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Abst ract

The know edge of snow chenical characteristics is of interest to nmany
sciences. The acidity of snow water can explain the dissolution of

cal careous rocks and soils and snow can carry chemical elenments to

soils on which it falls. A conbination of these factors is inportant
for plant production.

Acidity of snow waters found in Woni ng's nountai nous areas are conpared
to results of nmeasurenents made by the Author in the French Alps in 1964
The study is based on observations nade in Woning from Decenber, 1965,

to May, 1966. Charts and tabular results are presented and di scussed.



| NTRODUCTI ON

Snow wat er acidity has been the subject of other articles. This author's
pur pose was to continue research started in the French Alps in 1964, to conpare
the earlier results with those he found in Woning's nountai nous areas, and to
i nvestigate the evolution of the phenonenon.

Appreciation is expressed for the assistance of the Natural Resources
Research Institute, the Water Resources Research Institute, the Won ng Depart-
ment of Agriculture, and those persons who nade it possible for the author to
attend the Sixth Yell owstone Field Expedition in January, 1966. Sonme of the
equi prent used in the course of carrying out the work was supplied by the
WAt er Resources Research Institute and was purchased with funds nmade avail -
able by the Ofice of Water Resources Research, U. S. Departnent of the
Interior, under Public Law 88-379

bservati ons were made from Decenber, 1965, to May, 1966, in the Medicine
Bow Mountains, in Yellowstone Park at Od Faithful, and in the Laranie area
at altitudes rangi ng between 7,000 and 12,000 feet (2,100 m to 3,600 m).

The author applied the same nmet hods of observation he used earlier in
the Alps. A portable pH neter was enpl oyed after it was standardi zed agai nst
a buffer of known pH before each set of neasurenents. Sanples were nelted
at the sites where taken in Pyrex beakers to elimnate contact with outside
materials. The procedure permts vital on-the-spot readings. Since water
pHs change easily, |aboratory neasurenents after transportation are of little
interest. (pHis the negative logarithm (base 10) of the hydrogen-ion concen-
tration. A pH bel ow seven indicates the solution is acidic. pH values above
seven indicate an al kaline condition).

For some sampl es, conplete chemical anal yses were made by the State
Chemist. For others, conductivity, total hardness, cal cium hardness, and
total iron were the only determ nati ons and were nmade by the author

Figure 1 indicates the snow water was acid with pH val ues ranging from
4.5 to 7.5, grouped mainly around 5.5. This may be related to a bal ance
bet ween the carbon di oxi de content of the atnobsphere and that of the water.

The author attenpted to establish relationshi ps between pH variations

and other factors. Results of the attenpts are presented on Figures 2 to 5.
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Figure 2 shows a rel ationship between pH and tenperature wherein the
general trend appears to be an increase in pH following an increase in
maxi mum tenperature with the progression of tine. The sharp decreases in
pH in md-May mght be caused by the sudden drop in air tenperature which
occurred concurrently.

Figure 3 shows the pH associated with snow types. A decrease in pH
bet ween fresh and powder snow values is followed by a gradual pH increase
as the snowis transforned into |arge crystals, then into wet snow. This
may be caused by:

1.) Wnd effect: Meltwater obtained frommany wi nd crusts was often

turbid and showed high pH values. This may result fromthe dust and

debris deposited by wind action as varved | ayers. These were obvi ous
in freshly cut pits. Mltwater fromthese dirty |ayers exhibited

pHs around neutrality.

2.) Natural melting: Wt snows usually found during spring, are old

snows whi ch have been subjected to dust pollution for a long tineg,

whi ch may explain the high pH val ues recorded. Al so percolating nelt

water carries the various chem cal elements through the snow mass which

has a uni form pH

3.) Altitude: Figure 4 shows the relationship of pH values with the

variation in altitude from 7,000 to 12,000 feet. An increase in pH

val ues may be associated with the wet snows and dirty |ayers nore
commonly found at | ower el evations.

The shelter effect of trees may also be of significant inportance, as
i ndi cated on Libby Flats where pHs were considerably | ower under forest
cover than in open areas subject to wind action

The concl usion of the author is that there is a general trend of
increasing pHwith age of snow. O der snows are usually closer to neutra

and new snows are nore acid because of their purity.

CHEM CAL COMPCSI TI ON
Conpl ete chem cal anal yses for sone of the sanples taken are shown on
Table A.  The value of the dissolved solid contents nmay be seen to range

++
between 4 and 22 parts per million. Some substances such as calcium(Ca ),
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nagnesiun1(Ng++), iron (Fe+), car bonat e (CDg_-), and nitrate (hD3_-) wer e
al nost al ways absent. Potassiunm(K+) and sodiun1(hb+) were the nost fre-
quently represented cations. The nbst common ani ons were bi carbonate
(HCCB_), sul phat e (SCM__), and cloride (d _). This is the type snow to be
expected in continental areas far removed fromoceans and is simlar to

the chemnical conposition of snow in Transbai kalia (steppe and nmountain

taiga) (10). In regions closer to the sea, precipitation conposition nmay
be expected to show a distribution with nore C " and scu" and nore Na+
and Ca++

Sel ected ions are plotted in relation to pHon Figure 5. |t appears

that the | owest chenical contents are associated with sanples showi ng a pH
around 5.5. It is interesting to note that a pH of 5.5 is considered to

be the neutral point of atmospheric water (3).

CONCLUSI ON

The results of snow nmelt studies conducted in Wom ng generally confirm
those obtained by the author froma study nade in the Alps in 1964. A
comparison of the results would indicate that the mean val ues of pH obtai ned
fromsnowrelt studies in Womnming are generally slightly higher than those
obtained in the Al ps even though the range of values is the sane. The
difference in average wind velocity and the percentage of vegetation cover

may be a factor in the variation in nean pH
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TABLE A CHEM CAL COWPCSI TI ON
++ ++ + + ++ - -- - - - - .
pH |C | d.s|t.hfCa | My Na K |Fe |CO3 |HCO3 |SO4 d NO3 | Altitude

1 5.8 91 4 | 5 0 0 1.0/0.5| 0.0| O 6 0.0 |0.0 (0.0 2200m
2 5.5 4| 6 | - 0 0 1.0/0.8| 0.0| O 1.2 4.8 {0.4 0.0 2830m
3| 4.7 | - - - - - - - 0.0 - - - - - 2970m
4 | 5.5 7| - - - - - - - - - - - - 2830m
5| 4.7 (48] 16 2 0 0 0.0(5.0| - 0 2.0 1.0 (4.0 (0.0 3240m
6 5.4 | 4| - 0 0 0 - - 0.0 - - - - - 2830m
7 5.1 5 6 | - 0 0 1.3|0.4| 0.0| O 2.4 0.0 |12.1 0.0 2830m
8 5.5 | 4| - 0 0 0 - - 0.0 - - - - - 2830m
9 6.1 | 3| 4]0 0 0 0.5(0.4| - 0 3.1 0.0 |0.0 |0.0 2970m
10| 6.0 | 3| - 0 0 0 - - 0.0 - - - - - 2830m
11| 6.6 |12 - 2 0 0 - - 0.0 - - - - - 3250m
12| 6.7 9| - 1 0 0 - - 0.0 - - - - - 2200m
13| 6.7 |36 - |15 15 0 - - tr - - - - - 2130m
14| 6.1 6| - 1 1 0 - - 0.0 - - - - - 2830m
15| 6.3 |20| 16 1 1 0 1.0/4.0| 0.2| O 2.0 5.0 |3.0 0.0 2220m
16| 6.9 |98 22 | O 0 1 2.0(2. 4| tr.| O 7.0 3.0 |4.0 |0.6 2220m
17| 6.9 |24 14 | O 0 0 2.0(1.3[ 0.0 O 7.0 0.0 |2.0 | 1.1 2220m
Types of snow - 1, 2, 3, and 4 = FRESH

- 5 and 6 = PONDER

- 7 and 8 = LARGE CRYSTALS

- 9, 10, and 11 = VET

- 12, 13, and 14 = WND CRUST

- 15 and 16 = DI RTY

- 17(Yel | onst one) = ARTI FI Cl AL SNOWFALL seeded with silver iodide

Dat e:

Co
Di

a0
=7

To

Sanpl es taken in Decemnber

in Janurary
in February

nductivity in mcromhos
ssol ved solids in ppm
hardness in ppm

t al

=1 in March
= 15, 16, 17
=5 in May

Al the other data are in parts per mllion (ppm

6, 7, 8, 10, 11, 12,

14
4, 9
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