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ABSTRACT 

Chemical composition of bulk (= wet + dry) precipitation was measured at two stations in the 
Colorado Rocky Mountains for each of 150 consecutive weeks. The stations were located at 
3000 m elevation approximately 6 km east of the Continental Divide and 40 km north of Denver. 

Chemical species routinely measured included particulate C, N, P and H; dissolved organic C, 
P and N ;  conductance and total alkalinity; SO;, CI-, NO;-N, NO;-N, NH:-N, Cat+, Mg++, 
Na+, K+, H,PO;-P and H+. Particulates were deposited at a rate of 147 kg/ha/yr; C accounted 
for about 21 % of this. The most important anions were total alkalinity expressed as bicarbonate 
(281 eq/ha/yr), SO; (196 eq/ha/yr) and NO,--N (129 eq/ha/yr). Among cations, Cat+  was 
most important (200 eq/ha/yr) followed by H+ (106 eq/ha/yr) and NH:-N (89 eq/ha/yr). 
Conductance averaged 16 pmho/cm. 

The composition of dry fallout was collected separately and analyzed for 70 weeks at a single 
station. Particulates accounted for 129 of the 169 kg/ha/yr total collected. Total alkalinity was 
by far the most important dry component and, expressed as HCO;, accounted for 506 eq/ha/yr 
of the total 804 eq/ha/yr for anions. About 75% of the total inorganic phosphorous in bulk 
precipitation was from dry fallout. 

The composition of Como Creek precipitation is rather different from that of other sites 
reported in the literature. At Como Creek, comparatively low levels of SOT are found 
simultaneously with comparatively high levels of Ht .  The surprisingly high levels of observed Ht 
deposition at the only site in the Rocky Mountain west with a long-term, broad spectrum record 
signal the need for extended geographic coverage of precipitation chemistry in the western U.S. 

1. Introduction 

Chemical characteristics of precipitation in the 
Rocky Mountain region appear to be essentially 
unstudied except for the data published by Gosz 
(1975, 1980), brief surveys published by Junge 
(1958), Junge and Gustafson (1957), Junge and 
Werby (1958) and the National Center for At- 
mospheric Research in-house report (Lodge et al., 
1968). The number of published studies on the 
chemical characteristics of precipitation in the 
Western U.S. as a whole is quite small (e.g.. 
Whitehead and Feth, 1964; Moodie, 1964; 
Rothacher, 1963;  Tarrant et al., 1968; Zeman and 
Slaymaker, 1978; Cole and Johnson, 1977; Lar- 
son, 1975; Liljestrand and Morgan, 1978; McColl 
and Bush, 1978) compared with the published 

studies of the northeastern part of the U.S. and 
Europe (e.g., see Proceedings of the international 
syposiurn on acid precipitation and the forest 
ecosysretn, 1976). Precipitation chemistry studies 
which have been done in the west typically are 
either of short duration or focus on one or a few 
components. This is unfortunate in view of the 
probable importance of precipitation in controlling 
the chemical mass balance of ecosystems and 
freshwater chemistry (Hutchinson, 1954; Gorham, 
1961, 1976; Likens et al., 1977). 

In  1975 we initiated an extended, broad- 
spectrum study of precipitation chemistry in the 
Colorado Rockies in order to quantify total loading 
rates, seasonal variation, and relative amounts of 
important components of bulk (= wet + dry) 
precipitation entering a mountain watershed at 
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3000 m elevation (Fig. 1). We here report results of 
the first three years of data collection. The study 
focused on those components of bulk precipitation 
which are most important in determining buffering 
capacity, acidity, ionic strength, or which may be 
of major nutritional significance in ecosystems 
(e.g., phosphorus). The present paper deals with 
(1) small-scale spatial heterogeneity, (2) measure- 
ment error, (3) average deposition rates, and (4) 
correlation among deposition components. A sub- 
sequent report will deal with temporal patterns of 
variation, including trends, in more detail. 

2. Methods 

Bulk precipitation samples were collected con- 
tinuously over I-week intervals for 150 weeks 
beginning in June of 1975. Except for a very few 
instances in which samples were spilled or equip- 
ment was damaged, samples were collected every 
week at both stations shown in Fig. 2. The bulk 
precipitation collectors which we used at the two 
sampling stations have already been described in 
detail elsewhere (Lewis and Grant, 1978). 

We also operated a Wong dry/wet fractionating 

sampler for 70 weeks. This device senses precipi- 
tation (either rain or snow) and activates a lid 
which either exposes or covers the collecting bucket 
as desired. We chose to collect the dry fraction in 
the Wong collector to avoid problems of melting 
snow, evaporation, etc. We do not have as many 
sample points for dry deposition as for bulk 
because the Wong ( I )  sometimes did not work 
properly, in which cases the sample was discarded, 
(2) was installed 12 months after the bulk collec- 
tors, and (3) we had but a single station. 

All collectors were mounted on towers such that 
the collecting surface was approximately 4 m from 
the ground surface. Elevation of the collector is 
important for present purposes, since we wish to 
quantify material entering the watershed rather 
than locally suspended materials. Coarse particu- 
late material was very seldom found on the nylon 
screens, indicating that the elevation of the collec- 
tors was effective in excluding at least large 
particles of local origin. The only time noticeable 
local contamination occurred was in connection 
with conifer pollen rain. 

Both collecting sites are in small clearings 
surrounded by conifers and/or aspen. Surrounding 
vegetation serves as an effective wind shield 

LOCATION OF STUDY SITE LOCATION OF STUDY SITE 
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Fig. 1 .  Location of Como Creek study site (C). 
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Fig. 2. Location of the two bulk precipitation collectors within the Como Creek watershed. 

(Larson, 1971), so no artificial shields were erected 
around the collectors. Wet precipitation collection 
experience at the site over the last 20 years has 
shown that unshielded collectors have the same 
yield as shielded collectors in forest clearings but 
not in tundra or cleared areas (J. Clark, personal 
communication). 

Proximity of trees may be relevant to pre- 
cipitation chemistry measurements because 
throughfall is often considerably different chemi- 
cally (e.g., McColl and Bush, 1978). At station 1, 
no vegetation is present at collector height within 
an arc of approximately 7O0 from the vertical. At 
station 2 ,  the comparable figure is approximately 
2 5 O .  There are at least two important consequences 
of these angles: (1) When the angle is too small, the 
collections can be contaminated by throughfall and 
debris from the surrounding trees. This effect tends 
to increase the apparent loading rate estimates of 
various chemical components, especially K +  (G. E. 
Likens, personal communication). The angle at 
station 2 would appear to be somewhat less than 
ideal from this point of view, but comparison with 
the other station shows no evidence of con- 
tamination. (2) On the other hand, when the 
clearance angle is too large the total precipitation 
collected can be underestimated by as much as a 
factor of 2 when high winds are common (Larson, 

197 I). Whether this effect functions differentially 
on dry and wet fractions is currently unknown. 
From this point of view, station 2 is nearly ideal in 
shielding while station 1 is somewhat too exposed. 
Again, the overall estimates from the two stations 
were not significantly different, indicating that this 
effect also is small. Extended meteorological 
records are available for nearby shielded recording 
rain gauges; these are compared with the bulk 
collectors in the results section below. 

At the time of sample collection, the bottle 
containing the accumulated bulk precipitation was 
removed from the sampler and an auxiliary bottle 
was hooked up to the hose. A rinse of 500 ml 
deionized-distilled water was then used to clean the 
surface of the collector, the small funnel, and the 
hose. The bulk precipitation and the rinse water 
were then transported in their separate containers 
to the laboratory. 

Chemical analysis of the bulk precipitation 
began two hours after sample collection and was 
for the most part complete by the following day. 
The rinse water was not combined with the sample 
itself until measurements of pH, conductance, and 
alkalinity were made. The rinse water and the 
precipitation sample were then combined and 
deionized-distilled water was added as necessary to 
bring the total volume of the sample up to 1300 ml. 
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All chemical analysis was done on this diluted 
sample and subsequent correction was for the use 
of rinse water, the use of makeup water to bring the 
total to 1300 ml (if any), and the removal of small 
amounts of sample for the measurement of pH, 
conductance, and alkalinity. 

Precipitation chemistry can be quantified both in 
terms of concentration (mass of constituent per 
volume of water) and loading rate (mass of 
constituent reaching a unit of collecting area). The 
difference between these two expressions is 
straightforward except in the case of conductance, 
which requires special explanation. When con- 
centration is being discussed, conductance is given 
in standard units (pmho/cm). Such usage parallels 
concentration values for individual constituents. 
When conductance is being used parallel with 
loading rates, however, another approach is re- 
quired. In this case, we compare the conductance 
of each sample as if all ionic constituents were 
concentrated into exactly 10 ml of water. (Since this 
was done computationally only, chemical effects 
such as changes in ionic activity do not arise.) Thus 
for a week that has 1 cm of rain (= 10,000 cm3/m2) 
and shows a conductance of 15 pmho/cm, the 
loading rate will be (10,000/10) x 15, or 15,000 
pmho/cm in 10 ml. 

The measurement of H+ concentration with glass 
electrodes can be influenced by a number of things, 
including ionic strength (Galloway and Likens, 
1979). The average ionic strength of our pre- 
cipitation samples was 3.7 x moles/l, which 
leads to an error of less than 0.1 pH units. The 
influence of other factors, e.g., temperature and 
solution stirring was minimized (Galloway and 
Likens, 1979). 

The diluted samples were first filtered through 
clean glass fiber paper (Whatman GF/C, effective 
pore size about 2 pm). The filters were then dried at 
105O for 24 hours and stored in a desiccator for 
CHNP (carbon, hydrogen, nitrogen, phosphorus) 
analysis. Multiple subsamples were taken of each 
filter with a punch for combustion in a CHN 
analyzer, which produced estimates of the percen- 
tage nitrogen, carbon, and hydrogen in the dry 
particulate matter. The operation of the CHN 
analyzer was checked routinely against standard 
orchard leaves (National Bureau of Standards, 
Washington, D.C.). Other subsamples from the 
filters were digested with heat in sulfuric acid and 
potassium sulfate until they turned clear then 

analyzed for soluble reactive phosphorus by the 
method given below. The digestion efficiency was 
checked periodically with standard orchard leaves 
and consistently proved to be highly satisfactory 
(ca. 95 %). 

From the water passing through the filter, an 
aliquot was removed for ultraviolet combustion to 
produce estimates of the amount of dissolved 
organic nitrogen and dissolved organic phosphorus 
according to the techniques described by Manny et 
al. (1971). Another aliquot was preserved with 0.01 
M HNO, for analysis of major cations by atomic 
absorption (calcium, magnesium, sodium, 
potassium). Lanthanum was added to suppress 
calcium interferences. Sulfate was determined by 
barium precipitation (Golterman, 1969), ammonia 
by a modified phenolhypochlorite method (Solor- 
zano, 1969; Koroleff, 1976), nitrate and nitrite by 
the use of the standard azo dye technique in 
combination with a cadmium-copper reduction 
system (Bendschneider and Robinson, 1952; Wood 
et al., 1967), and phosphate-phosphorus by a 
molybdate method (Murphy and Riley, 1962). 
Alkalinity was determined by titration with stan- 
dard acid to a pH of 4.4 using a pH meter 
(Golterman, 1969) and should be considered a 
measure of acid-combining capacity rather than a 
direct measure of bicarbonate alkalinity (Stumm 
and Morgan, 1970). The results are expressed as 
bicarbonate even though we will show in the results 
section that weak organic acids probably were 
significant contributors also. Selected samples were 
also titrated to pH 8.3 with NaOH in order to 
estimate the potential contributions to [H+] from 
weak acid sources (Galloway et al., 1976a, 1976b; 
Likens et al., 1976). DOC was estimated from the 
absorbance at 360 nm using the equation of Lewis 
and Canfield (1977). As the values were not 
routinely cross-checked by infrared analysis, DOC 
values should be considered provisional. Chloride 
was measured using a mercuric thiocyanate 
method (US EPA, 1979). 

The data were first analyzed for between-site 
variation by comparing weekly (1) average loading 
rates for each measured component at each site 
along with their standard errors, (2) average 
absolute difference, (3) relative differences as 
expressed by the coefficient of variation, (4) 
skewness, and (5) kurtosis of the differences. These 
last two statistics provide information about the 
shape of the frequency distributions of differences 
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showing, for example, systematic biases between 
sites. Statistical methods requiring normality of 
data were used throughout and checks of this and 
other assumptions were routinely made according 
to usual testing criteria. 

3. Results and discussion 

3.1. Aqueousprecipitation 
We compared precipitation values in mm of 

water (snow is melted by the collector) from our 
bulk collectors with the rain gauge data which were 
independently collected using standard 20 cm 
recording precipitation instrumentation by the 
University of Colorado's Mountain Research 
Station at the Como (C 1) weather station site (Fig. 
2), approximately 1 km from our collecting sites. 
The rain gauge station meets recommended shield- 
ing standards (Larson, 197 1) and has been operat- 
ing continuously since 1952 (Marr, 1961). Com- 
parison of monthly values indicates excellent 
consistency: 685 mm to 693 mm in 1976 and 673 
mm to 626 mm in 1977 for the rain gauges and 
bulk colledtors, respectively. We have used the 
amount measured in our bulk collectors for all 
calculations involving amount of wet precipitation. 

There is a substantial seasonality of wet precipi- 
tation at the Como Creek site which influences 
loading rates. Fig. 3 illustrates the seasonality for 
five year averages from Barry (1973) as well as the 
observations for the years 1974 through 1977 (J. 
Clark, unpublished records for C 1 station). Early 

- 
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1974 1975 1976 1977 

Fig. 3. Precipitation measurements taken at the Como 
(C 1) weather station during the sampling period covered 
in this paper are shown with open circles and solid lines. 
Five-year averages for 1972-1977 are shown as closed 
circles with dotted lines. 

spring (April, May, June) is typically the season of 
heaviest precipitation, while late fall through early 
winter (October, November, December, January) is 
the period of lowest precipitation. Actual pre- 
cipitation amounts vary substantially from these 
overall patterns in any given month or any given 
year. June 1977, for example, shows only 32 mm of 
water while the five year average for June is nearly 
triple that amount. The most striking instance of 
departure from average conditions during the study 
occurred between May 1976 and March 1977, 
when wet precipitation was below average for 11 
consecutive months. There was no significant linear 
trend in precipitation amount across the entire 
sampling period. The only other published pre- 
cipitation chemistry data from this general region 
were taken at Grand Junction, Colorado (Lodge et 
al., 1968; Junge and Gustafson, 1957), a site with 
an average annual rainfall of 213 mm/year and an 
elevation of 1474 m. 

3.2. Spatial variation and measurement error 
The two bulk collectors were located approxi- 

mately 1 km apart (Fig. 2). Differences in chemical 
loading rates between them reflect the sum of 
small-scale spatial variation in bulk precipitation 
input plus all measurement error. We have com- 
pared the loading rate data from the two sites in 
three ways in order to quantify spatial variation 
and to facilitate comparison of the between-site 
variation in our data set with variation in other data 
sets: (1) arithmetic mean loading rates for station 
1 and station 2 and their standard errors (Table 1, 
columns 2 and 3), (2) the average absolute 
difference between loading rates at the two sites 
(Table 1, column 4), (3) the relative difference in 
loading rates, expressed as the coefficient of 
variation (CV = (s x lOO)/j), where j is the mean 
of the two stations (Table 1, column 5 ) ,  and (4) 
shape estimates of the deviation curves (presented 
in the last two columns of Table 1). 

Average values for the two stations were quite 
similar. All but one variable of the 20 measured 
had overlapping 95 YO confidence intervals for the 
two stations, indicating no significant differences 
above what one would expect under the null 
hypothesis of equal means for 20 such com- 
parisons. On the basis of this between-site con- 
sistency, we treat the two stations as replicate 
measurements for the remainder of this paper. This 
results in (1) increased reliability of each weekly 
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Table 1. Comparison of weekly mean bulk precipitation loading rates for upper and lower precipitation 
sampling stations at Como Creek (mglm2 unless otherwise noted) 

Mean and Mean and 1 Coefficient 
std. error? std. error? - 1 I(Y, - Y J  of 

variation.? Skewness Kurtosis N Variable station 1 station 2 

Particulates 249.2 f 30.3 339.7 f 38.2 158.3 50 0.496 20.58 
c (%) 23.1 _+ 1.2 18.8 _+ 1.3 6.92 9 -0.575 0.087 
N (%) 1.20 f 0.09 0.93 f 0.08 0.45 38 0.456 1.093 
p (96) 0.20 f 0.01 0.16 f 0.01 0.088 46 0.315 2.26 
H (%) 4.20 f 0.22 3.05 f 0.21 1.59 40 0.307 0.657 

HCO; 31.5 f 3.5 33.5 f 3.6 11.3 43 -1.179 10.31 

Ca++ 7.66 f 0.74 7.56 f 0.63 2.38 28 1.60 11.57 
Mg++ 0.89 f 0.07 0.86 f 0.06 0.32 15 0.245 8.38 
Na+ 4.20 f 0.38 3.47 f 0.27 1.70 40 3.19 15.01 
K+ 3.04 f 0.3 1 3.42 f 0.54 2.00 55 -4.01 32.65 
H,PO;-P 0.10 f 0.02 0.091 f 0.01 0.062 58 -7.44 76.19 
NO;-N 3.53 f 0.29 3.42 f 0.75 1 .oo 7 4.76 36.68 
N0i-N 0.05 f 0.01 0.060 f 0.01 0.003 2 -1.27 23.19 
NHI-N 2.45 f 0.23 2.41 f 0.23 0.99 7 1.31 8.17 
DOC 8.98 1.55 19.40 f 1.69 5.77 27 0.543 10.5 1 
DOP 0.066 _+ 0.008 0.063 _+ 0.012 0.048 66 -4.43 41.23 
DON 2.37 f 0.25 2.17 f 0.40 1.70 58 -3.67 25.22 
pH units 4.79 & 0.06 4.81 f 0.06 0.2 4 1.52 10.17 
Conductance 22,014 t 2080 19,741 f 1278 5.6 32 4.58 36.12 

so; 16.30_+ 1.31 15.46 f 1.64 9.16 5 1  -2.667 23.62 

pmho/cm, 10 ml 

t Includes error variance, seasonal, and nonseasonal temporal variance (see text for details). 

observation (9 = s/fi), (2) a greater degree of 
normality (from the central limit theorem) and (3) a 
very conservative number of degrees of freedom to 
be used in statistical hypothesis testing. Conse- 
quence number 3 is especially important in the 
analysis of linear trends over time (Lewis and 
Grant, 1980). Although the average values at the 
two stations over any substantial period of time 
were similar, individual samples did often vary 
substantially, suggesting that small-scale spatial 
variation sometimes does exist in bulk precipi- 
tation and may be worthy of specific consideration 
in the future. 

The 12 positive and 8 negative values calculated 
for skewness (Table 1) were not significantly 
different by the runs test, indicating a lack of 
evidence for consistent overall bias. Although there 
are significant deviations from normal symmetry in 
individual components, no overall pattern appears. 
Potassium, for example, seems to be consistently a 
bit higher at station 2 (the lower, more shielded site 
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with a smaller open canopy angle) but Na+, Mg++, 
and Cat+ appear to be higher at station 1. NOT-N, 
and NO;-N, which are highly correlated with each 
other in the overall deposition rates, show opposite 
biases. We conclude that systematic open/closed 
canopy effects are not large enough to be of 
concern in this study. 

The flatnesdpeakedness (kurtosis) of the dif- 
ference curves, on the other hand, shows consistent 
deviation from normality. In particular, the curves 
are flatter with more observations in the “shoul- 
ders” of the curve and fewer in the tails than for 
normal curves. This strong and consistent pattern 
indicates that the values from the two stations are 
commonly slightly different, but very rarely largely 
different, and that identical values from the two 
stations were observed less frequently than expec- 
ted for a normal curve. We interpret these results to 
indicate that slight, but real, small-scale (1 km) 
spatial heterogeneity exists in the precipitation 
deposition patterns. 
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Standard errors of the means were calculated as 
usual (s/fi). Estimation of standard errors in this 
fashion includes the variation due to seasonal 
cycles in addition to errors of measurement and 
sampling. The reader should thus not interpret 
these variations as due to random error alone. 
Average temperature provides a clear example in 
which the magnitude of a standard error is 
dominated by regular seasonal variation. The 
coefficient of variation will be similarly affected. 
We will deal with these important aspects of 
temporal variation in considerable detail in a 
subsequent paper. 

Table 1 indicates that the standard errors of the 
weekly arithmetic mean loading rate estimates, 
averaged over the total 150 week sampling period, 
are commonly of the order of 10-15% of the 
mean. This general level of precision is reflected in 
the ionic balance estimates, which were 0.086 
meq/l for cations and 0.096 meq/l for anions. The 
agreement, within 10.5% of the anion total, is 
quantitatively what should be expected given the 
normal variation of the weekly estimates for each 
component. In our system the bicarbonate anion is 
particularly crucial. The theoretical titration end 
point will vary in the neighborhood of 4.4-4.6 

depending upon the chemical complexity of a 
particular sample. We potentiometrically titrate to 
pH 4.4, although at a pH of 4.6 the concentration 
of HCO; is so small (approximately equal to 2 x 
lo-’ moleskter) as to be almost negligible (Stumm 
and Morgan, 1970). We believe this particular 
figure to be most responsible for the anionic surplus 
in our data. Although we cannot exclude the 
possibility that unmeasured cations may occasion- 
ally be present in unsuspected large quantities, the 
conductance measurements indicate this is unlikely. 
On the assumption of infinite dilution the average 
conductance for our samples should theoretically 
be 16.0 pmholcm, which matches the observed 
value of 16.1 pmho/cm (2OOC). This agreement 
indicates that no major ionic components are being 
overlooked. 

3.3. Relative precipitation composition 
Carbon in the form of undissolved particulates 

and in dissolved organic form (Table 2) was by far 
the most abundant measured element, by weight, 
reaching the watershed (oxygen was, of course, 
likely to be the single most important element but 
was not directly measured). Calcium was the most 
important cationic component, accounting for 36 YO 

Table 2. Arithmetic mean bulk precipitation chemistry values and their standard errors for  Como Creek 
based on approximately 150 weekly observations at each of two stations 

kg/ha/yr eqlhalyr mgll eqll 

Particulates 147.2 f 15.91 - 21.8 f 2.4 - 

(20.92 f 0.85) - 4.73 f 0.19 - 

- 0.04 f 0.002 - 
(3.19 f 0.02) - 0.72 5 0.03 - 

- - 
c (%) 
N (%I 
p (%I 
H (%) 

(1.12 f 0.05) 
(0.18 f 0.01) 

0.25 f 0.01 

HCO; 17.2 f 1.9 281.4 f 31.8 2.54 f 0.31 41.7 f 4.7 
so; 9.43 f 1.01 196.4 f 21.0 1.40 f 0.14 29.1 f 3.0 
Ca++ 4.00 f 0.35 199.6 f 17.5 0.59 f 0.05 29.6 f 2.86 
Mg++ 0.46 f 0.03 37.5 f 5.3 0.07 f 0.01 5.8 f 0.8 
Na+ 1.97 f 0.16 85.6 f 13.0 0.29 f 0.02 13.0 f 1.0 
K+ 1.57 f 0.14 40.2 k 4.6 0.23 f 0.02 6.0 f 0.8 

NO,-N 1.80 f 0.15 128.8 f 10.7 0.27 f 0.02 19.3 k 1.6 
NOT-N 0.029 f 0.003 2.0 f 0.2 0.004 f 0.001 0.31 f 0.03 
NHi-N 1.25 f 0.11 89.4 f 8.2 0.19 f 0.02 13.7 f 1.2 
H+ 0.106 & 0.011 106 f 1 1  0.0158 k 0.0017 15.8 k 1.7 
c1- 0.92 & 0.08 25.8 2.3 0.14 f 1.26 3.9 & 0.4 
DOC 10.29 f 0.87 
DOP 0.036 f 0.005 
DON 

0.008 f 0.001 <0.0001 H,PO;-P 0.055 f 0.009 (0.001 

- 1.52 f 0.13 - 
- 0.0053 f 0.0008 - 

1.22 f 0.15 0.18 f 0.02 - 

Conductance 16.1 f 1.2 - 

- 

- 

Ormho/cm) 
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of the cationic equivalents deposited per hectare per 
year. Hydrogen, ammonium, and sodium ions 
accounted for 19%, 16% and 15%, respectively. 
Bicarbonate was by far the most important anion, 
accounting for 44% of the anionic equivalents; 
sulfate (3 1%) and nitrate-nitrogen (20%) accoun- 
ted for the bulk of the remainder. 

Column 4, Table 2, shows the average weekly 
concentrations and standard errors of each 
measured component in bulk precipitation ex- 
pressed as mg/l. The reader is reminded that these 
concentration figures are statistical entities only, to 
be used for comparative purposes. They do not 
reflect observed concentrations in a solution in a 
chemical sense. On a sheer mass basis, the 
insoluble particulate fraction, especially carbon, 
contributed most heavily to bulk precipitation. 
Among the soluble components, the HCO; ion is 
present in highest concentrations followed closely 
by dissolved organic carbon, SO; and Ca++. 

Finally, column 5 of Table 2 shows the con- 
centrations of bulk precipitation components ex- 
pressed on an equivalent concentration basis. 
Among the directly measured ionic constituents, 
bicarbonate, sulfate and calcium are the most 
important followed by the nitrate, hydrogen and 
ammonium ions. The H+ ion ranks fifth among the 
components in this category. 

The results shown in Table 2 indicate that the 
chemistry of bulk precipitation in the Como Creek 
watershed is substantially different from that of any 
other previously reported site. The differences 
appear to be best explained by location. The Como 
Creek site is located in a mountain environment 
surrounded by large areas of windy and dusty 
semi-arid plains. Maritime influence appears to be 
negligible (but cf. Junge and Gustafson, 1957). As 
a mountain location, the Como catchment receives 
a much larger amount of wet precipitation than the 
nearest site for which comparable data are avail- 
able (Grand Junction, Colorado; Lodge et al., 
1968; Junge and Gustafson, 1955). Soil influence is 
strongly indicated by the very high Ca++ to Na+ 
ratio in our samples (approximately 2 : l )  as 
compared to the Berkeley Hills site (approximately 
1:3) where maritime sources are clearly more 
important. Similarly, the CI- to Na+ ratio of 
approximately 1 : 2 deviates sharply from the 
approximate 1: 1 value seen at Berkeley Hills and 
from the 1.9:l ratio that would indicate an 
exclusively maritime source. These ion ratios most 

likely reflect terrestrial influence on deposition 
chemistry. 

The SO; deposition rates at Como Creek were 
lower than at any other sites in the U.S. for which 
we could obtain bulk deposition values (e.g., Swank 
and Henderson, 1976; Likens et al., 1977; 
Tabatabai and Laften, 1976; Cole and Johnson, 
1977; McColl and Bush, 1978; Galloway and 
Whelpdale, 1980). For example, SO; accounted for 
about 80% of the anionic equivalents at Hubbard 
Brook (Likens et al., 1977), whereas SO; accoun- 
ted for about 30% at Como Creek. We interpret 
the consistently lower SO; deposition as due to the 
comparatively lower degree of industrialization in 
the Rocky Mountain and Great Basin areas to the 
west. 

The NO;-N and NHi-N deposition rates, in 
contrast, are not consistently lower than all other 
U.S. sites. Both species were considerably more 
important at Como Creek than at Berkeley Hills, 
for example. Our comparatively high NO; to SO; 
ratios may be the result of two major regional 
nitrogen sources, the Denver urban corridor (Kelly 
and Stedman, 1980) and agricultural fertilization, 
although we do not as yet know what proportion of 
the nitrogen oxides are of local or regional origin 
(Lewis and Grant, 1980b). Other western U.S. 
precipitation measurements have also shown a 
higher NO; to SO; ratio (e.g., Liljestrand and 
Morgan, 1978) than that observed in the east 
(Likens et al., 1977). 

Bulk precipitation plays a major role in the 
nutrient balance of the Como Creek catchment. In 
particular, quantitatively important amounts of 
nitrogen, phosphorus and sulfur enter the 
watershed via this mechanism. Total nitrogen being 
carried into the watershed amounts to 5.94 
kg/ha/yr in all forms (particulate, NO,-N, NO;- 
N, NHi-N, and dissolved organic nitrogen). This 
rather high figure can be compared with 6.7 
kg/ha/yr at Hubbard Brook (Likens et al., 1977), 
3.0 kg/ha/yr for a site in western Oregon 
(Frederickson, 1976), 1.49 for a coastal site in 
Oregon (Tarrant et al., 1968), and approximately 
2.0 kg/ha/yr for Berkeley Hills (McColl and Bush, 
1978). 

Not all of these cited studies included estimates 
for all major forms of nitrogen, especially particul- 
ate and dissolved organics. Our data indicate that 
these sources provide ecologically important 
amounts and should not be ignored. By com- 
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parison, nitrogen fixation is usually of the order of 
2-10 kg/ha/yr (Hutchinson, 1954). Nitrogen fixers 
appear to be rather limited in the Como Creek 
watershed so the lower figure will probably be 
nearer the actual value. 

3.4. Precipitation acidity 
In attempting to chart trends in either free 

acidity, IHt], or free alkalinity, [HCO;, + metal 
oxides, + weak acids], one must simultaneously 
consider both components. An increase in pH 
could be due to a decreasing input of hydrogen 
ions, to an increasing input in neutralizing compo- 
nents (primarily bicarbonate in our system), or to 
simultaneous changes in each. In our analyses, we 
have made the following assumptions: 

(1) The primary determinants of free acidity in 
precipitation are strong mineral acids (H,SO, and 
HNO,) in equilibrium with neutralizing compo- 
nents. The pH of our precipitation samples 
generally was between 4.0 and 5 .5 ,  which justifies 
our attribution of the Ht  ions (free acidity) to the 
strong acids in favor of the weak acids (Galloway 
et al., 1976; Galloway and Likens, 1979). At these 
pH values the bulk of the alkalinity will be due to 
the bicarbonate ion; hydroxides will be approxi- 
mately 1/500 the concentration of bicarbonate ions 
(Reuss, 1976) and there will be some contribution 

to total alkalinity from weak organic acids and 
metal oxides. 

(2) We assume that all of the SO; and NO; in 
bulk precipitation is associated with an equivalent 
amount of H t  ion. While we recognize that this is 
not strictly true (Granat, 1972) deviations from this 
pattern appear to be small enough to be unimpor- 
tant for our purposes. 

(3) Total alkalinity is assumed to be the sum of 
measured alkalinity plus the difference between the 
hydrogen ion concentration estimated on the basis 
of the major anions and the hydrogen ion concen- 
tration actually observed. Total acidity (H') in the 
sense of Galloway et al. (1976b) was not measured 
weekly but was estimated for several samples by 
titrating to pH 8.3 with a strong base. Because of 
the difficulties involved with the atmospheric H,O 
+ CO, = H,CO, reaction (Galloway and Likens, 
1979), we titrated for total acidity only those 
samples in which the original pH was less than 5.0. 
Our results indicate a range of HF (= free acidity) 
of between 15 and 35% with a mean of approxi- 
mately 20%. 

The Ht loading rate estimated from the sum of 
the equivalents of sulfate and nitrate was 325 
eq/ha/yr (Table 3). Measured Ht  was 106 eq/ 
ha/yr, implying that 219 eq/ha/yr of H t  was 
neutralized. These figures indicate that 67% of H+, 

Table 3. Simple linear correlation coefficients ( x  100) among bulk precipitation components. The upper 
right triangle uses loading rates, the lower lefr uses concentrations. Correlations which were signijicant 
at p I 0.05 are in italic type 

Amount 

Particulates 
H C O ,  
so4 
C a t .  
Mg' + 

N a '  
K '  
H , P 0 4 - P  
NO,-N 
NO,-N 
NHi-N 
DOC 
DOP 
DON 
PH 

precipitation 31 60  19 44 40 46 22 19  52 58 39 99 35 24 42 71 
0 7 53 60  18 33 36 38 3 9  30 33 65 33 -5  36 

10 22 55 42 45 54 
-10 42 49 54 59  51 75 76 66 56 39 56 37 62 

-4 16 45 52 60 40 72 71 62 64  46 50 37 71 
45 36 57 -21 49 

3 9  29 40 71 
34 9 58 
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as estimated from SO; and NO;, was neutralized 
by bulk precipitation bases. Conversely, we esti- 
mate the total alkalinity as the observed 282 
eqlhalyr plus the neutralized 219 eqlhalyr = 501 
eq/ha/yr, of which 44% had been neutralized by 
Ht. The average [Ht]  yielded a pH of 4.80. 
Because some of our samples had pH’s greater 
than 5.65, we also averaged C0,-acidity as given in 
Stumm and Morgan (1970) rather than [HtI. This 
method indicated an average acidity of 23.1 ,ueq/l 
which translates to a pH value of 4.67, only slightly 
different from average LHtl (pH = 4.80). 

The 4.80 value compares with 6.15 for Iowa 
(Tabatabai and Laflen, 1976), 5.0 and 6.3 for 
northern and lower Michigan, respectively 
(Richardson and Merva, 1976), 6.5 for central 
Texas (Cooper et al., 1976), 4.14 for the 
northeastern U.S. (Likens et al., 1977), 5.0 for 
Berkeley Hills, California (McColl and Bush, 
1978), and 4.06 for Pasadena, California (Liljest- 
rand and Morgan, 1978). Pack (1980) reports pH 
values between 4.07 and 4.46 for several sites in the 
eastern U.S., while Brezonik et al. (1980) report 
average values between 4.7 and 5.5 for the Florida 
peninsula. Lewis (198 1) indicates a value of 5.96 
for a watershed in Venezuela. The values in the 
literature are sometimes based on different samp- 
ling techniques (e.g., wet only vs. bulk samples) and 
often span different lengths of time. As values less 
than pH = 5.65 are indicative of influence by 
human activities (Galloway et al., 1976a), our data 
provide strong evidence that the precipitation 
falling into the Como Creek watershed is routinely 
influenced by human activities (Lewis and Grant, 
1980a). Although Barry (1973) showed that the 
vast majority of air mass movements over the 
collecting site come across the Continental Divide 
from low population density regions to the west 
and northwest, the Como site does experience 
up-slope conditions which can bring substantial 
amounts of nitrogen to the area, at least during 
some periods of the year (Kelly and Stedman, 
1980). We are not yet in a position to identify the 
geographic sources of the acidifying components in 
a quantitative way. In any case, our data indicate 
that at least one site in the Rocky Mountain west is 
routinely receiving precipitation which is decidedly 
acidic. 

The major buffering compound in our system is 
bicarbonate, in marked contrast to the Hubbard 
Brook watershed, where bicarbonate is present in 

trace amounts only (Likens et al., 1977). The 
bicarbonate ion is the single most important 
measured ionic component on an equivalent basis, 
indicating that substantial amounts of alkaline 
earths such as CaCO, are important contributors 
to bulk precipitation in this region. These data are 
consistent with Gosz’s findings (1975) that particu- 
late input is more important in the Sangre de Cristo 
mountains of New Mexico than in the White 
Mountains of New Hampshire. The extent to which 
terrestrial components are influencing the character 
of Como Creek precipitation has already been 
shown by the results of the total alkalinity and total 
acidity calculations. Further, the results of the 
titration to pH 8.3 on selected samples shows a 
much greater proportion of weak acids in Rocky 
Mountain precipitation than in precipitation at 
Hubbard Brook. These act as a reserve buffer 
system and tend to counteract increases in pH. 
Consideration of the overall average values of each 
of these components indicates that roughly 50% of 
the normal acid buffering capacity of precipitation 
at Como Creek has been exhausted. 

We calculated the theoretical pH of our samples 
using Granat’s (1972) model, which treats sea salt 
as neutral and corrects for sea salt contributions to 
precipitation by subtracting the appropriate equiva- 
lent amounts for each component. This model has 
been shown to be effective in predicting pH values 
for several sites in the eastern U.S. (Cogbill and 
Likens, 1974). The Granat model as given in 
Granat’s 1972 paper predicts a pH of 6.02 for 
Como Creek precipitation, 1.22 pH units higher 
than the observed value of 4.80. This large 
discrepancy is further evidence that the com- 
position of bulk precipitation at Como Creek is 
strongly influenced by terrestrial sources which 
make the Granat maritime model inappropriate for 
this region. 

Liljestrand and Morgan (1979), in an analysis of 
random error associated with pH measurements, 
used a charge balance model to estimate pH from 
the data published by Lodge et al. (1968). Their 
analysis indicated that the pH of precipitation at 
Grand Junction, the site closest to Como Creek, 
was likely to have been between 7.15 and 7.34. 
Whether the enormous difference between that 
estimate and our observed 4.80 figure at Como 
Creek is due to regional, topographic, or temporal 
variation (downward trend in pH over time) or 
some combination of the three cannot at present be 
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determined. It is also possible that the original 
limited suite of variables measured by Lodge et al. 
(1968), which did not include alkalinity or pH, was 
inadequate to characterize the H+ composition. 

3.5.  Correlation analysis 
In order to measure the degree of linear 

association among all the components pairwise we 
calculated the Pearson product moment correlation 
coefficient for all pairs of the bulk precipitation 
components. Because this statistic is so sensitive to 
extreme or outlying values, we filtered all the data 
by automatically excluding any outlier more than 
1.96 standard deviations from the mean. This filter 
was applied uniformly to all variables and usually 
resulted in exclusion of 1 to 7 points. In general, 
application of this filter led to slightly lower 
correlation coefficients. The mean values for the 
filtered data set are given by Lewis (198 l), whereas 
the means for the unfiltered data have been given 
here in Tables 1 and 2. 

The results are shown in Table 3, where the 
upper right triangle shows the correlation 
coefficients among loading rates and the lower left 
triangle shows the correlations among concen- 
trations where such units are appropriate. To read 
the matrix of correlation coefficients, choose the 
triangle which contains the information of interest 
and find the intersection point for any particular 
component pair. For example, the estimate of 
correlation between loading rates of Ca++ and SO; 
is a nonsignificant 0.13 (roman figures), while the 
corresponding estimate of correlation between 
concentrations of Ca++ and SO; is a highly 
significant 0.40 (italic figures). We will examine the 
correlations among precipitation components in 
more detail elsewhere and restrict our attention in 
this paper to the most obvious patterns. 

There is a much stronger interrelationship 
among concentrations than among loading rates. 
The average (absolute value) correlation estimate 
among components from the standpoint of con- 
centration was 0.51 while the average among 
loading rates for these same variables was 0.33. 
Correlations higher than 0.9 were rare in the 
loading rate set but there were several in the 
concentration set. These results illustrate the 
multiplicative nature of loading rate (concen- 
tration x volume) as well as the relatively high 
degree of statistical independence between con- 

centration and amount of precipitation, when 
measured weekly. 

The degree of correlation between loading rate 
and amount of precipitation was surprisingly small. 
DOC was the only component with a near-perfect 
linear relationship. Most components showed a 
positive correlation with most other components. In 
loading rates a part of this relationship is likely due 
to the seasonality of precipitation and concomitant 
seasonality of loading rates. With respect to 
concentrations, it seems that precipitation which 
was high in some components tended to be high in 
many others as well. 

H+ loading rate was most strongly correlated 
with amount of precipitation, SO;, NOT-N, 
NO;-N and DOC loading rates. The strong 
positive association with sulfate and nitrate is easily 
understood, as these are the anions of the strong 
acids believed to be contributing the vast majority 
of H+ ions. 

Bicarbonate loading rate was most strongly 
associated with DOC and was also positively 
associated with Mg++ and Ca++. These results 
suggest that much of the bicarbonate ion may be 
derived from MgCO, and CaCO, dust. The SO; 
ion was not particularly strongly correlated with 
any other ion except H+. The nitrogen-containing 
compounds NO;, NO; and NH: were fairly 
strongly interrelated, suggesting common sources 
as well as interconversions. 

Precipitation pH was positively correlated with 
the concentration of the bicarbonate ion, negatively 
correlated with the sulfate ion, and positively 
correlated to a substantial degree with the NH: ion. 
These patterns are consistent with our assumptions 
about the substances controlling precipitation 
acidity. McColl and Bush (1978) report few 
significant correlations among their measured 
components, whereas we found significance to be 
more the rule than the exception. This variance 
between studies is at least partly due to our larger 
sample size, which permits detection of weaker 
associations. 

At first glance the marked seasonal patterns in 
loading rates, observed in many of the components 
of bulk precipitation, appeared to be explained by 
the underlying seasonality of aqueous precipitation. 
A second cause of changes in loading rates, 
however, could be changes in concentration which 
either exaggerate or damp the influence of varying 
amounts of aqueous precipitation. In order to 
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quantify the influence of each of these components 
independently, Model I1 multiple regression of 
loading rates versus amount of aqueous precipi- 
tation and concentration was performed on all 
components. The results are shown in Table 4 
expressed in terms of the coefficient of deter- 
mination ( r2)  which can be interpreted as the 
proportion of the variation in loading rates “ex- 
plained” by linear relationships between the 
amount of aqueous precipitation and concen- 
tration, separately. 

The first pattern shown in Table 4 is that, in 
general, much of the variance is unexplained by 
amount of aqueous precipitation and con- 
centration. This was the result of strong patterns of 
nonlinearity between both concentration and 
amount of precipitation. 

A second pattern in Table 4 is that five of six 
components which show an r2 value larger than 
40% in column 4 derive a larger share of that 
explanatory power from the amount of aqueous 
precipitation. Dissolved organic nitrogen is the 
single exception. Dissolved organic carbon, in 

Table 4. Proportion of variation in loading rates 
explained by amount of aqueous precipitation and 
by concentration in Como Creek bulk precipitation 
as measured by the coeflcient of determination in 
(rZ)  in % 

r: 
amount of 
aqueous r: r: + r: 

Component precipitation concentration total 

Particulates 
% C  
% N  
% P  
% H  
HCO: 
so,’ 
Ca++ 
Mgt+ 
Naf 
K+ 
H2POi-P 
NOT-N 
NOT-N 
NH:-N 
DOC 
DOP 
DON 
H+ 

9 
23 
38 
2 

18 
48 

3 
24 
18 
22 

6 
6 

39 
41 
13 
97 
15 

7 
43 

3 
1 
0 
0 
0 

33 
23 
20 
19 

1 
5 

12 
26 
9 

25 
0 

13 
36 
1 

12 
24 
38 
2 

18 
80 
26 
45 
37 
23 
1 1  
17 
62 
49 
39 
97 
28 
43 
50 

particular, follows the aqueous pattern almost 
perfectly. In contrast, DON, H,PO;-P, NH:-N 
and SO; loading rates follow changes in concen- 
tration more closely than amount of aqueous 
precipitation. 

3.6. Dry fallout 
Table 5 provides a comparison between the bulk 

precipitation and the dry deposition fraction, each 
of which was measured directly. The methodology 
of dry fallout collection is not well established and, 
for the reasons given earlier, the reliability of the 
data for dry values is somewhat lower than for bulk 
precipitation. These caveats notwithstanding, 
several very interesting patterns can be seen in 
Table 5. 

Dry fallout contributed about 87 % of insoluble 
particulates. More than 75% of the inorganic 
phosphate which entered the watershed from the 
atmosphere did so in the form of dry fallout. Most 
of the magnesium and sodium also settled out in the 
dry fraction while roughly 50% of the calcium was 
so deposited. Most of the other constituents such as 
SO; and NO;, were deposited in a ratio of about 
1 : 5 dry to bulk. 

Estimation of the relative partitioning for the H+, 
NH:, and HCO; is somewhat more complicated 
because of the interdependency of these con- 
stituents. In our bulk collection samples these 
components will have equilibrated with each other 
(and atmospheric C02) as described earlier. The 
dry sample, however, was never mixed with any 
other sample but was directly solubilized in distilled 

Table 5 .  Arithmetic mean dry fallout estimates, 
standard errors, and proportion of bulk values for  
70 weekly observations at a single station 

%of bulk 
precipitation 

kg/ha/yr eq/ha/);r loading rate 

Particulates 128.6 f 17.3 - 87.4 
HCO; 30.83 f 1.78 505.5 f 29.1 180 
so; 1.95 f 0.59 40.6 f 12.1 20.7 
Cat+ 1.55 f 0.26 77.4 f 12.8 38.8 
Mg++ 0.29 f 0.07 23.8 f 5.6 63.0 

1.47 f 0.16 63.9 f 7.0 74.6 Na+ 
0.75 f 0.14 19.1 f 3.7 47.8 K+ 
0.04 f 0.01 0.4 f 0.6 75.6 H,PO;-P 

N05-N 0.40 f 0.03 28.4 f 2.0 22.2 
0.003 f 0.001 0.2 f 0.03 10.3 NO;-N 

NHt-N 0.29 f 0.03 2.1 f 0.23 23.2 
Soluble organic C 0.67 f 0.09 - 6.5 
Soluble organic P 0.02 f 0.003 - 55.6 . 
Soluble organic N 0.20 f 0.03 - 16.4 
H’ 0.04f 0.01 43 f lo 37.7 ’ 
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H,O. This is why the dry fallout HCO; fraction 
alone had more HCO; than bulk precipitation. 

Dry fallout contributed major amounts of 
several bulk precipitation components. From an 
element cycling point of view, exclusion of dry 
deposition would lead to serious systematic biases. 
Ecologically, we view bulk loading rates to be a 
reasonable assessment of naturally occurring 
deposition. 

4. General comments 

The composition of bulk precipitation at  the high 
mountain Como Creek site was found to be 
considerably different from that of any previously 
published data. The precipitation was unique in 
showing comparatively low levels of SO; while 
simultaneously being decidedly acidic. Com- 
paratively large amounts of Ca++ and Na+ plus 
the quantitatively important role of dry fallout 
strongly indicate that terrestrial sources were a 
major source of deposition in the Como 
catchment. 

If the data presented in this paper on precipi- 
tation acidity prove to be typical of the Rocky 
Mountain west and if the trend of increasing 
acidity continues (e.g., Lewis and Grant, 1980a), 
substantial changes in the recipient mountain 

ecosystems can be expected (Lewis and Grant. 
1979). High mountain lakes of the Rockies tend to 
be poorly buffered because of the predominantly 
granitic substratum and thus are likely to be 
comparatively sensitive to changes in precipitation 
pH. Aquatic systems, especially lakes, will prob- 
ably be affected first and most adversely (e.g., 
Beamish, 1974), much in the fashion of the 
Adirondacks (e.g., Cronan and Schofield, 1979). 
The difficulties presented by acid precipitation in 
the Rocky Mountain region may well be intensified 
by the anticipated development of fossil fuel 
reserves, especially coal and oil shale, in this region. 
The potential for change is large. We believe the 
chemistry of precipitation in this region warrants 
continued close empirical study. 
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XMMMII OCAHKOB B IIITATE KOJIOPAAO, CIIIA 

XHMH’iSKHfi COCTaB KOJlA’ieCTBa OCanKOB (XWnKHX H 
CYXWX) H3MepRnCR H a  nByX CTaHUHRX B CKWIHCTblX 

ITOCnenOBaTeflbHbIX Henenb. CTaHUWW KOMO KPHK 
(pyYe# KOMO) HaXOnRTCfl H a  BbICOTe 3000 M, npW- 
MepH0 B 6 KM K BOCTOKY OT KOHTWHeHTZlJlbHOTO 

ropax unaTa Konopano, H a  Kaxnofi cTaHum no 150 

eonopasnena (TaK xe nepeeana B CKanecrbrx ropax) 
w B 40 KM K BOCTOKY OT AeHBepa. 

XHMH’ieCKHe pa3HOBHflHOCTH A3MepReMble 06b1- 
YHblM 06pa3OM BKJIWO’lL3JTW YaCTWUbl (“IIapTWKy- 
JlaTbI”) c, N, P H H; PaCTBOpeHHble OpraHW’ieCKHe 
c, P W N; npOBOntiMOCTb H CYMMBPHYW UenO’i- 
HOCTb; SOT, NO;-N, NOT-N, NHf-N, Ca++, Mg++, 

BOnOpa3nen C KOflHYeCTBOM B 147 Kr/reKTap/B roll C 
TeM YTO, c COCTaBnRnO OKOnO 21% BCerO 3 T O r 0  
KOn W’ieCTBa. CaM ble BIXH ble a H H O H H  ble KOMnOHeHTbl 
6b1n~: CyMMapHaR UlenO’iHOCTb BblpaXeHHaR B @OpMe 

3 K B / R K / B  rOn)  H N0T-N (129 3KB/TeK/B rOn). CpenH 
KaTHOHOB c a + +  6bIn CaMblM BaXHblM (200 3KB/TeK/B 

NH:-N (89 3KB/TeK/B rOn). npOBOnWMOCTb B 

Na+, K+, H,PO;-P H H+. YacTwubi ocaxnanxcb B 

nayyrneKrtcnoro (28 I ~ K B / ~ ~ K / B  ron) SO; ( I  96 

ron), 3 a ~ e ~  cnenoBan H +  (106 ~ K B / ~ ~ K / B  r o d  A 

cpenHeM 16 MWKPOMOCM. 
Comas cyxoro BbinaneHm (ocanKoB) co6npancn w 

a~anwsepo~anca  B Te’iewie 70 ktenenb H a  omiofi 
CTBHUHH. YaCTHUbI COCTaBnRnH 129 Kr/reK/B roil W 3  
169 KT/TeK/B rOn BCeX C06PaHHbIX. CyMMapHaR 
UleflO’IHOCTb 6b1na PeluWTeJIbHO CaMblM rnaBHbIM 
CYXHM KOMnOHeHTOM H BblpaXeHHaR KBK HCO;, 
COCTaBnRna 506 3KB/TeK/B rOn A 3  BCeX H3MePeHHblX 
CYMMaPHblX 804 3KB/TeK/B r0n. OKOnO 75% o6mero 
HeopraHH’iecKoro @oc@opa 3arpyxe~~o1-0 B Bono- 
pasnen 6bmo w 3  cyxux OcanKoB. 

COCTaB OCanKOB KOMO K ~ H K  3Ha9HTeflbHO OTflW’i- 
aeTCROTnpyrHXO6pa3UOBOnWCaHHblXBnHTepaType, 
HCO6CTBeHHOTeM,’ITOCpaBHWTe~bHOHH3KHe~POBHH 
so; 6bmu HakneHbI OnHOBpeMeHHO C CpaBHHTeflbHO 
BbICOKHMW YpOBHRMw Hf . YnHBHTeflbHO BblCOKHe H 
yBeflW9WBatOlUHeCR YPOBHW OTnOXeHHA H3Y’leHHOTO 
H+ H a  enHHCTBeHHOM Y’iaCTKe 3ananHblX CKafllKTblX 
TOP C DaHHbIMH ,ZlflWTenbHOrO CpOKa H LURPOKOrO 
CneKTpa, yKa3blBakOT Ha nOTpe6HOCTb o 6 m ~ p ~ o r o  

3ananHOfi ’IICTH COenWHeHHbIX UTaTOB.  
reorpa+Hrecroro ocBemeHm XHMHH ocanKoB B 
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