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Acid Deposition 
and Lake 
Susceptibility in 
the Washington 
Cascades 

Introduc t ion 
Acid rain has become one of 

the prominent environmental 
concerns of recent years. First 
described in England over 100 
years ago, observations of this 
phenomena are now common 
down wind from sources where 
fossil fuels are consumed, where 
sulfur containing ores are smelted, 
or where natural sulfur containing 
materials are in contact with the 
atmosphere (volcanoes, etc .). 

Sulfur and nitrogen oxides, 
and in some cases hydrogen 
chloride and hydrogen fluoride, are 
the principal acid forming 
compounds injected into the 
atmosphere by man. They may be 
transported hundreds of miles from 
their sources by air currents before 
deposition as aerosols, absorbed 
matter on particulates, or in 
aqueous solutions. Acid deposition 
is the collective name for the 
phenomena described above. It 
causes undesirable effects ranging 
from reactions leading to corrosion 
of materials through the 
accumu lation of such compounds 
in surface waters with resu ltant 
toxic effects on the life in those 
waters . 

The Cascade mountain range 
extends north-south through the 
state of Washington with the crest 
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Robin Lake in Alpine Lakes W ilderness area . 

generally lying east and downwind 
of Puget Sound urban centers . 
Moist Pacific marine air sweeps 
from the west over the coastal and 
urban Puget Sound area then over 
the Cascades. There is heavy 
precipitation in the mountains 
between the fall and the spring . 
Normally more than 65% of the 
precipitation wi ll accumulate as 
snowpack, as much as 400 in. 
above 4,000 ft. The quantity of 
precipitation generally increases as 
elevation rises up to the Cascade 
crest from the west side, then 
decreases proportionately w ith 
loweri ng elevation on the east 
side. 

Central Washington University 
studies (1978-Logan and 
1981 -Derby) indicated that the 
precipitation falling on the 
Cascades in the Snoqualmie Pass 
region (Fig. 1) contains strong acid 
pollutants. The yearly volume 
weighted average pH of deposition 
falling in the Snoqualmie pass 
region of the crest was estimated 
to be 4. 7 for 1981. For reference, 
dust free precipitation that has not 
been contaminated with strong 
acid would show a pH of about 
5.6. Since the quantity of 
precipitation general ly increases 
w ith elevation in the Cascades, the 

higher elevations are impacted 
with appreciable quantities of 
strong acid and su lfate in a 
season . Approximately 46 milli
equ iva lent H + /m2-yr., and 15.8 
Kg SO/ ha .-yr . are deposited at 
the 4,000 ft. level. 

In other regions of the world 
lake acidification has been 
observed where precipitation pH 
falls below 4.6 and where sulfate 
deposition exceeds 15 
Kg-SO/ha.-yr. There is concern 
that the alpine waters of the 
Washington Cascades might be or 
might have been affected by 
su bstantial acid deposition levels. 
The effects on lakes would depend 
on the extent of fall out from 
urban plumes, precipitation levels, 
land uses, and the sensitivity of 
strata. Those factors vary among 
locations along the crest of the 
Cascades. There was, until 
recently, insufficient data avai lable 
to comment on either the quantity 
of acid fall ing on the Cascades or 
the effects, if any, of the 
deposition on receptors of the 
area. 

In 1980 Central Washington 
University faculty and students 
initiated a program to identify the 
status of the alpine waters of the 
state with respect to acidification 
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or potentia l acidification . To 
achieve this goal we proposed 
sampling and studying 

Figure 1. Location of Lakes and Precipitation Collectors. 

fepresentative waters from each 
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region of the state (Fig. 1 l. 
During the summer of 1980 

nine lakes in the A lpine Lakes 
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Legend: 
1. Cutthroat L. 

2. L. Ann 

3. Rainy L. 

4, Blue L. 

5. Bench L. 

6. Wh11e Rock L. 

7. Holden L. 

8. Hart L. 

9. Image L. 

10. Lyman L. 

11 Oval L. 

12. Star L. 

13. Surprise L. 

14. Cub L. 

15. Crater L. 

16. Eagle L. 

17 . Boiling L. 

18. Martin L. 

19. Cooney L. 

20 . Sunrise L. 

21 . Topl. 

22. Pear L. 

23. Peach L. 

24. Heather L. 

25. Glasses L. 

26. Saucer L. 

27 . Cup L. 

28. Grouse L. 

29. L. Janus 

30. L. Valhalla 

31 . Lichtenwasser L. 

32 . Trout L. 

33. Copper L. 

34. Little Heart L. 

35. Big Heart L. 

36. Angeline L. 

37 . L. Dorothy 

to cwu 38. Bear L 

41. Marmot L 

42 . Jade L 

43. Tuck L. 

44. Robin Lakes 

45. Hyas L. 

46 . Peggys Pond 

47. Deep L. 

48. Venus L. 

49. Spade L. 

50. L Ivanhoe 

51. L. Hester 

52 . Waptus L 

53 Escondido L. 

54. No Name 

55. Pete L. 

56. Glacier L 

57 . Spectacle L. 

58. Park L 

59 . L. Park 

60. Gem L. 

61 . L. Kaleetan 

62 . Snow L. 

63 Melakwa L. 

64. Pratt L. 

65. L. T uscohatch1e 

66 . Rampart L. 

67 . Rachel L 

68. L. Lillian 

69. Cooper L. 

Precipitat ion 
Collectors 

Cl81) = 1981 
Ci84I = 1984 
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