0.62, ;'.::" 0,32 ... 15.0· .0,31.· 0.37 ... ·.8.6 0.49 

0124' 4,1'::O~46' ,:, 0.14 ··'4.7.0,21 ": -0.01 .7,0 0.01 

(July Omitted)····.';.... (June Omitted) .. ' (June Omitted) 
0,'61 .26,1. 0:47,,'::"-0,64 137 .,: 0 •. 68. 

" " 

0,57' 2'L 4 ..... 0 I 77 ". 0 ,30 45,9· 0,85 . 

4,9 '. -140' 0,71 :'. ··;·,~1.40· . 79.6 . 0,25 

1.07 

0,02 

: ,'", 

0,2 0,62 '. ". ··0,18 

6,10,06 ' 0,26 
t ,I' 

, '. 

" . 
'. ", , 

, " . 

15.7 . 0,32 

2.2 . 0,63 ' 

. . " 

-1,01 

.' 0,22 

'7.26 

, . 0,27 . 

, 0.06 

. ".' 

, ',' . 
" . , . 

. . ,.' :. ~ , .. ' 
.' ;' . ',' 

• • ',,"" 'i 
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56.4 

-207 

9.1 

. 5.5 

'. '. ,::. " . 
, 't. .. , .'~', ' ,:,' '" ', .. \ (, . 

. ", ,', . ',,) 

, . ;', .. '.. . ... ';,' ": .. 
.. ' '" ".' 

,. ,J 

',' " 
;'" 

I .,' 

" ~ ." '.-, ' 

" . 
., t' 

" 

0,89 

0.60 

0,58 

0,69 

0,11 
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TABLE 3":39 

CONPARISON OF CORRELATION COEFFICIEnTS OF nAP3S-RPI 
MONTHLY VOLUME WEIGHTED ION CONCENTRATI?~S 

SAt'lE DAY EVENTS (r) VS. ALL EVENTS (r') 
(APRIL - SEPTEMBER 1978) 

RPI 

H+ 

50-
4 

NO- " 

3 
+ 

.' NH4 .. 

" 

" + H 
" 

SO~ 
, 

NO; 

NH+ 
4 

H+ 

5°4 
NO; - , 

NH+ 
4 

. , 

Ithaca --- 1 r r 

0.78 0.65 

0.70 0.04 

0.51 0.51 

0.91 . 0.03 

, 

,Whiteface 

0.79 0.15 .. 

, 0.76 0.75 

0.54 

, 0.69 

, . Penn State 

0.91 

0.22 

0.09 

0.18 
• 

0.92 0.34 

0.47 0.80 

0.71 '0.27 
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Section 9 

DISCUSSION 

Operation of a precipitation network in a remote region presents many challenges. 
These include physical planning in terms of sites and access to them, vehicles, 
sample shipment, coordination of personnel, supplies, equipment failures and 
inclement weather. In addition, data management and storage as well as data 
verification requires much time and preplanning.· All of these factors impact the 
availability and representativeness of the data. 

The seven sampling sites used in this study were not perfect, but were reasonable 
in terms of representativeness and in the overall aims of the study. Site selec

tion should consist of a series of compromises based on a thorough knowledge of 
the terrain and the measurements being taken. In this study daily ~ccess was one 
of the major criteria used in site selection. This consideration had to be weighed 
against possible alternate locations that might favor differences in elevation as 
a major criterion. The relative magnitude of the.area sought to be covered by a 
point sampler appears to be a factor based on a review of the data base (cf., 

below for additional dicussion on this point in terms of ion loadings). In 
hilly terrain such a consideration is difficult to quantify and relates probably 
to the absolute size of the watershed. 

Samples should be analyzed as soon as possible. In the field, pH and conductivity 

were determined; after that samples were kept at 4°C until ready for detailed 
laboratory analysis. Several weeks occasionally elapsed between these two 

analyses. Fr<?m a review of the raw data (Section 7) it can be seen that the pH 
measured in the laboratory was usually slightly higher than the pH measured in 
the field. For samples with an initial pH ~ 4.5 this change appeared to be more 
pronounced and was probably influenced by bicarbonate. In view of the generally 

satisfactory ion balances for most samples the contribution of bicarbonate to 
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to samples of pH~ 4.3 was judged to be negligible. The ion balance (such as 

shown in Table 9-1) was based on 

NET IONS::: (SO;) + .LNO;) + (Cr") - CCa++) - (Mg++) - (NH:) - (Na+) - (K+) 

::: r(-) - r(+) 

(where concentrations are given in Ueq/l) 

Then any imbalance would be accounted for by H+ and HCO;, presumably the next 

important anion. Therefore~ CH+) -. (HCOj) = NET IONS; also (H+)M - (HCO;)C ::: 

{Nr}W where the subscripts M and C refer to measured and calculated~ respectively. 

Alkalinity is then equal to - (NIL IVJajor imbalances due either to analytical 

errors or nonmeasured species could thus be detected readily_ Since one major 

premise of this study (and others) was that there were no major unmeasured 

species. the second consideration really could not be quantified. However 5 re

analysis of samples was frequently performed for the major ions since they would 

make the largest contribution to ratio imbalances if in error. Sometimes, event 

sampling turns out to be a detriment to this approach. since sufficient sample 

may not have been provided by the event itself. This is another point that 

should be kept in mind when the objectives of a study of this type are established . 

. In Section 1 of this report a number of hypotheses wereformul ated. These 

hypotheses can be used here to examine the results of the study through August 

1979. Since the data sets are large and not all potential correlations or cause

effect relationships have been realized, the following discussion is not intended 

to be exhaustive. 

A review of the results shown in Sections 7 and 8 shows that the three watersheds 

receive similar inputs of ions measured ;n this study. Specifically. this is 

based an the high intersite correlation coefficients (Tables 8':25to 8-2'9) and the 

standard devi'ations and variabil iti es of the mean monthly we; ghtedi an concentra

tion (Table 8:-19). In this sense hypothesis 1. (Section 1) can be considered as 

confi rmed. However, the ques t i on ; s: what does one mean by s; mil a rity? The 

precipitation data (Table 7-1 ) suggests that for majority of the months for 
which amount of rainfall are available. the Sagamore Lake watershed received less 

rai.n (and snow) than the other two basins. In fact, the comparison between the 
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two SL-sites (SLE and SLW) indicates the possiblity of an intrabasin orographic 

~ffeet. Snow cover in the Sagamore basin also had the least depth. On average. 

over the study period, the inputs were perhaps 20% below those of the other 

basins and in this sense there exists an orographic effect. However, the reader 

should be reminded that the Sagamore basin is by far the largest of the three 

(Table 2- 1 ) and contains the largest change in altitude' also. Representative

ness of sampler location thus becomes the real question, a question that can only 

be answered by additional precipitation collection at different altitudes. Since' 

the Sagamore basin is large and partially inaccessible, this is not a trivial task. 

In summary, there j s evi dence for an orographi c effect and hypothes i s 2 can be 

rejected (with caution). When concentrations are multipl ied by centimeters of 

rain per unit time, .loadings result and, as has been pointed out already (Section 

B, Table 8-22) ion loadings to the Sagamore basin are the lowest (byn.-20%). It 

is not known at present, of course, whether or not this represents a long term 

cumulative trend, that could playa role in effects studies. It does indicate 

that one always has to keep the distinction between loadings and concentration. 

,While the results when reviewed inan integrated fashion (month, season) support 

similarities of atmospheric inputs, hypothesis 5 allowed for variabil tty across 

the network on an event basis. 

A complete analysis of all events in that category has not been made; however, 

one event is summarized in Table 9-1. Particularly i,nteresting is the variation 

in rainfall quantity and where it occurs; BMA, LMI, and LMO received comparable 

quantities and WLE and HLW received about four times those amounts. On the other 

hand, BMA, WLE and WLW collected rain of comparable composition and very high pH 

(4.82. 4.86, and 4.89, respectively). BMA, WLE and WLW are in closest proximity 

to each other amongst the seven stations and the data support an orographi.ceffect. 

The LM- and SL-watersheds received rain of considerable htgherconcentration; 

pH was almost one whole unit lower. It is possible to conclude that it was 

raining from a different storm, or less likely, that local pollutants were picked 

up by the same storm that was responsible for rain at BMA and the WL,..basin. less 

likely, because the concentrations are 3-5 times higher and this would 

require correspondingly higher ambient air concentrations, if the scavenging 
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TABLE 9-1 

VARIATION IN RAIN QUANTITY AND COMPOSITION ACROSS THE NETWORK FOR A SINGLE EVENT 

Volume of Rain 

** Site (ml) S04 N03 Cl l: (-) NH4 Ca Mg Na K H 2:(+) 
,t _, I: + 

SMA 141 23.7 6.4 9.0 39.1 9.3 10.0 2.5 8.9 2 .. 6 15.0 ·48.3 0.81 

LMI 155 72.4 30.7 7.6 110.7 12.5 8.0 2.5 5.7 0 79.4 108.1 1.02 

LMO 169 74.9 31.8 5.6 112.3 12.1 7.5 2.5 4.8 1.3 77 .6 105.8 1. 06 

\.0 SLE 267 134.1 48.5 6.8 189.4 47.8 8.5 3.~ 5.6 3.2 108.6 178.0 1.06 
I 

..j:::> 

342 67.4 SU~ 24.3 10.4 102. 1 7.5 11.5 3.3 11.3 4.1 67.6 105.3 0.97 

WLE 363 18.7 2.9 <1.4 23.0 7. 1 2.0 . 0.8 1.4 <0.6 13.8 25.7 0.89 

WLW 388 20.0 3.9 5.1 29.0 6. 1 2.0 0.8 2.4 1.4 12.9 ·25.6 1.13 

, . 



efficiency of the storm remained the same. Changes in scavenging efficiency 
are possible due to changes. in rainfall intensity, for example. To substantiate 

. some of the;;e possibilities, a detailed analysis of local micrometeorology as 
\lJell as regional weather patterns will' have to be made. It could further be of 
i nteres t to ascerta i n if the frequency of such vari abi 1 i ty showed any seasonal 
dependency. 

In the summer of 1978 distinct sulfate and hydrogen peaks were observed. The 
relative concentrations of these ions versus nitrate, ammonium, and calcium lead 
to the conclusion that these summer rains were dominated by sulfuric acid 
(hypothesis 3). However, for the summer of 1979. the pattern is less clear 
(Figure 8- 1 ); the inputs, except for the single event at the end of June, were not 
dominated by sulfurtc acid, although it would still be one of the major species. 
During the winter, the sharp decline in the S04/N03-ratto to a point where this 
ratio was less than one~ signals the relative importance of nitric acid. It is 
of interest to examine this point further. To do this, Table 9-2 has been com
piled. This table examines two separate winter periods when both rain and snow 
were reported across the network for various events. The analysis .is somewhat 
compl i cated by the observation that mixed precipitation may be occurring at a 
given site when sampled, but at a different time and site during the same event 
rain or snow may be falling. If only the S04/N03,"ratios in Table 9-2 associated 
with either rain or snow are reviewed, it is clear that snow is characterized 
by a lower average value for that raUo than rain. The most drastic example of 
this occurred on January 11 , 1979, when this ratio ranged from 0.088-0.11, the 
corresponding H/N03-ratios for this event ranged from 0.82.,.1.00. Collectively, 

, the resul ts suggested differences in scavenging effi cienci es between rain and 
snow. an observati on of potential importance for the understanding of scavengi,ng 
processes in terms of the nature of the pollutants (particulate sulfate, gaseous 
nitrate) as well as snow pack storage (cf. below) and release. 

With respect to hypotheses relating to canopy effects (hypotheses 9 and 10) there 
is no question that both volume and composition of rain were effected. Thus, 
volume of precipitation collected under a Hemlock stand was 30 to 50 percent 
lower than i.n the open. The amount of interception varied' with . the intensity 
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of precipitation and time of .year. Preliminary observations indicate that the 

chemistry of the incident precipitation \l'Jas altered dramatically, e.g., calcium 

ion concentrat ion in thrufa 11 was enriched up to 600 percent. Thrufa 11 chern; s try 

shows seasonal trend, e.g., there was a dramatic increase in chloride concentration 

during the summer (as much as 1900 percent) while during the winter the increase 

was modest (as much as 200 percent). Generally ionic loadings follow the trend of 

ionic concentrations. The modification of rain by the forest canopy therefore'" 

becomes a major aspect that requi res future detaned consideration for forested 

watersheds and ecosystems if long term effects are to De quantified. 

Data analysis of dry deposition measurements in this study did not full.y support 

or disprove hypothesis 8. Volchok and Gravenson (V have postulated that the dryfall 

bucket surface is r~presentative of natural surfaces. Their postulate was based' 

on fallout studies in which radioactive material collected 1'n dryfall buckets and 

on natural surfaces was found to be equal. If.yearly dry mass fluxes are compared 

with yearly mean ambient air concentrationsC~) terminal settling velocities can be 

calculated. These calculated values can be used to predict parttcle sizes collected 

by the dry buckets. It is clear from these calculations' that the dryfal1 buckets 

collected mainly large particles (d)20 urn). ~,s expected~ Consi'dertng that most of 

the mass is associated with large parti'cles, dryfall collection is felt to be very 
" ~ 1 \ ' 

useful in estimating dryfall inputs. However~ care mustoe used When i:nterprettng 

dryfall data as local terrestrial sources of large particles. egn often bi,(\$, the 

data and predict hi'gh atmospheri'c loadings', 

Dry deposition measured using dryfall buckets was discontinued after nine months 

of the study at all sites except WLW. This is thought to have been a major mistake. 

In a current study, dryfall collec1:ion was reinstated at all sampling sites. 

Table 9-3 shows a comparison between wet loadings and dry loadings for the three 

watersheds for one calendar year. The dryfall loadings represent a significant 

amount of the total loadings and support hypothesis 7. Since the collection 
-

eff; c i ency cif S02 us i ng a dryfa 11 bucket is unknown but felt to be very sma 11, S02 

was calculated as a watershed loading assuming an atmospheric concentration of 

5 u9/m3 and a deposition velocity of 0.8 em/so Dryfall loadings of hydrogen ion 

were based on the pH of the extracted samples. Since dryfall samples \'/ere not col

lected at Panther and Sagamore after January 1979, loadings were calculated using 

Woods Lake data as a weighting factor and 1978 dryfall data for each site~ 
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TABLE 9-2 

S04/N03 in WET PRECIPITATION (RAIN & SNOW) 

Date Type BMA UlI LMO SLE SLW WLE WLW (S04/ N03) 

12/11/78 S,M 1. 31 1.15 1. 31 1.42 1.36 L23 1.30 
12/14 S 0.50 0.66 0.42 0.42 0.50 
12/18 S 0.34 0.34 0.29 0.27 0.24 0.36 0.37 -0.32 
12/22 S,M 1.22 1. 19 1.16 1. 31 1 . 14 1.21 1.20 

12/27. S 0.71 0.53 1.52 1.59 0.91 0.60 0.85 1.02 
1/2/79 M,R 1.00 1.27 1.20 1.07 1.00 0.99 1.09 

2/22 S.M 1. 78 1.53 1.72 1.76 1. 70 1.87 

2/24 R ,1.75 2.24 1.82 1.66 2.25 1. 73 1.91 

2/27 M,S 2.42 6.05 3.49 1.72 4.06 3.53 3.60 

3/2 S 0.54 0.20 0.45 0.21 0.74 0.93 0.51 

3/5 R 2.23 1.64 2.15 2.05 2.37 2.13 ·2.09 

3/6 R,M 1.68 1.80 1.32 1. 31 1. 51 1 .71 . 1. 76 
3/10 R 1.07 0.91 0.99 0.82 0.96 1.04 0.96 

3/14 S,R,M 0.85 0.70 0.73 0.95 0.73 0.87 0.90 

3/26 M 2.65 1.13 1.27 1.15 1.41 1.34 1.49 

3/27 S (3.50) 0.84 1.12 0.93 0.96 

3/30 R 1.27 1. 27 1. 16 1.41 1.46 1.26 1. 31 

3/31 R 1.61 1.64 1.61 1.62 1.56 1.43 1. 58 
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TABLE .,9-3 

ANNUAL f-iASS FLUX 

Eq/ha/y 

June 1978 - May 1979 

\~oods Panther Sagamore 
~let Dry '. ~/et Dry· Wet Dry 

5°4 834 . 112 821 129 688 119 
- ' 

62 .-N03 433 • 392 . 97 307 67.·.· .. . ' 
.' 

- <:l' !,·4 

'" 
~.~ ". 

C1 ,48 12 44 11 36 11' ':"-
. ' . 

.' 
E(- ) 1315 186 ,1257 237 1029 197 . 

.-
",' 

'. NH 226 32 214 .36 161 . 37 .' 

, 4 
Ca 127 69 102 100 . 134 70 

~ .. ' 

149 39 16 33 21 25 18 

Na 44 17 42 15 34 ., .15 .' 
.. 

",. 

K. ' 21 11 17 9 15 ,10 

. t(+)-:-H ·457 145 408 181 369 150 

H 863 87 861 '112 696 . 100 
. , . 

, 

E{+) 1319 232 1268 293 1064. ,250 

" " 

E(+) 1.00 1.25 1.01 1.24 1.03 1.27 Er-T .' . 

NO/S04 0.52 0.55 0.48 0.75 0.45 0.56 

. H/S~4 1.03 0.78 1.05 0.87 1.01 .0.84 

S02 (calculated) -400 -400 -400 
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Snow storage based on snow coring data (water equivalents) showed that maximum 

storage occurred during mid-February. Snow coring data were quite variable but 

severa 1 trends were observed. L·loods Lake watershed had a 1 arger water content 

storage than Panther or Sagamore. Concentrations of ions in the snowpack, however. 
were similar for all three basins. All three watersheds showed much greater 
nitrate and hydrogen storage than sulfate. Storage of hydrogen and nitrate were 
greater in the open than under tree cover. Sulfate storage'was simtlar under .': 
cover and out in the open even though water content was generally greater 1n the 

open. During the first thaw, for a small decrease in water content~ a large de

crease in ionic concentration was observed. 

Of all these trends perhaps the most disturbing is the large concentrations of 
nitrate in the snowpack. The concentrati.on of nitrate was much higher than sul fate; 
this observation leads to the fact that the Adirondack region is one of the few 

places in the world where this appears to occur. The long term ecological impacts 
of these high nitrate concentrations when released in a large slug during spring 
thaws are currently unknown. 

Numerous other specific investigations can be fuade with the data b~se. For 
example, chlorides can be used as a tracer for estimating the distributi,on of 

maritime air masses over land, since the single major source of atmospheric chlodde 
ion is the ocean. Earlier studies have examined the distribution rif sea salts over . 
the United States using Cl- (l). Other studies have discussed the contribution 
of sea salts to precipitation chemistry (~J. 

The average sea salt Cl-/Na+ ratio on an equivalence basis is 1.17. 

period from June 1978 to May 1979 the \'iei.ghted mean Cl"'"/N/ rati,o in 
For a one year 
the Adirondack 

study area was found to be 1.10 or 0.9,4 Umes the theoreticalrati.o with. chlQride 
and sodium ion concentrations of 3.70 and 3.35 uequ/l. Junge in a similar one year 
period from 1955 to 1956 obtai,ned ratios 0.99 and 0.85 at two stations in north
eastern New York (5). Junge's sites received average concentrations of 6.77 and . -
8.26 uequ/1 for chloride and sodium, respectively. Selected samples, with values 

, .' - + - + between 0.7 and 1.2 for the ratlo of observed C1 INa to sea salt Cl INa were used 

for an estimate o! the contribution of SO~ from sea salt to total SO~ in precipita
tion. The C1-/S04 ratio in sea salt is 9.68 on an equivalence basis. ,By assuming 
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that the source of chloride is the ocean and all ions in sea salt are distributed 

by atmospheric processes equally, the contribution of sea salt sulfate to wetfall 

sulfate can be estimated. In 85% of the cases (within the 0.7 - 1.2 ratio range) 

sea salt contributed less than 2% of the wetfalT sulfate. Sulfate had a weighted 

ion concentration of 65.5 ueq/l. This agreed with the Rrev;ous observations of 

Junge (5) who found sea salt contributions of 1.7% and 1.3% to average annual 

sulfate concentrations of 47.7 and 60.2 ueq/l, respectively .. Further analysis··· 

of these results with respect to regional wind directions is in order. 

';..-, 
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Appendix A 

TASKS AND AMENDMENTS 

The objectives stated in Section 1 were formulated as Tasks. Both are listed belQW 
as given in the SCHEDULE TO AGREEMENT; 

Objectives 

. The objectives of thi.s research are: 

1. To monitor the amount and chemical nature of substances deposited by 
precipitation (rain and snow) in the three watersheds to be studied 
by Virginia/Cornell. 

2. To identify temporal and spatial trends in acidic deposition to the 
wa tersheds. 

3. To monitor the fallouts of dry, large particles. 

4. To correlate variations of acidic deposition with meteorological 
factors. 

5. To estimate, by examination of storm and air mass trajectories and the 
emission inventories to EPRI's Sulfate Regional Experiment (SURE), the 
relative contributions of various source regions of acidic deposition 
in the Adirondack region. 

Extrapolations to conditions and activities beyond the period of this contract or 
to other geographic areas are not required. 

Task 1: Sample Collection 

The Contractor shall install, calibrate, operate and maintain at least six (6) 
automated prectpitation collectors with wet/dry separation, recording rain gauges 
with event recording capabil i ty to indi cate whether the wet coll ector is open or 
closed" temperature and wind measuring systems, and pH and conductivity meters, 
with sufficient spare components to insure 90% reliability of operation. 
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At least one col1ector will be located in each watershed to be studied by 
Virginia/Cornell, i.e. 

Name 'Coordinates 'USGS Quadrangle 

Sagamore Lake 43046'N 
740 38'W 

Raquette La ke 

Woods Lake 430 S3'N 
740 S7 1 W 

Big Moose 

Panther Lake 43041 'N 
740S5'W 

Old Forge 

A second collector will be located in the watershed, where feasible, or in the 
. general vi ci n ity of the watershed. A seventh co 11 ector will be located nei:\. r the 

Contractor's field station to provide maximum probability for a continuous pre
cipitation collection record in the general region during the period of study. 

The sampling network shall be operated continuously over the period December 1, 
1977 to July 31, 1979, or as soon as possible pending equipment availability. 
Samples shall be collected on an lIeventll basis, i.e., both wet and dry samples 
shall be removed daily from the collectors if precipitation has occurred since the 
last sample. was changed. This schedule may be temporarily adjusted, as necessary, 
if severe weather limits accesibility to some collectors. Based on this criterion, 
it is estimated that samples would require changing about 2-3 times per week at 
each collector. 

During the snow season, snow cores will be taken weekly, in each watershed, both 
;n open field and under tree cover, as described in the original proposal. 

Po lyethyl ene containers will be routine 1y used for the wet and dry deposi ti on 
collection, with some comparison testing of other container materials. 

A field research engineer will engage other Contractor personnel, as required, 
for sample collection. 

The Contractor shall prepare and submit to the EPRI Project Manager within eight 
weeksof the contract start date, a fiel d operati'ons manual for review and comment. 

Task 2: Sample Analysis 

Immediately following collection, sample weight and volume, pH and conductivity 
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(wet sanlples) shall be measured at the Contractor's field station. Samples will 
be refrigerated after collection~ and wil1 be delivered to the Contractor's central 
laboratory for chemical analysis, which shall include as a minimum: pH. conduc-
tivity, Al Ca, Cl, K,Mg, Na, NH4, N03, P04, S04~ titrable acidity (buffer capacity) v 

dissolved organic carbon. 

Chemical data shall be reported as concentration in precipitation and as total 
deposition (normalized to the rain gauge measurements). Distinction shall be made 
between the soluble and insoluble components in precipitation. 

For one complete laboratory analysis, approximately 95 ml of sample are required 
without dilution. Replicate analysis will be performed whenever sample volumes 
permit. Blind blanks and calibration standards will also be routinely analyzed 
for quality control. 

Whenever sample volumes are less than.95 ml, a judgment will be made at the Dlain 
laboratory whether to integrate the sample with another of the same precipitation 
event. Ir this is not possible, chemical constituents will be analyzed on a 
priority basis. 

To provide quicker access of data to senior personnel and improve reliability~ the 
Contractor will purchase and install with its own funds a microprocessor/teletype 
system in the analytical laboratory. 

Task 3: Data Reporting 

A proposed format for data representation and storage will be prepared and sub
mitted to the EPRI Project Manager for review and comment within eight weeks of 
the contract start date. Data will be forwarded weekly from the Contractor,'s 
analytical laboratory to the Contractor's computer center for transcription to both 
hard copy and computer tape {IBM-compatible, 9-track EBCDIC)format. Six-month 
interval data sets will be transmitted to EPRI in hard copy and computer tape 
formats. 

Task 4: Meteorological Correlations 

Local weather data obtained from the watershed; meteorological stations, and 
regional data from National Weather Service stations at Syracuse, Albany, and 
Burlington, VT will be collected and archived. Upper air data will be obtained 
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for the general region from the NWS rawinsonde/radio sonde \'Jork. Radar observa
tions of clouds and iiir mass trajectory forecasts \'Jill be obtained from the NWS 
service circuits. 

Routine meteorological data will be stratified by climatological and synoptic 
types for regression against precipitation chemistrY and deposition parameters • 

. Case analyses will be made with diagnostic air mass trajectories obtained from 
the National Oceanic and Atmospheric Administration or other sources. 

The contract was later amended to revise the SCOPE OF WORK. 

In subarticle of the Schedule toAgreement~ Objectives~ Objectives 3 and 4 are 
deleted. 

In subarticle of the Schedule to Agreement, Scope~ the following changes are made 
to subparagraphs TasKs 1, 2, and 3. 

1. Collection of dry particle fallout with the Aerochem Metrics collector 
will be deleted at all sites except Woods Lake Station, WLW. 

2. A bulk collector for total wet and dry deposition will be added to each 
sampling site. Samples will be collected and chemically analyzed by 
the same protocol as the current wet-only samples. 

3. A throughfall bulk collector will be installed under a mixed stand of 
trees on an experimental basis. Samples will be collected weekly 
during the snow season and collected on the same schedu1e as the wet
only collector during other times. Analysis will be similar to the 
bulk collection. . 

4. A hi-vol sampler for total suspended particulate collection and water 
soluble chemical analysis (including sulfate and nitrate) will be in
stalled and operated continuously with 24-hour collection periods. 

5. The present chemical analysis for orthophosphate will be changed to 
total phosphate 

6. Weekly data aggregates, where reported, will use Monday through Sunday 
composites to match NOAA and USDA conventions. . 

7. In subarticle of the Schedule toAgreement,Scope~ subparagraph Task 1: 
Sample Collection, the phrase uDecember 1, 1977 to July 31, 1979" is 
changed to "December 1. 1977 to August 31, 1979. 11 
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Subparagraph Task 4: MeteorologitalCorrelations, js deleted in its entirety 
and the following substituted: 

Task 4: Local Meteorological Data - Local meteorological data obtained 
from the three watersheds and the National Vieather 'Service Station at 
Old Forge, New York is to be reduced, error checked, and archived. The 
final data base is to include three (3) hour averages of temperature, 
wind speed and direction, and precipitation; daily maximum and minimum 
temperatures; and three (3) hour instantaneous maximum and minimum wind .
speed. 
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ILWAS SITE DRAINAGE BASIN MAPS 
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1.0 APPARATUS 

APPENDIX C 

ATMOSPHERIC AIR SAMPLING ~HTH A 

HIGH-VOLUME AIR SAMPLER 

A filter conditioning environment, that is, a dessicatedenvironment 
maintained at constant temperature and constant humidity. A large 
drying oven at room temperature containing indicating silica gel was 
used .. 

An analytical balance, equipped with a weighing chamber designed to 
handle 8 1/211 X 11" filter paper (Torbal Balance). 

A numbering scheme for printi·ng identification numbers on the filter 
papers. 

2. 0 PROCEDURE 

2.1 Filter Preparation 

2.1.1 Number the filter medium in ink on blo diagonally opposite 
corners., one on front and one reverse. Make sure the marks 
ar~ outside the area to be exposed. 

2.1.2 Equilibrate the filters in the filter conditioning environ
ment for 24 hours. 

2.].3 Turn the analytical balance on to warm-up for at least 15 
minutes. Zero the scale. Be careful not to bend or crease 
the filter paper when placing it in the weighing chamber. 

2.1.4 Place the weighed filter in a manila folder for transport 
to the field. 

2.2. High-Volume Air Sampler Preparation. Including Calibration (1) 

2.2.1 A new set of motor brushes is to be installed prior to 
taking first sample. Keep a record of the weat on the 
brushed for every motor. If they exceed 400 hours of use, . 
replace them. 

2.2.2 If a High-Volume air sampler manufactured by General Metal 
Works or BGI, Inc. is used: place the filter on the sampler. 
Set the calibration head on the filter paper and screw it 
down firmly. Turn the motor on and set the static pressure 
between the calibration head the ambient atmosphere to . 
10.0 inches of water column. Record the static pressure 
(the value can be converted to CFM using the manufacturer's 
calibration curve). Remove the calibrati.on head and place 
the fi lter holding frame on the fi lter. screw it down fi rmly. 
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2.2.3 If a High-volume air sampler manufactured by MISCO, Inc. 
is used: place the calibration head on the sampler. Turn. 
the motor on and set the static pressure between the cali
bration head and the ambient atmosphere at 10.0 inches of 
water column. This is accomp1ished by turning the black 
knob located below the motor (inside the housing). Record 
the static pressure (the value can be converted to CFM 
using the manufacturer~s calibration curve). Remove the 
calfbrat;on head. Secure the filter paper in the filter
holding section and insert the filter-holding section in 
the sampler. 

2.3 Opera iton 

Set the timer to run for a 24 hour period. Turn the timer on and 
close. the sampler ltd. The sample should run without attention 
for the 24 hourpertod. . . 

2.4 ·Un]oaai.ng.of pi,lter papers 

2.4.1 For the Fligh-volume air sampler manufactured by BGI, Inc.: 
remove the filter",holding frame and place the calibration 
head on the filter paper. Screw it down firmly. Measure 
and record the stati.'c pressure (convert to CFM). Remove 
the filter paper, Fold it in half 1 engthwi se with the di rty 
side tn (be careful not to lose deposited material); and 
place it in a manila folder or plastic sleeve for transport. 

2.4.2 For the High-volume air sampler manufactured byMISCO, Inc.: 
remove the filter.,..holding section and place the calibration 
head in the sampler. Measure and record the static pressure 
(convert to CFM). Remove the fi'lter from the fi'lter-holding 
section. Fold it in nalf lengtllwise with the dirty side in 
(be careful not to lose deposited material), and place it 
in a man i'1 a folder for transport. 

2.5 Gravimetric Ana lysi.s of the Exposed Filter 

2.5.1 Equilibrate the exposed filter for 24 hours tn tbe filter 
conditioning envir6nment. 

2.5,2 ~Jei:gh the exposed fi,1ter on the analytical balance. 

2.6 Extraction of Sulfates and Nitrates from Suspended Particulate Matter 

2.6.1 Take the folder filter paper and cut a 6 3/8" x 7 3/8" 
rectangle from the center of the filter. This represents 
50% of the sample. 

2.6.2 Place the sample (50% aliquot) into a 125 ml flask and add 
50 ml of distilled water. 

2.6.3 Attach flask to a reflux condenser (which has been rinsed 
thoroughly) and reflux for 1 1/2 hours. 
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2.6.4 Remove flask from condenser~ cool ~ and filter solution 
through Whatman #1 paper (11 cm) into a 100 ml graduate. 

2.6.5 Repeat the extraction using 10 to 15 ml distilled water 
and heating only a few minutes without the condenser. 

2.6.6 Ftlter the washings through the same paper into the 100 ml 
graduate. Continue washing and filtering until volume of 
ftltrate is 80 ml (cool to room temperature before making 
final dilution to 80 mll, 

2.7 Transfer the sample solution to a sample bottle, stopper, label, 
and hold for use in future analysis. 
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APPENDIX 0 

PAPER DESIGNATIONS 

Binder1ess Fiberglas (Cat. 25/810) 
BGI Incorporated 
Waltham, MA 02154 

Type E70-2075W (J 1259) 
Pallflex Products Corporation 
Kennedy Dr ive 
Putnam, Conn. 06260 

Type 2500 QAST 
Reference No. 37970 
Pa 11 fl ex 

Type 2500 QAS 
Reference No. 37978 
Pall fl ex 

Type TX40H120 WW 
Reference No, EMFAB 
Pall flex 

- high purity processed glass fiber filter. Blended fibers 
. for high efficiency and low resistance. Approximately .0065 in. 

thick reinforced with glass filament mesh for high strength. 

.. Very low water extracta51es, especially of sodium chloride and 
sulphates. 

.. Neutral pH and Teflon i,ntegrated for moi,sture resistance and 
high wet strength. 

Type T60A20 (formerly T600A.20) 
Reference No. 1163A2 
pall fl ex 

- Micro glass fibers with TFE binder on fibers. 
2 ' 

- 3.2 grams/ ft 

7.0 mils (~1.51 thtck 

.. Fil tration effictency + 90% (under 1 ml 

Ai.'r resi'stance approxtmately 2. a" WG· 

.. Temperature reststance 600°f" BOOof thigh temperature for 
short exposure time) 
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