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CHEMI CA L CO~~ OSITION OF SNOW ON THE WATER SURFACE OF THE KAMA AND VOTKINSK
RESERVOIRS

~ovocherkassk GIDRO~GiIMICHESKIYE MA TERIALY in Russian Vol 39 1965 pp 1—7

[Article by N. A. Pecherkin and E. A. Burmatova, Perm ’ State University imeni
A. ~~~. Gor ’kiy , Laboratory for Water Management Problems ]

[Text] Investigating the chemical composition of atmospheric preoipitation
is part of aerohydrochemjcaJ. geography , a discipline that is still poorly
covered in Permskaya Oblast. The first work in this discipline was done by
Professor G. A. Maksimovjch in 19b5 Li] . Sample analysis showed that the
mineralization of precipitation depends on the site of precipitation , increase
in the mineralization of snow with the time the snow is on the surface and the
effect of residential and industrial atmospheric pollution on the chemical com-
position of snow. A fuller study of the chemical composition of snow was done
by Maksirnovich in l9~7 and 195k . From these data, snow mineralization varies
in the range of 56—150 mg/liter [2]. Moreover , in 1955—1958 an analysis was
made of sample of rainwater and snow collected on the university grounds in
the city of Perm’, near the hamlet of Froly , the village of Chastyye and the
village of Ust’—Kishert ’ [3].

This article reports findings from an irivestL-ation of snow on the water sur-
face of the Karia and Votkinsk reservoir, conducted by the authors in the winter
of 1961—1963. The chemical composition of the sample was determined by the
technique of Ye. S. Burkser , ~T. Ye. Fedorova and B. B. ayti.3 ~~

] .

As we know , the chemical composition and degree of mineralization of atn;c—
spheric preci~ itation depend on a complex of physico o~r ran:~ic fact~ rs. A
key role is played by the time of the year and the nature and amoun t ~‘f ~r~-
oi~ itatiori. The rrcceiln - weather and wind direction , along- w i t h  i n d w ~t r i - s . .
air pollution are very important. ~1in-~ra~ization of rainwater an~ or.ow wat
varies w ith  time . After long iry sDells , this mineralization reacne~ a
m u m  and after the next precipitation , it diminishes {3,5—i1 .

Some of these principles arc closely corroborated by our investi a i ons. ~~~
-

illustrate: near the cit y of ~Khansk dailj snow falls w~re obs~ r’ze~ in
~;C ~r .ow ~~~~~~~ athered on ~3 

.T .~~ shove l rj j : h t  m in ’~ ii:~i~ i c~n— —
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l2.i~—l8.5 mg/liter; the content of hyd.rocarbonate ions was 6.1 mg/liter,
sulfate ions—3 .O—14.O mg/liter , Na + K~—— 1.9—~ .l mg/liter and NH~

__l .14_l.5
mg/liter. Snow samples collected at the end of January were free of chloride ,
nitrite and nitrate ions , and calcium and magnesium ions——the result of the
purifying action of snow on air (Table 1).

Table 1. Chemical Composition of Snow on the Water Surface of the
Votkinsk Reservoir on the Left Bank near the City of

Okhansk (Winter of 1961—1962),
mg/liter

( 1) Cast J pH HCO3J 

~°~I 
CI’ f N0

31 
NO~ Cs M(_IN. ÷K.I NH41 ~( 3

~~ 
— L~A ’ 1~) ( 1ij’(~~) I~)

.ezei~ nug~jg 5.5 6.1 3.0 HET NeT RET J HEY NeT 1.9 1. 12.4 HCO1—S04 —Na
(5) J1e~~aar,i~ . . . 6.4 4.9 4.0 6.S NET NeT I 4.4 0.7 1.7 HeT 22.5 CI—HCO 3—Ca
( 6 )  Ciapsia . . . . 5.4 12.2 4.0 I0.~ 3.4 O.15J 4.0 iie? 9.6 0.40 44.4 HCO r—CI—Na

L~ ) ( i 4~l (
~~~ ) ( 1~

Key:
1. Snow ~4 . none
2. Hydrochemical facies 5. Long—lain
3. Newly fallen 6. Old

Observations showed that freshly Fallen snow in the Votkinsk Reservoir zone
(~~~~~ 

= 12.0—18.0 mg/liter) is much “cleaner” than fresh snow fallen on Perm ’
(~~~~~~, 

= 1Oii~ 130 mg/liter) [2]. With time , the structure of the snow on the
water surface of the reservoir changes. Snow becomes more compact and its
specific weight increases. Also changinr is the chemical composition of the
snow water ; its mineralization increases to 2’_22 mg/liter (Table 1). In the
February samples of long—lain snow (city of Okhan3k) were found chloride ions
(6.7 mg/liter), calcium ions (2.I~—1~.L~ m~i’liter) and maonesium ions (0 . 14—’J . T’
mg/liter); there was more sulfate ion (b—8 mg/liter) and L~ss Na~ + K ( 1.~~_
—3.6  mg/liter); ammonia ions disappeared. Lon n_lain snow later nas~ e-i into
the stage of old , firmified sncw [12]. The snow cover ~raduaJJ y o n r ictel
and its mineralizat ion decreased from ~~~~~~~~~~~~ m - , ’i~~:~~~; toe nH of ~o~~~ ncw
water was reduced from 6.!4_ 6.3 to ~~~~~~~~ In the chemical coricc~ iticn of .ol~l
snow the content of hyth-ocarbonate ions doubled compared with newly fallen snow.
The content of chlorides and sodium increa:~ed; ~O!~ ani Ne-. ions arrearei__ a
consequence of local pollution . Thus , with time r.~~ crem i~ a]. r~r o s it i o n of
snow did not remain constant .

The -~eograrhic location and the  ~eo1~~~ical .~c f l 1 i t l )ns o f  ‘h.  ni~~rcr . i -~~cn in
which th e samples were collecc~ d -tr ’~ ‘r ~ ry Hir~ rtan t in hy 1r’-~ h.-~n~ ‘ i i
of snow . For ex~~ ple , near tn~ Chuso v sk iy  b~y .~f ~~~~~ ~~~~~~~~~ ~~~~rv’ir . ni~ n
steep banks are made of --y~~uin and t n ny I r i t e s . Tn ~~~~ ~~~~~~~~~~~~~~~~~~~~~ w1ni
to the weathering , rocks broke and .~~.t t i i ,i a.~ j u  , r . ~~:l. . n I w ’ v . .r .

iii I nn m n -nrmnm - rn i— I 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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The result was that snow was enriched with sulfates and carbonates of
calcium and. magnesium. For example, the mineralization of snow in the Kuli-
kovo—Zaozer ’ye open pit changed over wide limits (Table 2). Most mineralized
was the snow sample collected 100 in From outeroppings of ~rpsum and. anhydrite
on the right bank near the hamlet of Kulikovo—Zaozer ’ye (814.7 mg/liter). :n
a direction toward the left bank formed of alluvial deposits [13], mineraliza-
tion of snow gradually decreased, reaching 214.1 mg/liter. Likewise, the sul-
fate content in the left bank fell by 17 times——from 32.7 to 1.9 mg/liter.
There were rio calcium and magnesium ions here. The absence of nitrites arid
nitrates was typical of all- samples in the open pit. The maximum content of
S0j ions in the composition of the snow was noted also near the right bank of
the Chusovskiy pool near the village of Syola (37.0 mg/liter), 143 percent of
the total snow mineralization. Chloride , nitrate and nitrite pollution of
snow is absent here. Thus, the sulfates in snow on the water surface of the
Chusovskiy pool was caused by weathering of rock making up the reservoir bank.

Table 2. Chemical Composition and Mineralization of Snow on the
Water Surface of the Kama Reservoir , Kulikovo—Zaozer ’ye

Open Pit, on 23 Dec 61, mg/liter

1 B I 5O M O r Aeuoro 1 8 500 a o? ,le.oro 8 5 C O M O ~~np&.OFO 
~Ms. apo6 

1 (2) °~~~~‘ r ~~~
) 6ep.rs ( 14) 6epera 5)  6eper.

(6 \06~~ 1 wiwepw-
uuH’. ~r(~ . . 24.1 29.9 55.4 84.7

(7 )rupoxn~. e e ~a.$aw s 111 . . . HCO~—Na--.C( HCO,—Na—S04 IiCO3—S04—Na S04—HCO2--Na

Key:
1. Sampling site 5. 150 m from right bank
2. 150 m from left ban k 6. Total mineralization, mg/Liter
3. 500 m from left bank 7. Hydrochemical facies Li]
14. 500 m from right bank

The high S0~ concentration in the vicinity of large population centers and

industrial sites ~as caused by human activity . The higher content of sulfates
(12.DO—29.140 mg/liter) was observed in the cities of Solikamsk , Thermo:, Po—
lazna, Perm ’ and others (Table 3). Here the sources of SO~’ ions ‘.~n te r ino  the

atmosphere are mainly industrial oases (SO 2
) formed during the combustion of

coal. Atmospheric pollution also occurs during the deflation of weathering
products of solid wastes of the ore recovery industry collected in tai1in~
lumps and waste piles . The result is that air becomes considerably en~ iched
with Cl’, ~a and K~ ions. Intensive pollution with chlorides , sodium in- i
potassium was noted also in the microrayon of the Solika.msk Potassium ~ombirie .

1 3~~ m1~/liter mineralization -~f snow , the Ci’ icr. ccnt -~nt wac 1T~ .
n~:/iiter ~~~~ 

r-~-~r cent  of total nineraiizatior. ) an~ th~’ ~anc~ ntration :f ~~.li

.-

~

. -. -- 
— ----- - --— --— -- -

~~~~
- -  - .-~~ — ----



and potassium was 814.7 mg/liter (214 .5 percent). Least mineralized was snow
in the central part of the K ama Reservoir. Snow mineralization was only 5 .5
mg/liter in the middle of the Visim—Chermoz profile , where the reservoir was
10—li ~~ wide and no industrial enterprises were nearby .

By the combustion of natural gas and gaseous petroleum products , snow near the
city of Polazna contained 5.5 mg N}I~’/liter and 1.7 mg N0~/liter , with a mineral-
ization of 51 mg/liter. However , 14~ km west of the city of Polazna the mineral-
ization of snow was halved. Snow collected in several inhabited localities and
near the roads was marked by significant nitrate and residential pollution
(city of Chermoz, hamlet of Belyayevka and vicinity of Popovka River).

Snow on the water surface of the Votkinsk Reservoir contains less salt that the
Kama Reservoir , owing to the Votinsk Reservoir’s greater distance from large
industrial sites.

From these data we see that snow mineralization on the territory studied varied
from 5.5 to 3014 mg per liter of snow water. The average value of total snow
mineralization , calculated from the data in Table 3, is about 147 mg/liter;
this coincides with the mean mineralization for the USSR——146.~ 2 mg/liter , ac-
cording to G. A. Maksimovich [2].

Observations made during 1961—1962 on the Kama and Votkinsk reservoirs made
possible a rough calculation of the amount of salts arriving on their water
surface. The reservoirs were divided into characteristic regions , for which
the arithmetic mean amounts of solid deposits and precipitating salts were
found. As a result, from November to March 13,000 tons of various salts fell
on the area of the Kaina Reservoir (1735 km2) arid about 7000 tons on the water
surface of the Votkinsk Reservoir (reservoir area 1120 km2). Durin~z this same
period 145,000 tons of salt fell within the city of Solikarnsk.

Conclusions

1. Significant inhomogeneity of the chemical composition of snow was found
in the vicinity of the Kaina and Votkinsk reservoirs . For example , minimum
snow mineralization (5.5 mg/liter) was observed in the central part of the
water surface of the Kama Reservoir , at a point furthest removed from indus-
trial enterprises ; maximum mineralization (3014 mg/liter ) was recorded in the
city of Solikamsk near the potassium combine.

2. The presence in snow samples collected on the territory surveyed of the
ions Cl’ , Na + ~~~~~ , N~~~, N0~ , N0~ and 3O~’ is si~~ ifi cantly linki~d to human

activity . In some cases increased S0~ content can be associated with t he
geological structure of the banks.

3. The chemical composition of snow varied with time in t:~e same
site.
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Key [to Table 3 on preceding page J :

1. Number
2. Sampling s i te
3. Dat e
14. Oxidizability , mg 0/liter
5. Hydrochemical facies
6. Vicinity of Kama Reservoir
7. Northeast outskirts of the city of 3olikamsk
8. Solikamsk Potassium Combine
9. 30 in from the right bank of the Kama River , near

the mouth of the Popovka River
10. 200 m from the left bank, on the Visim—Che rrn oz profi le
11. 14 km from the left bank , alon~ the Visim—Cherinoz profile
12. Vicinity of city of Chermoz
13. Vicinity of city of Polaz.na
114. 1400 m from the right bank , opposi te the c ity  of Polazna
15. Right bank of the Kama River; vicinity of the city of

Okhansk
16. none
17. Vicinity of Votkinsk Reservoir
18. 100 in from the left bank, opposite the pl~~ood combine
19. ~~ in from the left bank, near the village of Novo—Il’inokiy
20. 50 in from the right bank, near the ham..et of Kazanka
21. 100 in from the right bank , near the hamlet of Relyaye vk3

14. In the winter period (September—March) 13,000 tons of salt~~fel1 on the
water surface of the Kaina Reservoir , that is , 7.146 Zons per hot. In the city
of Solikamsk, 145 tons of salt was deposited on 1 krn~ , of which Cl’ and ~a +
accounted for 37 tons.
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