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Fate and Origin of Major Tons in River Water in the Lhasa River Basm T}bet

ZHANG Qing-hua'?, SUN Ping-an®, HE Shi-yi®¥; WEN Hua’, LIU Ming- long YU Shi** ' -t

(1. College of Env1ronmentdl Science and Engmeermg, Guilin University of Technolggy’, Guilin 541004 China; 2. Key La bordtory of
Karst Dynamics, Ministry of Land and Resoyrces/ Guang)u nstitute of Karst Geology, Chinese Academy of Geological g(lences

Guilin 541004, Chlﬂd 3. Lhasa Hydrologic Experiment St.atlon-' Lhasa 851400, Chma) . o r

Abstract In Or.der tol understand the temporal” and spd'fla],.-ﬂ\'fanatlons of major ions in water and their & irces in the Lhasa Rlver Bas’m 2

o

watéF 'samples wére Gollected monthly at the hyﬂrologlcal statlon in the Lhasa River from August 2014 to July. The fesults show that
HCO; iis the dofninant/anion in the water of the Lhdsa Riverj “which accounts for 68. 73’;0 of the anibns, followed by SO; . *Ca’* 15 the
dominant cation, which accounts for 67. 79% of the (,dtﬂ!)ns followed by Mg** . [The; pH yvalues of the river water range between’ 8 31
ahd 8. 90, ‘with a'méén of 8. 59 throughout the year, generally showing alkaline water. The highest pH yalues occur in summer, which
is probably due to; the photosynthesis of aquatie planlsl,..and_ﬂre gmwlh of phytoplankton. Electrical (onductlvny (EC) varies between
155. 0 and;257. 0 MS cm ™', with a mean of 210. 5 wS-em="* ‘Ee( ~ause of the frequent uplift of the Tibetan Plateau that enhanced the
mechanical weathering of rocks and mineral dissolution, the total dissolved solid ( TDS) concentration, at an average of 181.35
mg- LY} is significantly higher than the average value of rivers around the world. The Lhasa River is recharged by surface runoff, so

the concentrations of major ions in water are higher during winter, but lower in summer. An ion source analysis indicates that Ca”"

s

Mg’ * , and HCO; are mainly derived from chemical weathering of carbonate minerals, Cl1~, SO2~, and NO; are mainly affected by
precipitation and rock weathering. Furthermore, the concentrations of major ions in the water have a negative correlation with the river
discharge rate, which suggests there might be a dilution effect occurring during the rainy season.

Key words : Lhasa River; hydrochemistry; carbonate weathering; ion source; Tibet
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Table 1 Hydrochemical indicators of waters from the Lhasa River Basin
2014-08-03 13.9 8.8  5.41 1550 23.64 78.32 2.11 0.82 3.62 20.75 0.80 0.12 0.93 3.87 1420 -4.01
2014-08-18 11.9 8.7  5.06 1560 - - - - — - - = = — —
2014-09-02 14.2 8.6 4.96 176.0  24.47 74.76 2.83 0.79 4.81 29.60 1.35 0.13 1.24 3.77 664 -3.60
2014-09-17 12.3 8.7  4.94 7o - - - - - — — — — = — —
2014-10-03 10.9 8.6  4.41 193.5  27.87 89.00 3.70 0.88 5.42 29.60 1.58 0.13 1.75 4.28 297 3.95
2014-10-18 8.0 8.7  4.78 201.5 - - = = = = = = = = — —
2014-11-04 9.3 8.6  4.43 206.8  29.82 92.81 4.75 0.97 5.77 29.64 3.27 0.14 271 6.76 128 -4.21
2014-11-18 5.7 8.6  3.49 213.5 - - = = = - - = = — —
2014-12-03 5.7 8.4 3.50 237.7  33.29 111.30 6.49 1.19 6.48 29.64 3.45 0.14 3.68 6.76 71.3 -4.13
2014-12-19 1.8 8.4  3.23 240.2  33.22 111.31 7.05 1.34 6.50 30.28 3.82 0.15 3.91 7.69  —  -4.09
2015-01-04 3.8 8.5  3.75 244.6  33.72 107.50 7.14 1.33 6.54 29.92 3.80 0.18 3.99 6.28 70.3 -4.33
2015-01-18 3.2 8.5  3.66 250.8  33.98 111.30 7.66 1.42 6.80 30.72 3.81 0.18 4.46 6.58 —  -4.21
2015-02-02 3.9 8.6  3.82 257.0  35.44 111.30 7.81 1.46 6.95 31.23 3.89 0.18 4.75 7.13 71 =414
2015-02-18 4.9 8.7  3.81 256.1 3531 111.30 8.46 1.57 7.11 31.79 3.82 (0,18 526 7.54° — | £3.99
2015-03-03 4.0 8.7  3.88 217.8  30.55 94.60 5.16 1.01 5.66 28.00 3.39 0.18 2.75 6.24 ’7@.- ~4.49
2015-03-18 8.8 8.6  3.67 2225 30.92 9995 5.44 1.04 5.67 27.83 u§.4'5 0.1912.93  6.76 »— # =4.55
2015-04-03 7.9 8.4  3.80 2225 30,64 99.95 5.39 1.03 589 28/11'3.38 0.13 2.98 6.50 886 —..4.39
2015-04-18 9.6 8.3..  3.91 230.7.“‘ 31.47"101 70_.5.86 1.11 5.96 27.99 346J 0.14 320 7.17 = 434
2015-05-03 11.2.8'.".4 | 4.50 233.8 '3,1.78, 103,,50 59 1.07 5.9 '28 15 3,44 014" 329 660 130 1404
2015-5-18 13.,,--'4: 8.5 I 4.89 238.1 W32 2zyro7,.ar0 6.37 1.18 6.22 287,.84 37-43 14356 6.70 — _‘,.—4':1'7':;,.
2015406-03 16:-‘7E--$.7“" 5.19 25104 “"33_.71 1056057769 1.50 6.62 .26'.9 3,48 0414 4.83  6.07 270 54 1‘5“
2015;06:18 15,9 8.5~ 5.08 193.1 | 26/88 80.6 0 491 105 52249 333 014 291 495  — =4:19
2015-07{03; 13.6 88  5.23 162,10 J24 5147620 4.68 11.23 5.39 22.83 343 0.18 241 450 520 3.39
201!07 fs| 15. 9 8.7  J501 167.0 29. 82.484.70~4.8571.19 5.43 23.25 3.09 0.16 2.30 4.93 —  -4.02
A RACRW AR, B BT 50 gL et
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181.35 mg-L™", JE&BRI I V-{H 65 mg- L~ 1YL

35 BB TR S EIRIE (TZT =Na® +K* +
Mg** +2Ca™ ") USEIIME N 2. 28 meq-L~", f7 T i

F61 4K (TZ 0.3 ~10 meq-L™") (14345 1 il
Py R BURKCERIE (TZ Y =1.25 meq-L™") 1
18 £ HFAE TR S B E (T2 = HCO; +
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Table 2 Relative standard deviations of monthly variations of the major ions in the Lhasa River Basin from August 2014 to July 2015
i A5 R %
Ca®* Mg?* Na* K* HCO; Si0, NO; Cl- F- i i
1 9.53 13.12 24.23 12.51 10.71 9.02 30. 04 28.12 5.78 28.03
2 9.36 12.57 22.67 11.34 10. 52 8.97 30. 13 25.98 5.78 59.93
3 9.38 12. 07 22.26 11.25 10. 17 8.75 29.95 25.14 5.39 33.99
4 9.12 12.03 20. 49 9.99 10. 17 8.52 27.05 23. 66 4.49 31.91
5 8.99 11.96 20.23 10. 06 9.79 8.34 27.19 23.18 4.49 58.94
6 8.92 11.49 18. 86 9.42 9.79 8.44 27.12 20.74 4.49 66. 09
7 8.55 11.25 18.49 9.17 10. 14 8.22 26.57 19. 47 4.26 60. 51
8 8.58 10.99 17.07 8.53 9.79 8.08 27.05 17.59 4.49 53.75
9 8.99 11.81 18.78 8.92 9.79 7.94 29.70 19. 15 4.49 49.17
10 11.27 14.98 29.42 12.75 10. 32 8.51 31.03 31.79 5.06 30. 62
11 12.36 14.51 30. 86 10. 88 13.52 10. 13 30. 13 38.38 5.06 47.39
12 11.49 14. 40 29.97 11.25 14. 30 11.06 33.44 40.22 5.06 76.54
HH 9.71 12. 60 22.78 10. 51 10.75 8.10 29.12 26. 12 4.90 49.74
10 000 E o 10000 —
4 Wit =T i
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DAL B3Pt = ), TR 3 0 o

FF53 A BT 4 TDS /- T 134. 98 ~212. 35 mg- b=
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Fig. 3 "Gibbs chart of river water in the Lhasa River Basin
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Fig. 4 Triangle diagrams showing cation and anion composition in the water from the Lhasa River Basin
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Table 3  Partial correlation matrix of ions concentrations in waters in the Lhasa River Basin
K* Na* Ca®* Mg?* HCO5 S03- F- NO; cl- Si0,
K* 1
Na* 0.814* 1
Ca* 0.599 * 0.925* 1
Mg 0.832"  0.936"  0.850* 1
HCO; 0. 530 0.873 0.960 ™  0.765* 1
S0%- 0.329 0.707  0.846**  0.763™  0.754* 1
F- 0.927*  0.697* 0. 457 0.762**  0.330 0.291 1
NO; 0.810™  0.898*  0.770™  0.897**  0.720* 0. 541 0.702 " 1
cl- 0.834"  0.982**  0.920™  0.928**  0.837* 0.702*  0.742*  0.873* 1
Si0, 0. 624 * 0.842" 0. 886 * 0.793 * 0.865* 0. 662 * 0.424 0.871* 0.832* 1

1) 5 P<0.05, * * 35 P <0.01
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