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ABSTRACT

The acidity of rain has been increasing in the N.E.-U.S.A. and
elsewhere (e.qg., Scandinavié) and is having adverse ecological effééts. Relatively
little is known about the chemical composition and acidity of atmospheric preci-
pitation and subsequerit effects in the western U.S.A;, and thus this study was
conducted to monitor the chemical characteristics of atmospheric preéipitation
in California. Wet and dry precipftation were monitorgd on-an event basis at
the following eight locations during the wet season, November 1978 through May
1979; Berkeley and San Jose (pollution source areas in the San Francisco Bay
area), Davis and Parlier (in the central valley, agricultural areas), Hopland
and Napa (coastal ranges, agricultural and fangelands), Challenge (lower Sierran
~ forest), and Tahoe City (on the sﬁore of Lake Tahoe). Acid rain (pH < 5.6) was
commén at all eight sites. Mean pH of storms varied from 4.42 at San Jose tp
5.20 at Davis, and the lowest pH of any storm was 3.71 at San Jose. The primary
cause of the acidity was probably the air pollutants N0x and SOX, following their
dissolution iﬁ wet brecipitation. N0§ was the anion most closely correlated with
H+, and nitrogen generally occurred in greater ahounts thaﬁ sulfur. Appreciable
quantities of dry.deposition were also measured, but more research is needed in
procedures for quantifying dry atmospheric deposition. Although Nog concentration
(119/1) and acidity (H+ concentration, ug/1) of wet precipitation were greatest
in pollution source areas, total deposition (kg/ha) of NO% and H' were greatest
in the non-urban receptor areas of Napa and Challenge; this was largely a function
of the greater precipitation volumes gt these two sites. Thus ecological effects’
may be expected in the coast ranges,,Napé va11ey‘and Sierras within the general

west-to-east "wash-out fan" of wet precipitation, ‘as we]]ias within po]]ﬂtion-




source areas. The concentrations of both C1~ or Na' in wet precipitation were
found to be highly predictable functions of distance from the ocean, and provided
useful tools to predict the contribution of oceanic salts at sites up to 280 kmv
inland. Continued monitoring of atmospheric deposition in the western States
should be made through interagency cooperation. Research efforts shbu]d also

be encouraged to elucidate effects of "acid rain" on soil, water and plant resources,

as the problem appears to be widespread and is likely to increase in severity.
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1. OBJECTIVES

To determine whether California has an "acid rain" problem, by monitoring
and characterizing both wet and dry atmospheric.precipitation during the
wét season of 1978-79, in air-pollution source areas and non-urban receptor
areas where environmenial effects may be most critical.

Tb determine which anion is most closely associated with the hydrogen ion,
and thus indicate which air pollutant(s) are the most brobab]e cause(s) of
the acidity.

To determine correlations between chemical characteristics of atmospheric
precipitation within and between sampling sites, and possible relationships
with prevailing meteorological conditions, which may suggest the nature and

geographical extent of the potential "acid ra1n“ problems




2. CONCLUSIONS

Acid precipitation commonly occurs and is widely distributed in northern
California. Mean pH of storms in 1978-79 at the eight sampling sites
varied from 4.42 at San Jose to 5.20 at Davis, and the lowest pH of

any storm was 3.71 at San Jose. Thus rain was often about 10-100

times more acid than unpolluted rain, which has a theoretical pH of 5.6.
On a chemical-equivalent basis, more nitrate is present in wet preci-
pitation than is sulfate. Nitrate is also the anion most closely
correlated with the hydrogen jon at six of the eight samp]iﬁg sites,
thus ajr poT]ution by NOX, forming nitric acid (HN03), is presumed.to

be the primary cause of the acidity of rain; SOZ’ forming sulfuric acid
(H2504),.appears to be the secondary cause at the present time.

Total dry depositions of chemical constituents between storms is less
than, but of the same order as, total wet deposition during storms.

Dry deposition during summer would greatly increase the dry deposition
values recorded in this study which was conducted in the wet season.
Total deposition of ionic constituents of precipitation is a function

of both ionic concentration, and total volume of raiﬁ or amount of dry
material. Total wet depositions of both nitrate and hydrogen ions were
greatest at the Cha}]enge and Napa sites. As these sites are some
distance from the San Francisco Bay area, it is concluded that acid rain
{s widely distr%buted from pollution source-areas to non-urban, receptor-
areas. Thus ecological effects may be expected in the coast ranges and
"Sierras within the general west-to-east "wash-out fan" of wet precipi-
ltation as well as within the source area where total depositigns are

lower but concentrations are higher due to lower rainfall.



Coastal sites receive large amounts of oceanic salts. . The highly

significant correlations between concentrations of either sodium or

ch]or1de in wet precipitation with distance from the ocean, prOV1de

usefu] tools to predict the ‘contribution of oceanic salts at sites

up to 280 km inland.
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3. RECOMMENDATIONS

Monitoring of both wet and dry atmospheric deposition should ﬁe

continued in California with objegtives similar to,spose ofjgir-pol]ution

. monitoring schemes. A carefully designed network w?u]d give the most
informative data, and monitoring on an event basis;&ou]d permit the most
legitimate predictions to bé made of possible eco]ﬁgica] effects. This
continued monitoring task would be best undertakeﬁ by an agency or‘inter—
agency organization. Integration with a national U.S. network of precipi-
tation monitoring would also be advisable. An 1ntefagency symposium on the
subject of "acid rain" is needed immediately, for educational and coord{nation
purposes.

Close attention should be_given to total deposition values (especially of H+)
as well as concentration values, to anticipate and/or interpret different
types of ecological effects, e.g., plant or fish sensitivity to acidity may
largely be determined by a "threshold pH", whereas accelerated soil leaching
and rock weathéring are more likely to be determined by increases in the total
deposition of acidic material.

.A1though nitrate is the anion most closely correlated to acidity, sulfate

in both wet and dry prec1p1tat1on should also be given close attent1on from
now on, particularly as sulfur pollution is the primary cause of major “acmd
rain" problems elsewhere (e.qg. N.E.-U.S.A.), and because increased sulfur
pollution ié anticipated from recently proposed, coal-burning power plants

to bé built in California, and from tertiary oil-recovery activities.

More research is needed on the collection procedures and data interpretafion
of dry fallout, as this type of atmospheric deposition may be even more -

important in many areas of California than is wet deposition.
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6. KEY TO SYMBOLS AND ABBRFVIATIONS

Berkeley

Tahoe City

Kearney
Challenge
San Jose
Hopland
Napa
Davis

Chemical Symbols:

Superscripts (e.
Square brackets

hydrogen
carbon
oxygen
sodium
potassium
calcium
magnesium
iron
manganese
copper
zinc
sulfur

?e g. [Mgé

Units of measurement:

ueq
ml
]
cm
m
km

g
kg
umho

N
o
C

HCO
NH4
SOq
HN03
HoS04

C1
HpC04

,pH a measure of ac1d1ty = -log [H*].

[LAB]’
[FIELD]’

Statistical symbols:

*#R M5 5 >
B o

*»
*

. dkk

- sample number

pH measured in the laboratory.
pH measured in the field.

simple correlation coefficient
coefficient of determ1nat1on

mean

standard error of mean
alpha value, or probability level

5% probability level:
1% probability level
-0.1% probability level

sum

micro-equivalent
milliliter

Titer
centimeter

meter

kilometer

gram

kilogram
micromhos

nitrogen
chloride
carbon dioxide
bicarbonate
ammonium
nitrate"

sul fate

nitric acid
sulfuric acid
hydrochloric acid
carbonic acid

ndicate ion charge and valence.
+1) 1nd1cate ion concentration.
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7. INTRODUCTION

The purpose of this study was to monitor the main _inorganic
constituents of wet and dry atmospheric deposition in northern California,
and to determine whether California has a potential "acid rain" problem.

It s important, therefore, to understand what acid rain is, how it is
formec, and what propiems might arise if acid rain occurs. This introduction
s1sc documents the known reports and data that are relevant to Cajifornia

in particular, and outlines the general "acid rain" problem elsewhere.

Acidity of a solution can be described by its pH value. The ﬁH
<cale ranges from 0 to 14, and pH 7 is usually considered to be neutral;
above pH 7 a solution is alkaline (or basi;), and below.pH 7 a solution is
ntid. Because the pH scale is logarithmic, pH 4 is ten times more acid than
aH &, and oné-hundred times more acid than pH 6, étc. However, rain is not
pure water, but contains various dissolved salts and other substances. Rain
in its normal, unpolluted state is slightly acid, with pH 5.6, this being due
'.to carbonic acid (H2CO3) which is a product of the dissolution of atmospheric
carbon dioxide (COZ)' Thus, “acid rain" is defined as_rain with a pH less
than 5.6. .

The oxides of sulfur and nitrogen (SOx and NOX) are oxidized in the
atmosphere and form sulfuric and nitric acids (H2$O4 and HN03), which contribute
to the acidity of rain: Chlorine emissions may also result in acidity (by
hydrochloric acid, HC1), but usually only close to emission sources, whereas
sulfur compounds (and maybe those of nftrogen too) can be transported several
hundred kilometers per day in the atmosphere.

Sulfgr oxides are primarily emitted from stationary sources such

as utility and industriai coal-burning boilers. Nitrogen oxides are emitted
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from bhoth stationary and mobile sources, especially automobiles. Recent
data of the U.S. Environmenté] Protection Agency (E.ﬁ.A., 1979) show that
about 56% of NO, emitted in 1977 was caused from the burning of fossil fuels
by stationary sources, while 40% came from transportation-related sources.
Emissions of NOx from stationary sources are likely to increase rapidly in
the next 20 years, as combustion of fossil fuels is expected to rapid]y
increase in this period also (E.P.A., 1979).

The combustion of fossil fuels in the United States results in about

50 mi]iion metric tons of SOX and NOx being emitted to the atmosphere. In 1977, - |
SOx accounted for 14% (27.4 million metric tons) of the total air pollution
while NO, accounted for 12% (23 million metric tons) (E.P.A., 1979). These
huge emissions of air po]]utanfs resﬁ1t in acid;fain, which is how a common
phenomena 1in the N.E.-U.S.A. (Likens, 1976), and also in Scandanavia where
it was first identified in the early 1950's (e.g., Barrett and Brbdin, 1955).
According to Likens (1976) and others (Cogbill and Likens, 1974; Likens et
al., 1979), the acidity of rain has been ihcreasing in the N.E.-U.S.A. and is
having adverse ecological effects such as degradation of water-quality, fish
productivity, and possibly forest productivity, and may also cause accelerated
soil-Teaching. Similar e%feéts have been widely documented by Scandanavian
workers who have taken the pioneering role in studying acid rain effects as
.well és monitoring acid deposition.

The monitoring of acid rain at various locations in the world, and
results of some studies on its effects, were documented at the Firﬁt International
Symposium'on Acid Precipitation and the Forest Ecosystém (Dochinger and.Se1iga,

]975; McCormac, 1976, 1977). The following reports are also useful, general
refefences on the subject, and'essehtia11y represent the present "state-of-the-
art": Likens (1976), Likens et al. (1979), Glass et al. (1978), Ga]]oway and
Cowling (1978), E.P.A. (1979), U.5.D.1.-U.S.G.S. (1978), N.A.D.P. (1978),
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E.P.R.I. (1979), Niemann et al. (1979).

In contrast to Scandinavia or the N:E.—U.S.A., fhere has been much
less concern (or knowledge) about atmospheric deposition in the western U.S.A.
One nf the main reasons for this apparent lack of concern, is that there are
littie data available for the western area that either document the chemical
characteristics of precipitation, or that document environmental degradation
caused by changes in precipitation chemistry. Another reason why data for
the western U.S. is not very extensive, is that emissions of the air pol]u£ants,
SOx and NOX, are not as great in the west as the eastern U.S., and thus
ecological effects are thought to be less. For example, in the San Francisco
Bay area, a 5-year average concéntration of air borne NOé was 2.78 ug/m3,
exceeding the nationa1'urban average of 2.40'ug/m3, and the 5-year average
Tor SOE' was 2.68 ug/m3, which is only slightly above the remote non-urban
background level of 2.51 ug/m3 (Sandberg ef aj., 1976) .

As mentioned earlier, data on the chemistry of atmospheric precipi-
tation in the western U.S. is fragmentary, and even less data exist on the
acidity of precipitation in particular. For example, various inorganic ions
measured in rain in the U.S. (including the western.states) were reported by
Junge and Werby (1958), but no pH measurements were made. Whitehead and Feth,
(1964) of the U.S. Geological Survey, monitored precipitation chemistry at
Menlo Park on San Francisco Bay, California, in 1957-59. The U.S. Geological
Survey has subsequently reported on rain at Menlo Park for a short period in
1971 (Kennedy et al. 1976), and for a three-month period in 1971-72, at both
Menlo Park and Petrolia (Kennedy et al., 1979) which is located near the
California coast about 500 km north of San Francisco. At Menlo Park, they

found that the pH of rain averaged 5.9 in 1957-58, 5.3 in 1978-79, and ranged
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from about 4.5 to 6.0 in 1971. Liljestrand and Morgan (1978) monitored rain
at Pasadena, California, where the mean pH was 4.06 in 1976-77, with nitric
acid being 32% more important to the acidity thaavwas_sulfurié acid; these
workers extended their study to 9 locations in S-California in 1978-79 (see
footnote, p. 30). Acid precipitation has also been measured at Richmond and
Livermore in California by the Department of Energy (DOE, 1979).

The author and associates have measured precipitation chemistry
(including pH) at Berkeley on an event basis since 1974 except durihg the
drought of 1975-77; the average pH {n 1974-75 was 5.0 (McColl and Bush 1978),
4.8 in 1977-78 (Bush 1979), and 4.7 in_1978-79 (this report, 1979), and we

~conclude that "acid rain" is a common phenomena in the San Franciscd Bay area,
and that research must be now directed toward its possible effects,.especial]y
those on the water,‘plant'and soil resources in California (McC011‘1978).

Mr. Robeft Reynolds recorded acid rain at Boonville and Sacramento,
California, as documented in an Air Resources Board Internﬁ] Memorandum dated
July 9, 1979; the lowest pH at Boonville was 3.6, and at_Sécramento was 3.5
during the two rainy seasons of 1977-78 and 1978-79. Acid rain has also been
measured at Lake Tahoe and Davis in 1971 (R. Leonard, pers. comm,). ‘At Hopland,
California (at tﬁe U.C. Hopland Field Station); sulfur and nitrogen depositions
have been measured in rain since 1958, but not until this present study has pH
been seriously measured there (Dr. Milton Jones, pers. comm.).
| Simi]ar]y,.acid rain has been measured during a short period in the
Seatt]e—Tacoma area of Washington gtate, at Aistances from the mqjor SO2 sources
at the Tacoma Smelter and nearby.fefineries (Laréon et al., 1976). 1In other
locations in the west, various inorganic constituents of rain have been mohitored

for different purposes, but these have not generally included measurement of pH

(e.g., Hart et al., (1973) in Utah, and Schlesinger»and Hasey (1979) in southern

California).
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Thus the time is overdue for the continuous monitoring of precipitation
chemistry including ol neasurement, and for the maintenance of air-qﬁa]ity to
minimize the occurrence and effects of acid rain in the western states. This
task will be especially difficult in California, in the light of increasing
vehicular use; and the proposed building of é coal- fired power.plant in the
enroal valiey. |

Atmospheric precipitation is comprised of dry components (particulates})
and wet components {rain, snow, fog). Sea-salts, natural air-borne dust, soil
particles, air-pollutants, and the rate, frequency, and distribution of rainfall
contribute io chemical characteristic§ of these components. The purpose of this
research project was to collect both wet and dry components of such atmospheric
precipitation in critical locations to determine the extent of "acid rain" in

"alifornia and to anticipate its possible ecological effects.
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8. METHODS

8.1 Sampling sites:

Eight sampling sites were located in northern California; at Berkeley,
Tahoe City, Kearney (Parlier), Challenge, San Jose, Hopland, Davis, and Napa (Fig.
1). A summary description of these sites.is given in Table 1, and more detai]ed'
descriptions in Appendix 11.1. | |

The sites were chosen as representative‘of diffefent geographical
and/or vegetation and land-uses. They also inciuded pollution "sourcé-areas" and
potential "receptor areas“-where ecological effects may bé important. They also
represent a network, each site being close enough to each other for interpretative
purposes, e.g., to infer possible atméspheric transport between "source" sites
(primarily Berkeley and San Jose) and "receptor sites" (all others).

8.2 Sampling equipment:

Collectors were 6f the wet/dry type, collecting Samp]es of both wet
precipitation and dry fallout. The instrument consists of a tWo—bucket system
with a movable 1id, designed to expose the wet bucket and cover the dry bucket
during peribds of wet precipitatioh, and vice versa (Fig. 2). Senéors, mounted
on the 1id, react electrically to the onset of precipifationlcausing the 1id to
move. Heaters mounted below the sensors, serve to melt both énow and ice, and
to evaporate moisture from the sensing é]ement. This instrument was purchased
from "Aerochem Metrics" of Florida (Model 201), and is one of the few types
reconmended by Galloway and Likens (1976) and also by a subcommittee that
established quidelines for precipitation‘measuremenfs in the U.S. National
Atmospheric Deposition Program (N.A.D.P.).

Field pH was measured at each site following each storm eVent using‘

Corning pH meters, newly bought and calibrated for this particular étudy to
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Fig. 1. Sites of sampling atmospheric precipitation

in California, 1978-79.
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Table 1. Description of study sites.
Site Location Descrintion QDistance - pie1q collector's
Designation . & elevation p (km) name and institution

BE Berkeley - Industrial and urban; 20 L. Monette and D. Bush,
U.C. Space Sciencés -pollution-source area; ' U.C. Berkeley.

Lab., 37°53', 122° oceanic influence.
15', 400 m.

TC Tahoe City Sierra forest; water- 260 R. Leonard, U.C.
39°08', 120°10°', shed and recreation Davis, and Tahoe
2,076 m. area. ‘Research Group.

KE Kearney Horticul- San Joaquin Valley; 170 R. Brewer, U.C. Davis,
tural Field Station agriculture “at Kearney Field Station,
at Parlier. 36°46°', Parlier.
119°43', 100 m.

CH Challenge Ranger U.S. Forest Service 215 M. Heath, U.S.D.A.
Station, 39°39', Expt. Station; mixed ~ Forest Service.
121°21', 790 m. conifer forest, Tower

Sierran foothills.

SJ San Jose State Industrial and urban; 30 Jindra Goodman &
University, 37°21', pollution-source area; Susan Fisher, San Jose
121°54', 22m. oceanic influence. State University.

HO Hopland Field U.C. Field Station 40 M. Jones, U.C. Davis,
Station, 39°00', Coast Range; grazing at Hopland Field Station.
123°03', 165 m. and watershed. ‘

DA Davis U.C. Campus, U.C. Davis campus field 100 G. Malyj, U.C. Davis
38°32', 121°46"', plot; agricultural and and Tahoe Research
18 m. ' urban. Group.

NA Napa, 38°17', Woodland on ridge above 55 M. Linn,

122°16', 280 m.

" Wooden Valley, Coast

Range; Woodland and
agricultural.

John Muir Institute,
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Plastic Buckets,
28 6cm i.D.,with capacity
of 13 liters. |

Lid moves from one bucket to another )

Therm o Tar sensor-
clate activates moveable ‘ Aluminum
iid, when wet /™, stand
~recipitation occurs. : |

Fig. 2. "Aerochem Metrics Model 201", wet/dry precipitation

collector for event monitoring.



ensure the best possible uniformity of measurement.

8.3 Sampling procedure:

Detailed instructiohs for event sampling, shipping and sforage of
both wet and dry pfecipitafion_that were used are given in Appendix 11.2; these
were the procedures given to each field operator, together with the manufacturer's
procedures for dpérating the pH meter. Detailed procedures were also demonstrated
to each field operator.

8.4 Chemical analyses:

Concentrations of the fo]lowing jons were determined: H+, Ca2+, M92+,
Na*, K5, Fe?t, Mm%t zn?*, cu?*, N NHy, NO3, SO57, €17, and also electrical

conductivity. ‘
’ The pH of each sample was measured in the field, énd wés a]so‘measured
in the laboratory using a Corning Digital 112 Reseérch Meter, calibrated with
‘buffers, pH 4 and pH 7, using the lTower buffer first. 25 m] of solution was
poured into a plastic beaker, and the meter allowed to equilibrate for 5 minutes
before the pH reading was recorded. Electrical conductivity of so]utioﬁs were
also determined énd results standardized at 25°C.

After filtration with a 0.45 mi!lipere filter and chemical digestion
” with boiling nitric acid pius hydrogen peroxfde, catioﬁs were determined by
atomic absorption spectrophotometry using a Varian, Model AA6 (Isaac and Kerber
1971, and Appendix 11. o)

Chloride was determined using a spectrophotometric method (Florence
and Farrar, ]971@ and Appendix 11.4), sulfate using a barium chloroanilate
spectrophotometric method (Bertolacini and Barney, 1958; and_Appehdix\]].S),
nitrate by a hydrazine reduction method (Appendix 11.6), and ammonium by the

indophenol method (Solorzano 1969) .
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8.5 Statistical analyses:

A11 data was punched on computer-cards and also recorded on bermanent
diccs st the Computer Center, U.C. Berkeley. Summarization of data and <ubse-
quent statistical anaiyses, including computation of means, standard errcrs,
various regressions, correlations, analyses of variance, etc., Were made using
the SPSS package proarams i.e., "Statistical Programs for the Social Sciences”
(N1e et al., 1975}, which are on file at the U.C.B. Computer Center.

".h Quajity assurance tests and comparisons:

Details of these tests and comparisons are given in Appendix 11.14
ind Table 3. They include: (a) effects of storage temperature, filtration
and storage time on hydrogen jon concentration of a wet sample, (b) correlation

between acidity of wet precipitation measured in the field and Taboratory (Table

+ a2+ 2+

i). (c) comparison of duplicate analyses of samples for Na+, K, Ca® , Mg",
NO&—N, NHZ—N, C1™ and SOZ’, (d) comparison of wet depositions at Davis, California,

from this study with that from a collector placed about 3 m away. The latter
collector was one in the National Atmospheric Deposition Program (N.A.D.P.)

network.
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9. RESULTS AND DISCUSSION

Wet and dry atmospheric depositions were collected separately and
analyzed at eight locations in California during the wet season, November 1978
through May 1979. The number of storms monitored at each site was as follows:
Berkeley, 25; Tahoe City,_35; Kearney, 23; Challenge, 17; San Jose; 20; Hop]and,”
24; Davis, 26; and Napa, 17. Wet precipitation occurred as rain except for 13
events at Tahoe City and 8 events at Challenge that were énow.

Voluminous data for each site and storm-event were tabulated; one
copy of these detailed, computerized results has been provided to the A.R.B.
Statistical data, including standard errors for mean concentration data is also
available fdr eacﬁ site and storm, For purposes of this report, however, summarized
data is sufficient to draw the necessary conclusions. Frequency distributions of
volume, [H+]LAB, [NOS], [502'] and specific cqnducﬁance for each site are given
in Appendix 11.7. ‘

9.1 Concentrations with emphasis on acidity:

Mean ionic concentrations of wet precipitation are given in Table 2.
There were differences between sites for most ionic constituents. Overall trends
are shown best by the sum of cations or anions and the electrical conductivity
(which is a measure of total ionic strength).

The pH of precipitation was meésured both at the field sites (immediately
following precipitation events) and at the central 1ab0katory on thé U.C. Berkeley
campus (about two days later). The correlations between the field and laboratory
pH-measurements are given in Table 3. For all sites, with the exception of Tahoe
City, there were statjstica11y significant cdrre]ations between field and laboratory
pH-measurements, but the measurements were not directly equivalent. Changes in
solution pH during transportation to the laboratory and differences between field

operators contributed to discrepancies. For uniformity of results, statistical
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TABLE 2. MEAN IONIC CONCENTRATIONS OF WET PRECIPITATION DURING THE
’ STUDY PERIOD IN 1978-9 (ueq/%).

SITE

lon BE TC KE CH SJ HO- DA NA
u+[Lab_] 221 6.8 10.9  13.0  38.0 7.9 6.3 14.6
Na® 36.9 11.8 153 128 33.1 145 151 220
K 1.5 0.6 1.4 2.1 1.5 1.1 1.1 1.4
cal? 6.0 43 8.0 109 12.6 3.3 5.6 4
MgZt 96 1.7 36 7.0 9.7 3.8 57 53
Fe3* 0.3 0.0 06 0.4 0.8 0.2 0.4 o4
MnZ* 0.1 0.0 0.1 0.6 0.1 0.1 0. 0.1
cu?? 0.1 01 01 0.2 03 01 02 o7
202" 0.3 0T 02 0.2 06 01 01 o2
NHZ 8.0 4.1 40.0 11.9  19.7 9.7  35.5  12.1
I Cations 84.9 30.0 741 417 1010 41.0 7.9 go.s
NO 13.7 6.7 43.4  19.9 16.4 111 22.6  16.4
1 | 40.1 3.7 11.2 7.7 038.9  14.2 140 23]
soﬁ‘ 0.2 13.3  13.8 8.6 10.0 - 6.2 19.0 11.7
L Anfons  64.0  23.7 58;4. 3.2 653 315 5.6 5.2

~Conductivity 13.9 3.9 7.4 10.6 16.2 6.4 9.6 10.7
+(umho/cm)

pH{Lab.] 4.66 5.17 4.96 4.88 4.42 5.10 5.20 4.84

PRS-

Volume (cm) = 52.7 78.0 19.7 110.7 21.0 64.9 39.7 62.0
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TABLE 3. CORRELATION BETWEEN ACIDITY OF WET PRECIPITATION
| MEASURED IN THE FIELD AND LABORATORY

pH values converted to [H+], ueqg/1-

y = lab. x = field.

Site Regression Equation n r2
%k
BE y = - 0.63 + 1.08x 25  0.95
TC y =  6.84 - 0.00x 35 N.S.
. Kk
KE y = 1.13 + 0.64x 22 0.93
CH  y= 9.06+0.67x 16 0.20"
' *kk
sJ y = -31.66 + 1.08x 16 0.80
* k%
HO y = -0.19 + 0.81x 24 0.80
: ‘ e
DA y = 0.84 + 0.78x 24 0.55
' ' sk k
NA y = 11.10 + 0.36x 15 0.63
*xky < 0,001
x4y < 0.01

*u < 0.05
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TABLE 4. STATISTICS OF ACIDITY OF WET PRECIPITATION

OURING THE STUDY PERIOD IN 1978-9.

SITE
BE TC KE o sy HO DA NA
(1] LAB. (nea/1):
Mean 22.1 6.7 10.9 13.0 38.0 7.9 6.3 14.6
S.E. 3.8 1.0 3.8 1.5 21.3 1.3 1.1 1.5
Max. 70.8 28.8 66.1 25.1 195.0 29.5 20.0 26.3
Min. 6.3 1.3 0.4 5.0 0.5 1.9 0.4 4.0
n - - 25 35 23 17 20 24 26 17
Corresponding pH statistics:
Mean 4.66 5.17 4.96 4.88  4.42 5.10 5.20 4.84
Min. 415 4.54 4.18 4.60 3.71 4.53 4.70 4.58
Max. 5.20  5.90 6.40 5.30 6.29 6.73 6.45 5.40
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analvieg related to pH differences between sites were made on the basis of the
laboratory determinations. The non-significant correlation for Tahoe City (Table

3) may have been due to changes during the time of shipping. The buffering capacity
of the Tahoe City samples was probably the least of all sites, as indicated by the
very low mean conductivity of 3.9 umho cm"] (Tqb1e 2).

Detailed statistics of the acidity of wet precipitatioh at all sites are
given in Table 4. It is obvious that "acid rain" commonly occurred in California.
San Jose was the site with the lowest mean pH of the storms sampled, with a mean
of 4.42, énd San Jose also recorded the storm having the lowest pH of any site
with a Qa1ue of 3.71. Davis was the site with the highest mean pH of 5.20 (Table
4). Thus all sites commonly received acid rain with pH values well below the
"neutral" pH of 5.65, this being the pH of unpolluted rain in equilibrium with CO2
in the atmosphere (as discussed in the introduction).

Relatively high maximum-pH values were recorded for storms at‘Kearney
(pH 6.40), San Jose (pH 6.29), Hopland (pH 6.73) and DaVis‘(pH 6.45). The high pH
at San Jose was probably due to downwind emissions of alkaline particulates from a
cement factory‘to the east (Dr. J. Goodman, San Jose‘Staté U., pers. comm.), and
presumably due to dissolved soil-particles at the other sites which are rébresentative
of range and agricultural areas. The wide range of pH at San Jose (pH 3.71 to 6.29)
illustrates the necessity for event monitoring (in contrast to weekly or monthly
menitoring, for example), to provide data for interpretative purposes; quite possibly
such pH ranges would not have been idéntified it co11ectioh times had been determined
at reqular intervals rather than being dictated by the tihe of occurrence af
‘precipitation events. |

On a chemical equiva]eﬁt basis, the sum of cations (I cations) should
equal the.sum 6f anions (I anions) in solution. In 611 cases I cations > I anions

(Table 2); the difference presumably being due to the bicarbonate ion (HCOZ) which

‘ 3
was not measured directly, and/or to accumulative sampling and chemical-analysis
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errors. _
| The acidity of the precipitation was-due to the gnions, SOE’hand NO&.
The chloride ion {C17) is largely derived from neutral oceanic salts and would
thus not usually contribute to the acidity of precipitation. Most of the 502_
and NO% ions, however, are products of the dissolution of SO2 and NOx air-poliutants,
and result in the rormat Uﬂ‘if ~.ifuric and nitric acid, respectively. In N-Cali-
fornia the NO§ concentration was greater than the 802' concentration. Similarly,
"organ and Li1jestrand* found that the NOi/SOE- ratio in rain exceeded 1.0 at 4 of
their 9 sites in S-California. In the N.E.-U.S.A., however, the reverse is generally
true (Likens, 1976). Presumably, emissions of NOx from automobile exhausts
~redominate in N-California, whereas 302 pollutants from coal-burning power plants
predominate in the N.E.-U.S.A.

The ocean contributes large amounts of salts to both wet and dry preci-
pitation and thus the concentrations of some ions (especially Na+, c1, M92+) are
largely function; of distance of the sampling sites from the ocean. This point
is discussed in detail later.

Ionic forms of the elements, Fe, Mn, Cu and Zn (Table 2) may havé origi-
nated‘as particﬁ]ates rather than occurring in the free ionic state, but they are
reported hefe as such because the sample solutions were analyzed following chemical
digestion of the samples. 'In a previous study of precipitation at Berkeley in 1974-
75 by the author (McColl and Bush, 1978), the only cations with any apparent corre-
Tation with H+ were Cu2+ and Mn2+. Simple qorre]ation coefficients for the relation-
ship between H concentration in precipitation and Cu2+ and Mn2+ congentrations were
0.36 (¢<0.15) and 0.45 (1<0.10), respectively, and concentrations of Cu2+ and Mn2+,
were themselves correlated (r = 0.63, «<0.05). Multiple step-wise regression
equations for this 1974-75 data, with HY concentrations as the dependent variable

and concentrations of NO;, Cu2+ and Mn2+ as three independent

* .
“Measurement and interpretation of acid rainfall in the Los Angeles Basin", dratt
report to Calif. Air Resources Board, October 15, 1979 (by permission).
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variables, had multiple correlation coefficients of 0.54 (« = 0.04) at step one
(NO% only), 0.68 (« = 0.03) at step two (NO§ and Mn2+), and 0.70 (» = 0.07) at step

Mn2+ and Cu2+).

three (NO%, The metallic ibns may act as catalysts in photochemical
oxidation of N and S oxides in the atmosphere (Cadle, 1972; Fennelly, 1976), and
thus correlate with H+. A]ternatively,bthe correlations may simply be due to sources
of the different ions being the same or geographica]]y similar.

Concentratians of NHZ in wet precipitation (Table 2) were highest at
the Kearney and Davis sites, probab]y due to agricultural fertilizer salts in
these central-valley Tocations.

9.2 Volume of wet precipitation:

Table 2 also lists the volume (cm) of wet precipitation collected at
each site during the study period. Frequency distributions of storm volumes for
each site are given in Appendi# 11.7. It is important to note here that volumes
differed widely (from 21.0 cm at San Jose to 110.7 cm at Challenge) and thus
the total deposition of the ionic constituents of wet precipitation at a given
site was affected both by the concentration of ions and thé total amount of rainfall.

Sodium deposition is given as an example in Appendix 11.8.-

9.3' Total Depositions:

| Totai depositions of ions in wet precipitation are given in Table 5.
Each value in kilograms per hectare is the sum of the producf of ionic concen-
.tration and volume of storms. Corresponding amounts for dry deposition are‘
given in Table 6. In both tables, total elemental nitrogen and su]fuf
depositions are listed, as well as deposition of these elements in their
respective ionic forms (NHZ, NO& for nitrogen; 502' for sulfur). Comparison

of these two tables shows that dry deposition was appreciable, although not

generally as great in magnitude as wet deposition. However, dry depositions
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TABLE 5. WET IONIC DEPOSITION DURING THE STUDY

PERIOD IN 1978-9 (kg/ha).

SITE
ION
| BE TC KE CH 5J HO DA NA

Na* 3.691  1.320 0.459  2.123  1.616  1.961  1.189  2.345
! 0.273  0.127  0.074  0.501  0.090  0.261  0.114  0.252
o 0.519  0.486  0.263  0.982  0.380  0.280 ~0.335  0.362
Mgt 0.490  0.189  0.056  0.407  0.264  0.339  0.178  0.26]
ret 0.023  0.034  0.014 0.132  0.015 0.019 0.022  0.038
o 0.008  0.007  0.005 0.059  0.004 0.013  0.010  0.009
nl 0.022  0.024  0.003 0.141  0.015 0.019  0.019  0.009
W 0.036  0.019  0.010  0.050 0.031  0.013 . 0.016  0.030
NH, 0.589  0.373  1.205  1.481  0.672  0.590  2.454  1.375
3 3.447 . 2.224 4142 7.912  1.466  3.043  4.957  5.724
Ci” 6.208  0.661  0.480  2.345  2.518  3.325  1.628  3.373
505" 1.969  2.341  1.367  3.067 1.226  1.381  2.634  3.840
H+[LAB] 0.083  0.052  0.016  0.121  0.027 0.046  0.021  0.082

+
HFrgp) 0-082  0.290  0.020  0.050 0.023 0.052  0.025  0.048
NH, N 0.458  0.297  0.940  1.155  0.524  0.460  1.914  1.073
NO5-N 0.793  0.512  0.953  1.820 0.637 0.670  1.140  1.317
Total N 1.257  0.803  1.893  2.975  1.161  1.130  3.054  2.390
S0,4-S 0.653  0.780  0.456  1.022  0.409  0.460  0.878  1.280

4
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"TABLE 6. DRY IONIC DEPOSITION DURING THE STUDY
PERIOD IN 1978-9 (kg/ha).

SITE
10N
BE T KE CH Sd . HO DA NA
Na* 3.142  0.891 0.245 0.317  1.693  0.394  0.291  0.274
K 0.397 0.056 0.063 0.154  0.290 0.151 0.115  0.065
ca®t 0.926  0.226  0.239  0.402 1.646 0.151 0.373  0.107
Mg2* 0.513  0.053  0.037 0.088 0.369 0.083 0.128  0.093
Fe3? 0.022 0.017 0.007 0.014 0.023 0.018 - 0.007 0.006
Mn2* 0.017  0.005 0.003 0.060 0.016 0.008 0.009 0.002
cu?t 0.010  0.006 0.011  0.004 0.097 0.016 0.009  0.002
7n* 0.070  0.015  0.017 0.018 0.090 0.034 0.080  0.005
NH, 0.470  0.070  0.552 -0.097 0.328  0.364  0.453  0.157
NO3 2.826  0.470  1.803  4.284  2.937 1.170 1.449  0.877
c1” '4.301  0.803 0.178 0.271 2.38  0.686 0.317  0.329
soﬁ‘ 1.248  0.972 0.579  0.658 1.134  0.720  2.058  0.145
HI[LAB] 0.014  0.001 0.123 0.001 0.008 0.004 C.001  0.003

H [FIELD] 0.014 0.056 0.051 0.000 0.005 . Q.003 0.002 0.004

NH4-N 0.367 0.055 0.431 0.076 0.256 0.294 0.353 0.122
N03-N 0.650 0.108  0.415  0.985 0.676 0.269 0.333 0.202
Total N 1

017 '0.163 0.846 1.061 ~ 0.932 0.563  0.686 0.324

304—5 0.416  0.324 0.174 0.197 0.340 0.216 0.264 0.044
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listed are only for those dry periods between wet precipitation events;
obviously dry deposition during California's long, dry, summer period
(May-November) would consideréb]y inflate the values given here. Effects

of dry depositionyduring summer may be of serious ecological 1mportance, as

dry accumulations, when washed from surfaces by rains of early fall or combined
with summer fogs, may cause the so1ubiiization of dry acid deposits.

9.4 Site differences and Regional Trends:

Differences between sites for the various constituents of wet and
dry precipitation were determined by statistical "analysis of variance" tests;'
nean values for each site were compared and least significant differences
determined, then the sites were grouped into homogenous subsets és designated
by sample means that were not significantly different. Resu1t§ of these
analyses for concentration of ions in wet precipitation, are summarized in
Appendix 11.9. The results of such statistical analysis for the hydrogen
jon are of most interest regarding "acid rain" and its occurence. For this
reason the results for hydrogen are also diagrammed in Figs. 3 and 4, where
the geographical location of the study sites can also be considered.

Firstly, Fig. 3 shows homogenous subsets of the mean hydrogen
jon concentration ([H+]) in wet precipitation, and indicates that the [H+]
is significantly greatest at San Jose and Berkeley. The other sites fall
into another subset with lower [H+], although the Berkeley site falls into
both subsets, being intermediate in [H+]. These results suggest that the
origin of the acidity is in the industrial-urban Bay-area; typical storm
"wash-out fans" confirm this conclusion (Appendix 11.10, provided by F. R..

Smith of the A.R.B.).

~But as mentioned earlier, volumes of precipitation vary with site



35.

Homogenous Subsets:
Least (/) (#)CHALLENGE |
Greatest O |

@HOPLAND | @

TAHOE
CITY

 PACIFIC .
'OCEAN

Fig. 3. Mean hydrogen ion concentrations of 1978-79 wet precipitation,

designated by statistically significant hohogenous subsets.
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Homogencus Subsets: O 0 .

increasing amount

——

| .CHALLENGE )
, HOPLAND TAHOE
CITY

' ®DA\/IS
ONAPA

BERKELEY

SAN JOSE

PACIFIC
OCEAN

KEARNEY@

- |
O 40  80km

Fig. 4. Hydrocen ion deposition of 1978-79 wet precipitation,

designated by statistically significant homogenous subsets.
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(Table 2), and thus affect total deposition of ionic constituents of preci-
pitation. Fig. 4 shows homogenous subsets of the total Y depositions.
Here a different picture emerges from that just described for mean [H+].
The statistical anaiysis for Wt depositions distinguished four homogendus
subsets (Fig. 4). The sitevwith the significantly highest HY deposition
was Challenge followed by Napa, Berkeley, and Hob]and, with the remaining
sites (Tahoe City, Davis, San Jose, and Kearney) being grouped in the subset
with the least H+ deposition. Fig. 4 suggests that thé acidity originating
in the Bay-area is carried inland with the predominate west-to-east movement
of major rain storms (Appendix 11.10), and that total acid-deposition is
significantly affected by tqtal volume of precibitation as well as by the
concentration of acidity.

| The ecological implications of this result are complex, as the
result raises the question of the relative effects of a "threshold acidity"
versus those of thé "total deposition of acidity" on ecosystems and their
components. For example, the [H+] may be a more important parameter to
~ determine "threshold-acidity" effects on aquatic life or plant growth, but
the "total deposition of acidity" may be the main determinant of accelerated
leaching of soil, and weathering of exposed roci surfaces and buildings.
Obviously, futuré studies on effeqts of "acid rain" must address these
questidn§ in more detail.

9.5 Anion relationships with acidity:

StatisticaT correlation coefficients were calculated to determine
. + .
which anions were most closely related to the H in wet precipitation; these
results are shown in Fig. 5, where geographical location of sites is also

considered. Significant correlations of [H+] with [NO%] occurred at Berkeley,
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Cl 0.52%
S0, 0.35
S0, 0.08
NO5 078 XX X% TAHOE
HOPLAND ¢l 049 “
504 0.23 Cl-0.2
Cl-0.28 NO5 0.41* S04 -0.21
SO, 0.26 oDAVIS NOz 0.24
NO5 0.69% *
NAPAe
Cl 0.44 %%
S0, 0.3l
) R Y °Y4
BERKELE NO, 0.75** ¥
e SAN JOSE
Cl O.79%% X%
S0, 007 Cl 0.56**
N 82X X X - X X
PACIFIC 03082 5Oy 063
NO5 0.27
OCEAN
KEARNEY e
L 1 ]
0O 40 80km
Fiq. 5. Corcelation of concentrations of hydrogen ion

with anions of wét precipitation, 1973-79.
*kky < (.00, ** - 0.01, *u - 0.05
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S0, 0.43

NO4 0.62% *
e CHALLENGE
SO, 0.28 _ '
NO5 0.85*** S0, 0.21
®LLOPLAND NO3 0.8l ,
S S0 0meFEE ~ TAHOE
50, 0.29 NO5 0.78 - : CITY
NO5 0.72%%X *DAVIS
‘ o NAPA
SO, 0.52%%

eBERKELEY NOs 0.83% ¥*

e SAN JOSE
-0.10
NO3054**
SO, 0.46%
PACIFIC NO5 0.20
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§
0 40 80km

Fig. 6. Correlation of'concentrations of ammonium ion with

nitrate and sulfate ions of wet precipitation, 1978-79.
Hexky < 0.001, **& < 0,01, *o < 0.05 ‘ '
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San Jose, Napa, Davis, Hopland and Cha11enge, but not at Tahos City or Kearney.
Tahoe City was the only site with [SOE"] > [NOé], and with the Towest conductivity
.fTah1e 2). The precipitation at‘Tahoe City, although generally écid, was probably
weakly buffered and thus a correlation with any one anion species did not exist.
| The Kearney site was the only one w%th a significant correlation between

[soi'] and [H+], and the correlation of [H+j with [NO%] was not significant (Fig.
5). These results indicate that the source of acidity at Kearney Was different
from that of the other sites. It is liker that sulfuric acid in rain at Kearney
sriginated from air-pollution from oil-fields upwind. Alternatively, local agri-
cultural practices, such as addition of ammonium sulfate soil-fertilizer, could
explain the hﬁgh correlation between [H+] and [502_] at Kearney.

A strong correlation between [H+] and [NOé] during a large storm in March
1978 was documented in an earlier study (Bush 1979) at Berkeley (Appendix il.l11).
"0 the present study the analysis of variance and subsequent designations of homo-
geneous subsets for nitrate deposition showed Challenge with the highest deposition
(Appendix 11.9), as was also the case for hydrogen deposition discussed earlier.
These facts strongly suggest that the acidity in the Bay-area, extending eastward
to Challenge via Davis and northward to Hopland via Napa, is largely due to nitric
acid. However, significant correlations between £H+] and [CT‘] indicate that hydro-
chloric acid may also contribute to the acidity of wet precipitation.

The nitrafe jon is also correlated with the ammonium ion at all sites
except Kearney, whereas sulfate is correlated with ammonium at only three sites;
Berkeley, Davis and Kearney (Fig. 6).

9.6 Relationships with dry-period length:

The ionic concentration of precipitation is obviously determined by
emissions of pollutants, but also by the amount and time-distribution of

storms. In Table 7, —orrelation coefficients are given for correlation
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TARIL 7. CORRELATION OF TONIC CONCENTRATTIONS AND STORM VOLUME
WITH LENGTH OF THE DRY PERIOD PRECEDING WET PRECIPITATION
(r VALUES AND SIGNIFICANCE). .

SITE
DA TC KE CH sJ HO BE NA
WET PRECIPITATION:
[H*] LAB. 0.3 -0.0 0.5 0.4 -0.2 0.2 0.2 -0.1
‘ *kk * - *k
z Cations 0.7 -0.2 0.5 0.1 -0.2 -0.1 0.6 0.3
Jok ok . Kkk .
% Anions 0.87% .01 0.3 -0.1 -0.2 -0.2 0.7 0.2
*dk ' Jok ‘
Conductivity 0.6 7 -0.1 0.2 0.1 -0.2  -0.2 0.7 0.3
Volume 01 0.2 0.4 -0.2 077 01 -0.3 -0.2
DRY PRECIPITATION (in 500 ml distilled water): |
[H'] LAB. -0.1 0.2 0.4 -0.2 0.0 -0.3 0.3 0.4
' * *kk * Kekk *kk K%
% Cations 0.2 0.4 0.9 0.5 0.7 0.9 0.6 -0.2
* *kk * F 2.2 3 * *
5 Anions 0.1 0.4 0.9 0.3 0.4 0.8 0.5 -0.6
* Yk sk k *%
Conductivity 0.2 0.5 0.1 0.6 0.8 0.2 0.7 0.1

xuky < 0,001, **o < 0.01, % < 0.05
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betwcen the length of the dry per{od preceding wet precipitation events, and
both ion concentrations and storm-volume. Only Keakney and San Jose had statis-
ooty significant correlation coefficiénts for volume versus dry-period

onith. i.e., indicating a positive relationship between amount of wet precipi-
tation and the length of the preceding dry-period. Significant positive
obrrp1atiohs between ionic cancentrations and dry-period Tength eXisted for
“he Davis and Berkeley sites (Table 7). At the other sites there was little

o ovidence of correlations between dry-period Tength and ionic concentrations
of wet precipitation.

For dry prékipitation, however, there were many more significant
correlation coefficients (Table 7), indicating that there was a fairly general
relationship between the length of the dry-period and the total deposition of
d5y precipitation in that period at all sites, except Davis.

9.7 Concentration changes during study periods:

Tonic concentrations varied widely between storms at a given site.

Concentratibns of H+, SOi—, and NO3 at the Berkeley site are presented in Figs.

7 and 8 as examples of the 8 sites monitored. In some cases, the'[H+] decreased
following rainfall, as shown for the series of storms in early January (Fig. 7).
But this "dilution effect" was not general, as shown by the storms in mid-
Febfuaky (Fig. 7). The f]uctuationé in [H+] illustrate the fact that it is
difficult to generalize or infer effects from mean data alone.

A siﬁi]ar set of graphs for [NO&] and‘[Soznj at Berkeley are shown
in Fig. 8. Concentrations of the two ions sometimes vary concomitantly, but
not always. Thus it is also difficult to generalize about the relationship
between storm frequency (or volume) and the corresponding jonic concentrations.
9.8 Historical changes of acidity:

As mentioned in the introduction, only fragmentary data of the chemical
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composition of precipitation for California exists but there is some evidence
that.the pH of rain fn the San Francisco Bay area was higher 20 years ago. At
Menlo Park, south of San Francisco, rain pH averaged 5.9 in 1952—58,, 5.3 in
1958-59 (Whitehéad and Feth, 1964), and 5.2 in 1971 (Kennedy et al., 1976).
At Berkeley, rain pH averaged 5.0 in 1974-75 (McCol1l and Bush, 1978), 4.8 in
1977-78 (Bush 1979), and 4.7 in 1978-79 (this study). As discussed in an
earlier report of the author (McCol11 and Bush, 1978), the decrease in pH of
rain seems to be related to [NOB],_a; shown by the Menlo Park data previously
cited: [S057] dropped from 1.52 ¥ 0.38 ppm to 0.69 2 0.18 ppm between 1957
and 1971. During the same period, [NOB] remained afmost the same (0.15 M
0.03 ppm in 1957-58 and 0.16 To0.01 in 1971), even though total ionic concen-
tration of raih water decreased from 22.9 137t 10.2‘t 1.5 umho/cm, mean
specific conductance. This result is consistent with those of this present
study, which indicate that primarily nitric écid (and secondarily sulfuric -
acid) causes the acidity in réinfa11 at the study sites.

9.9 Contribution of oceanic salts:

As major storm-fronts move across California in an easterly direction

(Appendix 11.10), oceanic salts are carried inland and deposited both as dry

and wet precipitation. For examp]é, Berkeley which is the site closest to the

ocean, received relatively large amounts of both wet and dry depositions of Na+

and C1~ (Table 2). The concomitant fluctuations in [Na+] and [C17] at Berkeley,

in relation to storm frequency and volume over the study period are shown in
Appendix 11.2. This_oceanjc'contribution to the composition of raih mdst be
distinguished if the contfibufion‘from‘ahfhrobdgenic air-pollution and/or.
tefrestrial dust.are to be quantified also. The fact that most‘Na+ or -

in rain is of oceanic origin has been used by various workers as a basis for

i
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determining ionic contributions ;f other sea-salts to rain water (e.qg.
Cogbill and Likens, 1974; Granat, 1972; Junge and Werby, 1958; McCol1l and |
Bush, 1978). |

The mean [Na+] and [C1 ] for the 8 study sites are plotted in Fig.
9, as a function of distance from the ocean. (These distances are simply the
distance of the perpendicular drawn from each site to an average line
describing the Californian coast). Clearly, there is a highly predictable
and rather abrupt decrease in [Na+] and [C17], buf beyond about 80 to 100 km
inland, the concentrations level off (Fig. 9). Beyond about 8C km inland,
chloride continues to decrease more than sodium, as soil particles can
contribute to some sodium concentrations, whereas the source of chloride
is almost entirely oceanic. Thus the ratio of Cl-:Na+ also decreéses very
prédicfab1y with distance from the ocean {Appendix 11.13).

These highly significant functions are useful tools to predict the
contribution of other ionic constituents df rain derived from oceanic sources.
For example, using [C1 ] as a basis, knowing that the [C1']:[Na+] ratio (on
a chemical equivalent basis) of seawater is 1.17 (Martin 1967) and assuming
that all [C]—] in raiﬁ is of oceanic origin, [Na+] can be calculated for all
sites if their [C1_]‘is known. 'Similarly the concentration of other jons
(Ca2+, M92+, SOE'

as shown in Fig. 10. If the measured concentration of any of these ions in

, etc.) in rainwater due to oceanic origin can be predicted,

rain at each site (Table 2) exceeds that‘predicted ih Fig. 10, the excess can
be reasonably assumed to be due to a source other than the ocean. Data for

nitrogen is not shown in Fig. 10, because amounts of nitrogen in seawater are
negligible (McGill 1973); thus it can be reasonably assumed that all nitrogen'

in rainwater is of some other origin.
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Similar calculations of ion ratios relative to specific elements
uniquely derived from known sources, allows prediction of quantities of different
elements from soil-dust or certain other air-pollution sources. For example,
silica may be a good indicafor for soil-derived, air-and rain-pollutants, whereas
lead may indicate pollutants from automobile-exhaust emissions. Such indicator
‘techniques have beenkused to some extent in air-pollution siudjes (John et al,
1973; Miller at al., 1971), but onily to a very limited extent in rain-pollution
studies.

9.10 Nitrogen:sulfur ratios:

Nitrogen:suifur vatios were calculated for both wet and dry samples,
using mean data from Tables 2, 5 and 6. For ionic concentrations data of wet
samples, [502'] values were also "corrected" for sea-salt contributions; no
corrections were made for [Nogj, as the [NOi] in seawater is negligfble. In
most cases shown by the results of these calculations (Table 8), amounts of
nitrogén exceeded those of sulfur at all éites with few,exceptiqns, e.g., Tahoe

City. Further interpretation of these ratios is beyond the scope of this report.
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TABLE 8. NITROGEN:SULFUR RATIOS

*
RATIO
SITE :
1 2 3 4 5 6

BE 1.3 11.23  1.75  1.92 2.2 2.44

TC: 0.50 1.44 1.05 1.03 0.48 0.50

KE 3.14 5.85 3.03 4.15 3.11 4.86

CH 2.31 2.93 2.58 2.91 6.51 5.39

SJ 1.64 4.32 1.20 2.84 2.59 2.74

HO 1.79 a 2.20 2.46 1.63 2.61

DA 1.19 2.05 1.88 3.48 0.70 2.60

NA 1.40 5.60 . 1.49 1.87 6.05 7.36
*1. Wet concentrations, [NOS]:[SOi'], uncorrected for sea-salts.
2. Wet concentrations, [NO&]:[SOi"], corrected for sea-salts.
3. Wet deposition, NOé:SOi', uncorrected for sea-salts.

4. Wet deposition, Total-N:Total-S, uncorrected for sea-salts.
5. Dry deposition, NO;:SOE', uncorrected for sea-salts.

6. Dry deposition, Total-N:Total-S, uncorrected for sea-salts.
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APPENDIX 11.1 - : ?

~ Detailed Descriptions of Study Sites

Berkeley:
The Berkeley site was on the roof of the Space Sciences Building,

University campus (lat. 37°53', long. 22°15', elevation 400 m) on the east

side of San Francisco Bay. The prinéipa] investigator (Dr. John G. McCol1l)

was in charge of this station, assisfed by Mr. Douglas Bush (graduate research

assistant)‘and Dr. Larry Monette (post-doctoral research assoé%ate).
Precipitation is effected by proximity of Berkeley to the ocean,

as well as being in'é "pdl]utfon source" area. Berke]ey is in the genera]

“sulfate pollution" area, as definéd by the Bay Area Air Pollution Control

District (Sandberg et al., 1976), that extends from the Golden Gate through

- the heavy industry areas of Richmond and Pittsburg. Berkeley also has air

pollution by NOx compounds, especially if winds bring such compounds from the

~ "nitrogen pollution" area in the S.E. of the'San‘Francisco Bay, extending

from San Jose north to about Redwood City and N.E. through Fremont to Livermoré.
Long-term meterological records exist fof Berkeley, and air pollution

is monftored in a number of nearby Bay Area locations. Mean annual rainfall is

56.80 cm (Jan. 11.70 cm; July 0.02 cm). Mean annual temperature is 13.9°C

(Jan. 9.1°C; July 16.4°C). Sumher fogs are frequeht}

Davis:

. The Davis site was on the University campus within the agricultural

field-plots (lat. 38°32'N, long. 121°46'W, elevation 18 m). Dr. Robert L.

Leonard, was in charée of this station although day-to-day operations of the

station was conducted by George Malyj, a graduate biochemist at U.C. Davis.
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The Davis campus 1is an excelient sampling site downwind of the San
Francisco Bay Area. Prevailing winds during cyclonic storms often flow in
SW-NI direction carrying air-borne substances directly from the Bay Area into
the Sucramento Valley. Long-term meteorological records exist for Davis
including precipitation and wind parémeters. Average annual temperature is
60°r {(Jan. 45.8°F; July 73.2°F), and average annual precipitation is 18.0"
(Jan. 3.72"; July, none).

Tate City:

The Tahoe Rescarch Group (Division of Environmental Science, U.C.
"o i) maintains a laboratory on the northwest shcre of Lake Tahoe (lat.
39°08'N, long. 120°10'W, elevation 2,076 m) at this precipitation sampling
vite. Precipitation is primarily snow in a normal year. The precipitation
w15 sampled by Dr. Robert L. Leonard, Research Ecologist with the U.C. Davis,
Tahoe Research Grdup. |

The Lake Tahoe Basin is well-timbered; its scenic, recreational,
watershed and timber characterfstics are of world-wide fame. The west shore
of Lake Tahoe is subject to strong air movements in any direction in any
season. However, the major prevailing winds are from the southwest and carry
air-borne substances from the Bay Area and Sacramento Valiley into the Tahoe
Basin during both dry periods and cyclonic storms. Infrequent continental
storms with predominately north and nﬁrtheast winds would be expected to
have Tittle influence from urban-industrial areas. Summer rains are often
of tropical origin with SE winds. Mean annual precipitation is 33.13f (6.78"
mean in Jan., 0.25" in July), and mean annual temperature is 43.2°F (28.2°F

mean in Jan., 70.1°F in July).
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Challenge:

This site is located in the U.S. Forest Service Experimental Forest
on the roof of the Ranger Station at Challenge. This -experimental forest is
in‘one of the mosf productive forest areas in the state, and is located in the
mixed-conifer zone on the western slope of the Sierra Nevada in Yuba County .
(lat. 121°21'N, long. 39°39'W, elevation 790 m). Annual precfpitation is 173
cm with 90% fa]Ting between October and May. Mean annual temperature iﬁ 12°C
(Jan. 5°C; July 24°C). Neaf]y all brecipitation is rain.

Meteorologica1 data are recorded at Challenge, and the principé]
investigator (Dr. J. G. McCo]]).Has cooperative projects related to effects
of fprest;management practices with the U.S. Forest and Range Experihent
Station at this 1ocation; Mr. Mike Heath (U.S..Fofest Ser?ice) made the
precipitation collections.

Napa:

This site was established 16 km'NE of Napa, in the Wooden Valley and
operated by Mr. Max Linn, owner of the property and an employee of the John Muir
Institute in Napa. The site is just eaﬁt of the eastern rim of the Napa Valley
within 1 km of Rte. 121 (lat. 38°20', long. 122°12', elevation 280 m).

Wooden Vai]ey is beyond direct influence of the Bay Area except under
conditions of northerly air flow. Air quality is thought to be inflﬁenced
primarily by oceanic air and agricultural lands in coasfa] areas and the Napa
Va]]ey to the west. Ag}icu1tufe (fnc1uding vineyards) and oak-woodland
predominate. Mean annual rainfall is 24", with none in summer.

Kearney:
This site (lat. 36°11', 10ng. 119°43', elevation.100 m) was located
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at the Kearney Agricultural Field Station of the University of California. -
The nearest city is Fresno. This site is representative of the San Joaquin
Valley agricultural area. Collections were made by Dr. Robert F. Brewer of
ihie Hniversity of California. Average temperatures are 36.7°F in January
and 98.6"F in July. Average annual precipitation is 11.14", with none in
July and 2.03" in Jaruary .

San Jose: |

This location (lat. 37°21', Tong. 121°54"', elevation 22 m) is in the
"pollution source" area of the San Francisco Bay Area. Air pollution by NO,
© 2nmpounds is often high in this industrial/residential area.

Meteorological and air-pollution data is regularly collected at this
site. Mean annual rainfall is 13.2", occurring in the period November - May,
with none in summer and 2.7" in January. Temperatures average 40°F in Qune
and 70°F in July, with an average annual temperature of 58°F.

The specific study site was 10cated on a roof together witH.existing
meteorological equipment on the campus of the San Jose State University.
Cotlections were made by Susan Fisher and Dr. Jindra K. Goodman of the Dept.
of Meteorology.

Hopland:

This site (lat. 39000', long. 123“03{, elevation 165 m), was located
at the Hopland Field Station, an experimental station primarily concerned with
range management, of the University of California. Dr. Milton Jonés, of the
U.C. Davis campus and the field station, made the precipftation collections.

The site 1s located well away from pollution-sources, in primarily
oak-woddland that is very characteristic of the coast range at this latitude

in California. Average annual rainfall is 35". The average summer and fall
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temperatures are in the 70's, and only traces of rain occur between June and
September.  Fog-occurs frequeht]y in the valley during late fall, winter, and

early spring, and occassionally during the summer.
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APPENDIX 11.2

Sample Collection Procedures

Compnle Identification
A. Each sample collected will be identified with a sample number which
will consist of 3 parTs:
1. 5ite Identification Code
2. Data Sample Collection
3. - "Wet" or "Dry" Sample Designation

B. Site Identification Codes

Collection Site Code
Berkeley BE
Challenge CH
Davis DA
Kearney KE
Hopland HO
.Napa - NA
San Jose SJ
Tahoe City TC

Example: "NA 110478W" would signify from Napa collected on Nov. 4,
1978, a wet sample.
C. If seau=ntial sampling of a storm, or more than one sample collection
on a given day, or separation of precipitation forms (snow, rain) is
desfred, then an additional digit will be added to the sampje I.D.

number.

Example: "CH 010678W-1" would signify from Challenge collected on



IT.

- 61.

Jan. 6, 1978, a wet sample which is the first sample of
a storm or a separation of precipitation forms etc.
"CH 010678W-2" would be the second sample in the series.
When the additional digit is added to the standard I1.D. number, the -
reason for using the designation should be included on the "Field
Sheet" under comments. |
Sample Collection
Precipitation samples will be collected on a storm by storm basis.
When precipitation (storm) ends, mix by swirling the contents of the wet
pail and tranﬁfer via a polyethylene (PE) funnel to 500 m1 PE sample
bottles which sﬁou]d be properly labeled with the samﬁ]e‘I.D. number.
The volume of the wet sample can be determined by measuring the water
Tevel in the 500 m1 sample bottle. One centimeter is equivalenf to 36 ml
of precipitation.

The dry pfecipitation sample can be taken the'same time as the wet

sample. Add 500‘m1 of distilled water to the dry pail. Secure the 1id on

the pail, shake the pail for approximately 1 minute, then trahsfer via a
PE fuﬁne] to a 500 ml PE sample bottle propef]y labeled.

Precipitation.samples and equipment should be handled carefully to
preveht contamination. The concentration of ions in precipitation are
very Tow and thus the slightest amount of contamination willresult in
grossly inaccurate chemical analysis. A fingerprint on the inside of a
funné],or\samp]e pail will add more sodium than that contained 1h the
entire sample.

Rinse both wet and dry pails with distilled water, tﬁen replace

on co]lectidn platform.
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[1T. pH Measurements
The pH of both the wet and dry samples are determined on a 20 ml
aliquot of sample taken from the PE sample bottle. The pH meter should
e standardized accerding to the instruction manual using a pH buffer of
4.00. After calibration the pH reading of a 7.00 buffer should be 7.0 !
0.1. After the combination pH electrode is removed from the buffer, it
should be thoroughly rinsed; using the squeeze bottle rinse with 250 mi
distilled water. Dry the electrode with a Kimwipe, then measure the pH
of the precipitation sample. Récord the pH value of the Field Sheet.
Discard the 20 ml aliquot - do not pour back into the sample bottle.
V. Field Sheets
These sheets are to be completed in duplicate with the ofigina1 copy
sent along with the corresponding sample to Berkeley and the Copy retéined
at the collection site. The time precipitation started and stopped should
be reported (recording rain gauge if available). For dry precipitation
samples it is not necessary to record times or durations as these can be
determined from start/stop precipitation times.
V. Shipment and Storage of Samples
Samples were shipped in 500 ml po]yethye]ene bottles filled to capacity,
packed in styrofoam in card-board boxes, and shipped immediately by United
Parcel Service (U.P.S.). The time between field sampling and receipt of
sample in the laboratory Qas typically 2 to 3 days (see Appendix 11.14).
The time between receipt of sample and subsequent chemical analysis varied
with the particular analysis, but ranged between about 1-30 days. Samples
were stored at 3°C in the dark during this storage time; no additives or

preservatives were added to the samples at any time during shipping or
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storage. Interactions between sample solutions and storage bottles or
ambient gases and potential losses of volatiles from the solutions were
not studied specifically, but storage in new, completely-filled bottles,

in the dark at 3°C was the most reasonable way to minimize such effects.
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APPENDIX 11.3

Chemical Digestion and Determination of Cations

in Precipitation (Wet/Dry)

[. tguipment and Chemicals

(5)

il Procedure

Aluminum Block heater with 25 mm diam.holes for Tayior tubes.

-Concentrated Nitric Acid (HNOB) - Mercury'(Hg) grade.

Hydrogen Peroxide (H202> - 30% analytical reagent grade.
Cesium (Cs)/Lanthanium (La) stock solution: Weigh 3.958 arams
CsCl1 and 4.178 grams LaC]3 °'7H20 in a 500-m1 volumetric flask
and dilute to volume with distilled-deionized water.

Taylor test tubes.

Add 25.0 ml of_sample to a Taylor tube, with paraffin on tops.

Add 0.2 m1 concentrated HN03.

Add 0.2 m] H202

Place tubes in block heater and digest sample at 95-97°C until

(30%) .

volume is 1es$ than 5 ml, for about 4 hours.
Cool slightly than add 5 ml distilled-deionized water and 0.1 ml
concentrated HNO3.

Heat for 5-10 minutes at 95-97°C, mix, and a]iow to cool to
room temperature. |

Add 2.0 ml of Cs/La stock solution then dilute to 25 ml with
distilled-deionized water.

Mix thoroughly then transfer to plastic vials for analysis by

*
Atomic Absoprtion.
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(9) Run one blank for every six (6) samples using distilled-deionized
water. These blanks should be treated the same as samples. -
Notes
(1) AN g]assﬁare, plastic vials, etc., should be acid washed prior
to use. Soak in 1 N HNO3 overnfght, rinse 3 times with distilled
water then 3 times with distilled-deionized water. Dry in oven
at 50°C.
General reference re Atomic Absorption Spectrophotometry:
Issac, R. A., and J. D. Kerber. 1971. Atomic absorption and flame .
| photometry: techniques and uses in soil, plant, and water
analysis. p. 17-38. In: L. M. Walsh (Ed.), Instrumental
methods for analysis of soils and plant tissues. Soii Sci.

Soc. Am., Madison, Wis. 222 p.
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APPENDIX 11.4

Determination of Chloride in Precipitation

Reagents:

3)3 - 9H,0 in 45

ml of 70% Perchloric Acid and dilute to 100 ml with distilled-deionized

(a) Ferric Nitrate. Dissolve 15.1 grams of Fe(NO

water. The Ferric Nitrate/Perchloric Acid mixture will be cloudy but will
'c1ear with the addition of water.

(b) Mefcury (II) Thiocyanate. Saturated solution in ethanol. This
4111 be approximately 0.5 grams Hg (SCN)2 in 100 m1 of 95% Ethanol.

{c) Chloride Standard. Dissolve 824.1 mg Sodium Chloride (dried at
140°C) into 1 liter of distilled-deionized water. 1 ml = 500 ug C1.
Prepare 1-ppm C1 standard using appropriate dilutions.

[I. Equipment: |

(a) Spectrophotometer for absorbance measurement at 460 nm with
5-cm cell.

(b) Test tubes - pyrex, 25 mm x 150 mm.

I11. Procedure:

(a) Pipette a 20-ml a]iduot of sample, containing less than 50 ug
of chloride, into a test tube. Add 2.00 ml Ferric Nitrate reagent and
2.00 m1 mercurric thiocyanate reagent and then mix..

(b) Measure the absorbance against a reagent blank at 460 nm after
5 minutes.using a 5-cm cell. »

(c) Prepare a calibration curve by pipetting 0, 1, 2, 5, 10, and 20
ml of a 1-ppm Chloride standard into test tubes and develop color as
described above. !se distilled-deionized water to bring the final vo]umé

to 24 ml.
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v, Fl(;t.(!s :
(a) Use appropriate, safe techniques when using Perchloric Acid
and Mercury. |
(b) Do not excessively mix the sample with. the reagents as th%s will
result in high and erratic absorbance readings. Also do not mix when
filling spectrometer cell.
(c) A sample run should be completed.in 1-2 hours to avoid errors
from unstable color.
(d) Use only low chloride (< 2.5 ppm) Ferric Nitrate to prepare the
Ferric Nitrate reagent. Normal Analytical Reagent grade will have
excessively high ch]oride contamination. - |
V. Reference: .
Florence, T. M., and Yvonne J. Farrar. 1971. Spectrophotometric.
determination of chloride at the parts-per-billon level by the

mercury (II) thiocyanate method. Anal. Chim. Acta. 54:373-377.
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APPENDIX 11.5

Determination of Sulfate in Precipitation

1. Reagents:

(1) Buffer solution, pH = 4. Prepare a 0.05 M solution of reagent-
arade potassium acid ohthalate (KAPH). Dissolve 10.2 g KAPH in one liter
distilled-deionized water.

(2) Barium chloranilate.

(3) Ethano1-95% by volume.

(4) Buffer solution b1us sulfate spike. Prepare buffer as described
only add 80 ml of 100.ppm sulfate prior to diluting to one liter.

IT. Equipment:

(1) Spebtrdphotometer for absorbance measurement at 330 nm with
one-cm cell.

(2) Dowex cation exchange column. Regenerate column after passing
100 samples through column. Pass 25 ml of 2 N HC1 through column then
rinse with 50 ml distilled water.

(3) Constant temperature bath.

[II. Procedure:

(1) Pass 25 ml of sample through a cation exchange co]umn; Discard
this rinse. Next pass 50-60 ml of sample through the column co]]ecting the
effluent in a 100-m1 plastic bottle.

(2) Pipet 40 m1 of sample into a 125-m erlenmeyer fiask.

(3) Add 10 ml of KAPH buffer and sulfete spike to each flask.

(4) Add 50 ml of Ethanol (95%) to each flask and swirl until

thoroughly mixed.
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(5) Weigh 0.20 T 0.02 g of Barium chloranilate into each flask and
again swirl until thoroughly mixed. |

(6) Place the flasks in a constant temperature batﬁ set at 37°C
for two hburs. Swirl the flasks several times during this period.

‘(7) Let the flasks stand undisturbed for approximately 1/2 hour
to settle out suspended material.

(8) Slowly and carefully decant about 20 ml of clear solution into
a 9 dram plastic vial.

(9) Measure the absorbance of the sample so]utions‘}n 1-cm cells
at 330 nm against a blank treated in‘the same m&nner.

(10) The same procedurelis used for preparation of a standard curve
except the KAPH Buffer without su]faté is used. An appropriate standard
curve should include 2.0, 2.5, and 3.0 ppm solutions.

IV. Notes: | |
(1) Sulfate standards and that used to prepare the Buffer solution
spike should be prepared from ammonium sulfate (not sodium sulfate) and
should also be passed through a cation exchange column t6 remove interfering
cations. | ‘
(2) The color that is developed ié stable for at least 4 days and
prov hly 1ohgér. |
(3) A1l glassware (and plastic) should be cleaned with 1:1 Nitric
Acid then rinsed thoroughly with distilled water.
V. Reference:
Bertolacini, R. J. and J. E. Barney II. 1958, U1travio1etispectr0—
photometric determination of sulfate, chloride, and fluoride with

chloranilic acid. Analytical Chemistry 30:202-205.
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Nitrate Determination - Hydrazine Reduction

dtreduction:

This method substitutes a hydrazine reduction of nitrate to nitrite

for the Cd column reduction normally used ("Standard Procedures" D. K. Fujita,

1971).

Since the hydrazine can be added as an aqueous reagent, several samples

can be analyzed simultarecusly thus avoiding the timing problems of the column

metliod.
Reagents:

1.

Stock hydrazine sulfate
Hydrazine sulfate
QDW (quartz dist. water)

Copper solution
CuSO4 . 5H20
QDW ‘

Reducing solution
Stock hydrazine
Copper solution
QDW

1 N NaOH
NaOH
QDW

Sulfanilamide
Sulfanilamide
Conc. HCT1 (12 M)
‘QDW

1.20 ¢
250 ml

0.040 g
100 m]

25 ml
5 ml
to 50 ml

40 ¢
~ 1000 ml

59
50 ml

to 5000 ml

} Prepare fresh daily

} Prepare fresh daily

} Remains stable indefinitely

Napthiethy1enediamine dehydrochloride (NED)

NED
QDW

Phenate buffer
Phenol
1 N NaOH
(QDW

0.5 g
500 ml

1.8 g
16 ml

to 100 ml

} Store in dark, refigerated
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6.
7.
8.
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Measure and GF/C filter 50 ml of ;amp]e into an Erlynmeyer flask (125 M).

Place sample flasks and blanks and standards in a waterAbath‘contro11ed
to * 0.5°C, at a temp. of 37°C, and equilibrate for at least 45 minutes.
Without removing flasks from the bath, add 1 ml of reducing solution
immediately followed by 2 mT-phenateﬁbuffer. Swirl each flask.

Allow samples to react for exactly 30 min/flask taking into account the
order and time of reagent addition.’ | |
The latter factoriis best taken into.account by removiﬁg the fTasks
from the bath to a cooling location in'fhe same order and timing
interval as in step 3.- Coq] to room temp. (at 1east_45 min. depending
on ambient lab temp.) | | |

Add 2 m1 of a 1:1 mixture of sulfanilamide and NED to each flask.

Allow to develop color for 20 min. minimum but not longer than 2 hours.

Read absorbance at 543 nm.

Note: These reagent concentrations are appropriate for a concentration range

of about'1 to 100 ppb (ug/1) NO;-N. We recommend at least three standard

coﬁcentrations (say 20, 50, 100 ppb) + blanks.

Nitrate Notes:

Prop . of Std: (from Lake Tahoe Methods):

-100 ppm N as KNO3
~oven dry AR grade KNO; C 110-120°C
-weigh out 0.7218 & 0.00029 - dilute to 1 8.

-store in glass

Discard monthly or more frequently if a yellow-brown coloration deve]ops;

 Sulfanilamide remains stable indefinitely in glass or P.E.
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APPENDIX 11.9

Sites grouped in homogenous subsets for ion concentrations and

mounts -of depasition.

Analyses-of-variance between mean values for sites were performed
and F-ratios calculated. Where F-ratios were statistically significant,
f.e., < 0.05, multiple-range tests were performed, and least-significant-
differences between means determined; grouping of §ites into homogenous
subsets was then made on this basis. In the following tables, the lower
the subset number, the Tower the mean value of the subset. Sites are also

listed within subsets in order of least to greatest magnitude of means.



Appendix 11.9.1. Subsets for storm volume and

mean jonic concentrations in wet precipitation

Property

Conductivity
Volume

[Na*]

[x*]

[ca®*]

[M92+]

[Nog]

[N, ]

[CI’j

Subset Number

BN — S A wr—

w N -

% > 0.05 for F-ratio

pwr = w N — —

TC
HO
DA
CH

KE
DA
BE

CH .

TC
NA
- SJ

> 0.05 for F-ratio

TC
KE
NA

TC
HO
KE

TC
CH
KE
SJ

HO
DA
CH
NA

SJ
BE
TC

CH
BE

KE
HO
DA

HO
BE

BE
HO
NA

KE

CH
KE
DA
BE

SJ

CH

NA
BE

DA

TC.

HO

HO

HO
NA
CH

BE

HO
CH
SJ

KE
DA
HO

NA
SJ

BE

NA

DA

NA
DA
BE

SJ
NA

CH

NA.

HO
NA

KE

TC

KE

CH
SJ

NA
CH

NA

DA

79.

Sites within subset -




Property
~ 7 -
15027
(]| g
-

LA Jerep

T[Anions]

z[Cations]

[Fel?

[Mn?*]

[cu?t]

[2n*]

Subset Number

N -

W Ny —

2w Py —

a > 0.05 for F-ratio

a >0.05 for F-ratio

L Ny -~

N —

HO
CH
KE

DA
BE

CH
BE

TC
CH
BE

TC
HO
NA
BE

KE
NA
CH

TC
DA
SJ

80.

Sites within subset

CH
'S\i
DA

DA
TC

CH
HO
SJ

HO
CH
OA
SJd

NA
HO
SJ

DA
HO

HO

HO
DA

CH
NA
KE

HO
TC

HO
NA

BE
HA
KE
KE

DA
BE

TC
BE

NA
CH

TC

BE
DA

CH
KE

DA
CH

KE
BE
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Appendix 11.9.2 Subsets for mean total-deposition in

wet precipitation.

Property Subset Number Sites within subset

Na+

KE TC DA
TC DA HO SJ
HO SJ CH
- SJ CH NA
CH NA BE

o wnNny —

KE TC DA SJ HO BE
S HO BE 'NA
CH ‘ '

W N —

Ca2+

KE HO DA TC SJ NA BE

—

M92+
KE TC DA

DA SJ HO NA
SJ HO NA- BE CH

w N —

NO%

TC SJ HO BE
.HO BE KE DA

NA

CH

£H W —=

NH

TC BE HO DA
BE HO SJ KE

BwWr -
~
m
=
=

NA CH DA
c1”

TC KE DA |
CH NA

PHwn —
w
[
X
o




Property
2~

504

"rreln

Fe2+

Mn2+

Cu2+

Zn2+

Subset Number

no —

— — -— 2wy

—

Ny~

HO
TC
CH

KE
HO
BE
CH

KE
NA

KE
CH

SJ
CH

KE
CH

KE
TC
HO
NA

Sites within subset

KE
CH
DA

DA
BE
NA

DA
BE

HO

KE

NA

TC
HO
DA
CH

SJ
DA
NA

SJ

5J
TC

SJd

TC

DA

HO
DA
BE

BE

HO

DA

BE

TC

DA
BE
SJd

TC

HO

DA

HO

BE
SJ
NA

NA

TC

NA

SJ

82.

BE

NA

HO

BE
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Appendix 11.9.3. Subsets for mean total-depositions

in dry precipitation.

Property Subsct Number Sites within subset
Na+
1 HO CH KE DA NA TC
2 DA NA TC SJ
K+ 3 BE
N > O.bS‘for F-ratio
Ca~
1 HO TC NA KE CH DA
2 NA KE CH DA BE
3 SJ
Mgz*
1 TC HO KE CH NA DA
_ ? NA DA SJ BE
NO3 | |
1 TC HO CH NA
2 HO CH NA BE DA
+ 3 NA SJ DA BE KE
NH4
1 TC CH HO SJ NA
2 CH HO SJ NA BE
3 NA BE DA
_ 4 DA KE
c1 ‘
1 CH KE DA HO TC NA
2 NA SJ
3 BE
SO4
N o > 0.05 for F-ratio
" LB |
o > 0.05 for F-ratio
+
H FIELD

p—l

CH DA KE SJ HO NA BE
2 TC
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Property  Subset Number Sites within subset
FezJr

+ >0.05 for F-ratio

Mn2+
] NA TC KE HO BE SJ DA
2 CH
Cuz+
a > 0.05 for F-ratio
an+
1 NA TC DA CH HO KE
2 KE BE
3 SJ
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Appendix 11.10. Schematic estimates of probable "wash-out fans" Vs
associated with common rain-producing storms N

over California (from F. R. Smith of the A.R.B.).

F.R.S. MAY 11, 1977
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ton Amount (mequiv. m™<)

\ [Nos]

.Q5—- | \

.02k 7
o 1 L1 L !
0 > 4 6 8 10

Amount of rain (cm)

Appendix 11.11. Correlation of hydrogen and njtrate concentrations

during a three-day rainstorm at Berkeley in March 1978.
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APPENDIX 11.14

Quaiity Assurance Tests and Comparisons .

tffects of storage temperature, filtration and storage time on

doeoncentration of o wet sample (BEO30179W), 1.e., Berkeley rain cvent

intes: Filtration was with a 0.45 millipore filter. Throughout the
T was typically carried out within 2 days of receipt at the Berkeley
., and the general procedure followed was that of filtration and
Op

L L : +
.°C. This procedure had minimal effect on changes in [H ] as shown

‘ . S +o . , . .
Jlowing test resuits where [H ] is expressed in pequiv./liter:

coorage Time

Filtered Unfiltered
Hiays) 4°c 26°C 4°¢ 26°C
0 13.18 13.18 13.18 13.18
4 13.18 15.14 13.18 22.39
. 5 12.02 14 .45 13.18 15.14

7 12.59 11.22 10.96 13.18

"y

3. Correlation between acidity of wet precipitation measured in
tand 1iboratory:  See Table 3 iﬁ Text.
L. Comparison of duplicate digestion—p]ds-chemica]—anaiysis of
cmples.,
Motes: Tor any given sampTe, each of the duplicate analyses were
cat a completely separate time. The samples were selected at random
ites and dates and include both "wet" and "dry" precipitation samp]eé.

w5, duplication also included sample preparation (i.e. chemical
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diqgection, etc.) as well as duplication of ionic analysis procedures.

At the foot of the columns in the fof]owinq table, mean absolute
value:, hetween duplicates ! the difference at the 95% Confidence Interval
are shown. For a specific duplicate-pair this absolute value would tend towards
the higher value within the Confidence Interval for high‘concentrations,.and

tend toward the lower value for low concentrations.
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- D. Comparison of wet deposition at Davis, California, between the

samples in this‘study and that of the N.A.D.P. network , sites about 3 m away.
Notes: The sampler-devices were both of the same design (Aerochem

Metrics Model 201). However, the one in this study (designated as U.C.B. below)
was sampled following each storm-event, and the chemical analysis were performed
as detailed in this report. In contrast, the N.A.D.P. collector was sampled
weekly, and the subsequent analyses were performed at the 1aboratory in
I11inois where all N.A.D.P. network samples are sent. The comparison in the
following table is in units of total wet deposition (mg/mz). The N.A.D.T.
results may be in error, because at the time of this writing, the computerized
results of the N.A.D.P. contained some unresolved error, especially in the
volume estimates. Nevertheless, deposition estimates from the two samples
were reasonably comparable, considering all the differences in collection

methods, analyses, etc.




COMPARISON OF WET DEPOSITION IN MG/M2

94,

DURING THE PERIOD 11-12-78 TO 3-27-79 AT DAVIS.

o A.D.P.  U.C.B. Ratio

(n=10) (n=12)  N.A.D.P./U.C.B.
cal?t 28.32 30.70 0.92
vig? 13.29 15.3 0.87
KF 8.45 10.2 0.83
Na® 141.38 110.9 1.27
iy 192.92 225.9 0.85
NG 457.69 466.9 0.98
e 149.59 149.9 1.00
5027 378.15 420.7 0.90
HELAB] 1.69 2.0 0.85
25.17 23.60 1.08

Volume(1)






