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Abstract: A total of 90 precipitation samples were collected from individual precipitation events at the Qilian Alpine Ecology &
Hydrology Research Station ( Hulugou Station, 30°47'N, 90°58'E; 3260 m a. s. 1) located in the central Qilian Mountains from
August 2012 to November 2013. All samples were analyzed for major cations (Na*, K*, Ca>* and Mg’* ), anions (Cl~, NO; and
SO:") and conductivity. Precipitation EC values ranged from 2. 26 to 482 pS-cm ™" with an average value of 41.9 pS-cm™'. The
precipitation was of SO;~-Mg>* -Ca’* type, which contributed >70% to the total ionic concentration. The same as the precipitation
alkalinity, precipitation events occurred around summer showed lower concentrations, while it had higher concentrations in winter and
spring with little precipitation and larger wind speed. Enrichment factor (EF), correlation and factor analysis indicated that regional
crustal aerosols and species from central Asian and northwestern China arid regions brought by the westerly circulation were the major
sources for these ions, some dust from human pollution were the secondary sources, and the contribution of sea salt was the least due to
the long distance transport. These characteristics could be also confirmed by the correlation between ionic concentrations and
metrological data in the study region. It is also interesting that the precipitation chemistry was different under the different atmospheric
circulation ; the monsoon precipitation, the interaction precipitation events (influenced both by monsoon and westerly) and the westerly
precipitation.

Key words : precipitation; chemical; atmospheric circulation; source; Qilian Mountain
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Table 1 ~ Major ion concentrations and conductivity( EC) at the central Qilian Mountains compared with other sites

HBIX EC Cl- NOy S0%- Na* K* Mg** Ca®*
B 1L B 2 (ARTFY) 41.9 42 27.9 67.3 32.1 13.3 44.4 191.7
ERF I (AFI) 10.3 1.96 4.0 28.3 3.72 2.46 5.68 37.7
T T g 2] 19.7 19.2 10 15.5 18.1 14.5 7.43 301
fir 22 21.7 2 2.5 89 14.8 5.72 150
Brazill!) 10.8 13.8 4 23.1 15.1 5.81 8. 85 21.5
PRI 3L.3 0.52 0.4 1.9 0.98 0.16 3.42 16.3
05 14.6 6.1 8.3 24 8.7 3.8 12. 1 34
Okinawa!7! 34.8 188 14 25.8 180 10.6 37.4 22.2
Ru. India®’ 15.8 7.6 19.7 11.9 9. 66 11.5 39.8
Jordan[?] 160 80. 6 35.7 53.2 75.6 26.3 62.3 163.1
Turkey!'*) 28.1 20. 4 29.2 48 15.6 9.8 9.3 71. 4
B 1L 7R B L gkua 1] 87.6 40.6 243.9 132.7 28.3 55.8 532
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F2 MELUPRIEETFHRENBESENETEEH
Table 2 Seasonal values of major ion concentrations and conductivity( EC) at the central Qilian Mountains compared with other site
/= 3E N = ¥
L Qi *EX‘TY&J&E I‘%ﬂ(i A - 2 - ¥ + 2+ 24
F /C /% /mm /mes ™! EC NO; 504 Na K Me Ca
B -1.83 62. 86 21.98 2.12 105.23  328.87 153.58  71.50 59. 14 31.73 38.44 266. 80
CES 9.14 77.35 102. 09 1. 64 29.17 19. 98 47.09 18. 17 22.59 8.77 34.16 132.30
& -1.57 73.17 17.71 1.74 42.89 50. 49 83.81 59.91 48.39 20. 61 34.89 259.52
&2 -11.49 56. 61 2.55 2.76 130.40  144.50 249.84  34.16 112.84 33.73  320.79 721. 84
MR R K UL, T 2RRK (10 H ~ )AFE4 1) 500
o
TE R RS0 P A5 AR SRR B 3. 19, T T 2 o
~ . ~ + e . . ~ 300 y==18.591In(x) + 63.047
Cl~,S0; . NO; ., Na* L Mgt Ca’t Bk 2 R =031, 790
BEGR IR 2R 4.2, 5,93, 2.94 1.47, 2.93, =
e
2. 11 F13.79 15 B TRk EE W i TR, 1 TR | J —
KA sg ], EE B F R CLl-, Na® | SO;~ | 20 30 40 50

Mg * Fll Ca®* A =R I B A H B I 72 4 K
ST R B A K S R R S e AT ([
6,k CL™ M) , FBH K IR B 1 25 52 i 2 - vk
JiE Wit 3 7 1GR3 A ST B I 5 vk BN D8 )N
BIANTE—UGE LR K v, B B R0 9 g -k
JEM 2012 4E8 H 10 HAY 97. 41 peq-L~"F1132. 81
peq-L™" TFEF| 2012 458 H 13 HAY 10.0 peq-L™"

i 7k Ak /mim

B 6 Cl™iREXBE LR EMKENR
Fig. 6 Chloride concentration in precipitation in the central Qilian

Mountains, showing the influence of the amount of precipitation
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NG, e 7= & 4.
2.4 R[AES T2 H) 9 AE e

=R 3 PR FHAEE KT 0.6 19 3 A 855 i
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FRUR , X SEE T 2 [R]85 3 T A DG L v e
WAESE T X —&538, N P98 XA & & K& CaSo,
1 MgSO, HIREIEM . Ca®* F1 Mg TE kA H
SRUR (IR L) EATA B TR AR R &
ORI, B R (#omr NO; B ) T 2
23% 3% FE R H S SR Y M B0 Bhid

WRAT 5 R AIG Y | BB F 28 e AT DL
YEA RS A HEI Y . B =N (B Na®) Hih
FEMRT%. N4 iR, Cl- K" Hl Na* B P50
EIIEAHCRIA T ATRA LR MR, 3 5 F1]
A8 B Z BE VR Y BT 2 . BEAh, G Mg®t A
Ca® " Z [ 4 TE AH 5GP A Jsz e 13 Bl VR 47 Jo 5 Na* Al
Cl™ B T m. —Jr i, i T i vb A i 8,
Na ™ Fll C1~ 32252 Bl P S0 S vk B2 v AR IR 52 0l 5 5
—J7 T, —%8 Na ™ Fl C1~ "] REUR F & A A Eh i 1 1%
PRSI Na®/Cl7 BE¥ % 0. 21, KT
FRUETE K BRI HE 2R (0. 86 ) , X sk R IR K th s
T ClT. B AR L Bk Y CL AT REA A4
KR, AR AR AIE S, M Na®
Cl™ 25 EAHOC R BT A MR, K*/Cl”
ML % R 0.32 i 5 T 45 M K KT /CL7 [ %
(0.061) , X ATREFM K* AA[ ek AR, —KE
R, K R AT BT 3 A FER IR, R
SRIE . BRI (b | AR HER) I
P ATk ANl AR 77 | A R AL A7 B JA e
AL BRI, NZEIR BT K A M L0, I K B
T RER A T XET YRR,
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Table 3 Factor analysis for major ion concentrations in precipitation at the central Qilian Mountains

- KT {E
1 2 3 4 5
Cl- 0. 88 -0.277 0.252 -0.072 -0.279
S03- 0.739 0.580 -0.297 -0.060 -0.082
NOy 0.448 0.703 0.011 -0.24 0.104
Na* 0.821 -0.511 0.541 -0.142 0.172
K* 0.936 -0.024 -0.166 -0.267 0.070
Mg?* 0.778 -0.523 0.094 0.320 0.043
Ca®* 0.828 0.422 -0.207 0.286 0.023
I/ % 62 23 7 4 2
Ra WMELPBEEAEFRERNERME(2=90,P<0.05)
Table 4  Correlation of ionic concentration in precipitation at the central Qilian Mountains
al- S03~ NO; Na* K* Mg * Ca*
Cl~- 1. 000
S0%- 0.44 1. 000
NO5 0.31 0.57 1. 000
Na* 0.83 0.31 0. 04 1. 000
K* 0.79 0.72 0.33 0. 81 1. 000
Mg?* 0.82 0.23 0.03 0. 86 0.65 1. 000
Ca?* 0.54 0.89 0.55 0.43 0.73 0.49 1. 000
3 it 1 EF oy B 25 F 10, 2 B 30 W €1

3.1 HERT
me 5 frs Bk CL™ 1 BFy, R E T

B2 RT A E ) S5 A DUER S0, 1T Ca® Y EF
{EA T 18 ~293 Z[A], X il 35 1 R &ER 431452k A
TEIEMLEE. M T EFy, (M EF |, HZ T 1,
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FRLL Mg®* W] BE & A7 - S UR W T B K
EF L (AR, EF 0 B 908 57, X BE BT K™ AT REZ
TR IR T R SE M. SO3 ™ 1 EFy,, (H7E
44 ~336 Z[] X UL IR AN S SO~ Iy TTRRA .
HI T Na* (a2 H FEAT 0.1 ~0.9 ZJH,FH(H
9 0.55, B UL BT Na ™ 7] B 32 21 1 7 U5 149 52 0.
X R A K R B 5T X K Ak 2 32 2 2 Bl
YIBioTik. WEFRNIAZE, C17 I Ca® 1Y EFy,, w8 4
R a3 KA 730 Y BRTE 2013 4F 2 1
2013 4£6 A, 1 K * 1 EFy, , & %N TELEE Z A
R  BAER BRI ZERNIR, 3R 5 Hdiid ] Jn

Mg [ EF 8 SR FEA ZRK, FER/D. N
HEEHNLZCL™, Na* F K1 EF | 5ER TS
TR AH Ca®  H G ZAR . X AR AL AT B
FERZ RS AT UESE CL™ (Y EF 0 &
RRFHM Na " B EHFESIEER I
LM K" B EFy, & EHFH S5 HTRE (R =
0.45) FIUKIKIE (R =0.41) R HIEA K. Ca’ WE
B IR 5 XU Y A DGR I T R b Ay R Tk
(R=-0.35). IAh, K" EF,,, &4 HF 5K
(R=-0.3)XAMEF,,EEHNTHEE (R =
0. 47 ) FYAE A IESE T il b 5 1) DT iR
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Table 5 EF enrichment factor values in precipitation collected from the central Qilian Mountains

o AR THRAETTER 0 5 SR 1A+ AT T hm i 30 & R N T
cl- 803~ Na* K* Mg** Ca?* Cl- 803~ Na* K* Mg** Ca?*

HZE 418.76 73.63 94.35 768.55  125.12 1.03 0.23 0.52

R 39.62 6.89 2442 112,95  62.30 0.51 0.14 2.33

B 71. 66 18. 87 30. 83 257. 68 63.12 0.33 0.16 1.29

27 221.52 29.66  311.31 717.55 64.58 0.27 0.09 5.08

®6 EEREMRK, BEEERAMAREREKEFETEESFRESSKZARNLLER"
Table 6  Comparison of major ions and metrological data for monsoon precipitation events,
the interaction precipitation events and the westerly precipitation events

WiH it ] {I/'%f *EX/'T%EE '%:ff /r}:t%’l Cl-/Na* €1~ NO;y SO}~ Na* K* MgZ* Ca®*
2012-08-10 12.90 83.23 5.60 3.50 0.52 20.23 81.97 30.62 38.86 5.90 8.45 44.19
f@;ﬁ 2012-08-11 12. 40 78.22 4.40 1.90 0.34 3.83 16.50 5.62 11.23 1.84 2.07 13.87
fpp 2012-08-12 12. 10 84.07 20. 10 2.30 0.48 5.90 874 6.27 12.17 1.75 2.21 16.11
2012-08-13 10. 80 80.72 12. 60 1.70 0.17 .73 5.69 2.60 9.87 0.38 0.68 6.16
2013-08-15 11.06 78.20 2.35 1.58 0.75 17.00 59.53 18.39 22.70 11.02 9.40 105.71
" 2013-08-16 7.07 87.88 8.55 1.30 0.85 17.94 46.52 13.90 21.13 3.79 20.55 156.68
= 2013-08-17 6.52 93.34 9.81 1.07 0.77 6.02 26.30 9.61 7.87 2.21 4.56 61.40
?j/% 2013-08-18 11.47 81.05 15.91 1. 06 1.07 8.21 23.95 7.25 7.70 16.52 2.84 25.11
ﬁkj& 2013-08-19 11. 19 86.13 8.95 1.27 1. 06 20.57 23.24 13.50 19.38 6.67 3.70 45.31
2 2013-08-20 10. 38 86. 50 2.77 1. 00 1.38 18.42 18.68 19.75 13.35 3.67 6.80 69.56
F 2013-08-21 11.57 80.73 8.10 1.21 0. 64 6.33 13.34  6.20 9.95 3.07 0.00 19.60
2013-08-22 10.71 87.96 9.01 0.96 0. 81 571 7.64 6.34 7.05 1.87 0.00 25.34
i 2013-08-23 10.98 86.05 1. 60 0.90 0.90 10.00 14.14 12.17 11.11 3.28 1.39 33.36
A 2013-09-05 2.68 77. 14 6.39 1.57 1. 09 5.76 10.37 4.70 531 1.99 1.02 36.88
ﬁ; 2013-09-06 4.81 66. 83 5.60 1.82 1.20 33.50 11.03  2.11 27.98 45.24 20.28 55.58
5}%3 2013-09-07 4.14 75.59 1.35 1.67 1.81 9.42 33.41 24.50 5.20 16.57 11.37 88.58
=X 2013-09-08 4.14 68.39 0. 40 1. 80 2.34 26.81 56.59 33.70 11.47 15.91 17.43 131.31
e 2013-09-09 3.93 69. 46 0. 60 1.54 1.98 19.93 57.52 23.93 10.05 11.72 14.53 145.78

1) B T B Hpeq oL

3.2 JRIBLE 5K s
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MOV HEAh, 2 F= A7k A BN RITR
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TRHA | BRI AR E LT 3 4771
Al BIFFE X Vb 28 Y5 A o S AP I | 3R
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Fig. 7 Back trajectories of the air masses on 25 Nov. 2012,
13 Aug. , 2012 and 30 Apr. , 2013
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NOAA HYSPLIT MODEL
Backward trajectories ending at 2300 UTC 25 Nov 12

NOAA HYSPLIT MODEL
Backward trajectories ending at 2300 UTC 13 Aug 12

NOAA HYSPLIT MODEL
Backward frajectories ending at 2300 UTC 30 Apr 13
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Fig. 8 Water vapor transportation vectoring on 13 Aug. , 2012 (taken as an example for monsoon precipitation events) ,
19 Aug. , 2013 (taken as an example for the interaction precipitation events) and 9 Sep. , 2013 ( taken as an example
for the westerly precipitation events) at 700 hPa (the red tetragon is the Hulugou station)
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