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Hydrochemical Characteristics and Sources of Ions in Precipitation at the East

Qilian Mountains

JIA Wen-xiong', LI Zong-xing’
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Abstract ; Precipitation of the northwest China is different from that in other regions of China. The vapor reaches this region after long
distance transportation with little precipitation, and the ratio of precipitation variation is large. Wushaoling at the east Qilian Mountains
is an important divided line of climate in China. The east region of it is affected by South Asia and East Asia monsoon, while the west
region of it is influenced by Westerly circulation. So ion combinations in precipitation are complex for the trajectories of water vapor
transportation, the natural environments and the development levels of social and economy in different regions. Precipitation samples
were collected at Heisongyi located at the east Qilian Mountains. Hydrochemical characteristics and sources of ions were analyzed by
factor analysis, Enrichment factor analysis and back trajectory analysis. EC values in precipitation ranged from 29.20 to 892.00
uS-cm ™' which were controlled by alkaline element. The precipitation was weak alkaline with pH values ranging from 7. 02 to 8. 89.
EC values in precipitation were higher in autumn and winter than in spring and summer, opposite to pH values. The type of
precipitation was SO. - Ca’* for the cation concentrations following the order of Ca’* > Mg’* > Na* > NH,” > K* and the anion
concentrations following the order of SO~ >Cl~ >NO, . The concentrations of K* , Mg**, Ca’*, NH, , Cl~, NO,; and SO}~ were
the highest in autumn, but the peak value of Na™ concentration appeared in winter. As a whole, ion concentrations were higher in
autumn and winter than in spring and summer. Enrichment factor indicated that Na* and Cl~ mainly came from marine source but Na *
partly originated from crust source in winter and Cl~ partly originated from anthropogenic source in winter, and that K*, Mg®* and
Ca** mainly came from crust source except that Mg>* partly originated from anthropogenic source in winter, and that NO; and SO}~
mainly came from anthropogenic source. The trajectories of water vapor transportation from directions of northwest, north, north with
southeast, northwest with southeast, northwest with southwest, northwest with north and southeast were ion original sources in
precipitation, and the major trajectory came from northwest direction. Among these trajectories of water vapor transportation, that from
northwest, north and north with southeast appeared in each season, but that from northwest with southeast appeared in spring and
summer, that from northwest with southwest and northwest and north with southeast appeared in summer. Though ions originated from

marine transport by Westerly and monsoon, from crust provided by desert and Gobi in central Asia, Xingjiang and Mongolian plateau,
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and from humanity activity related to cities pollution and industrial and agriculture production of oasis at all trajectories, the

concentrations of ions in precipitation were effected by the strong and weak variations of different weather systems.

Key words : precipitation; ion concentration; ion source; water vapor transportation; Qilian Mountains
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Fig. 3 Variations of EC, PH and precipitation amounts during sampling period at the east Qilian Mountains
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SIGUA NO L NO, | SO, SR JETT BRI T B LT T R B AR L R
NO; | SOPT WeFEREIN. S KW A R, TRMOKAT TR RS T X S AR
NH; TR, MR RIMFCEYR L BARE  IOSHRE—B0.

1 MEUFBREHEREBKDPEIESTFRENMNFHREMNLLE/ peq-L !

Table 1 Mean weighted concentrations of major ions in precipitation at the east Qilian Mountains compared with other researches/ pweq-L ™!

HbIX Na* K* Mg>* Ca?* NH; cl- NO; S03- SCHik
Djougou 3.80 2.00 2.10 13.30 14. 30 3.40 8.20 6.20 [1]
Typhoon 725. 00 24.00 142. 00 83.30 5.44 811. 00 5.95 104. 00 [7]
Botanical Garden 10. 50 1.90 3.80 11.90 17.50 10.70 9.10 16. 60 [31]
Metropolitan 62.20 11. 10 19. 50 30.20 18. 80 66. 60 15.80 41.30 (8]
Robertson 1.56 0.36 1.81 23.59 1.23 0.73 2.62 1.99 [32]
K 35.00 14. 00 41.00 306. 00 174. 00 50. 00 105. 00 344. 00 [13]
i 11.85 4.10 8.95 45.00 82.15 46.05 37.10 92.85 [15]
K 22.40 10. 50 42.20 264. 90 140. 90 31.00 99.20 299. 20 [19]
paE| 13.90 9.61 10. 50 182.90 112.79 20.72 7.31 265. 63 [18]
FRIA 50. 00 24.70 6. 60 71.00 12.30 59. 00 1.30 13.90 [9]
TLHG 23.77 2.59 17.77 112. 82 38.65 26. 65 15.30 46. 69 [10]
JLEIE 132.71 28.25 55. 80 532. 02 197. 69 87.62 40. 62 243. 86 [33]
RANGE 146.79 25.38 178. 60 599. 32 79.21 123.38 60. 52 307. 44 BN
EE, B TFREBERAENS (K 4). MAEZATRE  BR Na ™ 1Y R & INACE 29 5 7

Na * ¥ FETE 2013-08-05 Fe i, 7 2014-04-10 R EEL AR mdh, e & 8 1 0k BETE R oy, Of B
RES: K WREETE 2013-08-05 R Afl, 75 2013-  Na ' MUV EERK B m KT, Mg’ . €17, NO; |
09-06 , 2014-04-12 W JFWH F; Mg WBELE 2013- SO, MM EAER Wi, nl WK s ik fE
08-16 f /=, 75 2014-04-10, 2014-04-11, 2013-08-  Fk . &F K&, HF . EFEWEM. H Duncan £
05 WeFERAR T ; Ca® " W EETE 2014-06-28 HBlA K KSR BkE3=4% B 1 RO R & A e 5 HE
{8 ,7E 2014-04- 12, 2014-04-11 W EEWEE; NH, FEWEREE F B LAFHTREEZRARE,
YR BETE 2014-06-11 . 2014-04-12 . 2014-04-20 . 2014-  fHNa®  K* Mg’* NO; AT HETHESHE K
04-16 WA ; CL WREFAE 2013-08-05 I 55 fE  FAmn . Tk, &FWEARED, Irle 1
2013-08-16 . 2013-06-01 LA, NO; weige  WRBEEMDORESS I | AWK W8 1%
2014-08-05 5, 7F 2013-08- 16, 2013-09-06 #eflr A ERFRREAEH, D7 Tk BEAHRS B, kot
WAL E; SO2™ Mk BE 7E 2013- 08- 05, 2013-08- 16, Ca’ VR EHR AR, X EFEEZ AR, bk
2014-04-12 WS % FF 2 T W &R KB AR KRR HERZE Cas0,' ™ HFE K Ca®*
PR TR R, Bk ke 2o a2 Sk g AR M PRBERAIRTRER ; NH R AR B iy 32 A
B AP P IE TR L S Ss Tk AL PRI IETE MU TR NHY AR
RERE . B, RSB K R NH, RN,

®2 WELUFRREKPEESFHEMELRENSHETN CPME £ b3fEE 0 =53)"/peq L™
Table 2 Seasonal variations of mean weighted concentrations of major ions in precipitation at the east Qilian

Mountains( mean value * standard deviation, n=53)/weq-L ™"

ER Rk
P Rl Fokd . . 2+ 24 ¥ _ - -
£t A Jmm Na K Mg Ca NH/{ Cl NO3 S04

H%E 628 8930 191.08£13.98% 27.80+1.78% 202.58+13.638 652.81+43.36%  60.21+7.51%  90.80£10.28%  42.50%3.61*  267.00 +24.14*
HZE 1541 11550  65.76+4.45%  12.80£0.73% 104.07+4.75%  481.66£20.04*  80.59£5.10%  72.85+6.25% 50.01+3.234 179.85 £ 12.434
BE 380 1870 294.20£149.92% 111.19£22.22¢ 327.32£193.69€ 1541.40+1088.08" 172.95+122.12% 1296.92 +871.68" 188.13+28.89%  3312.86+2178.24"
%1017 420 368.19£166.82° 59.92+24.86% 307.07£136.235C 339.31£195.19*  4.01£1.17%  283.03£60.05%  252.57+103. 18"  757.16 +154.71"
W% 12.03 203.40 164.08+8.68  28.79+1.40 225.94+11.60  678.11£39.31 T4.38£3.92  112.74£5.30 48.26+1.58 267.70 £10.73

TF -3.82 2430 257.64£43.35 57.10+10.10 **261.41 £46.90 ™ 892. 11 £218.14 ™  64.17£25.00  540.11£178.05** 109.91£22.66* 1400. 10 +447.03 **

1) ] Duncan 247 ZEKGE , FFERE AR KRS FrEFR AR 230 B3E (P <0.01) ; A IR LI T AR, W —Fdh T2 5 W 20 L,
w % FOREFWEE (P <0.01); AMrFRERANEE(P>0.05)
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Table 3 Factor analysis of concentrations of major ions in precipitation at the east Qilian Mountains
S %y Na* K* Mg?* Ca’* NH; cl- NO; S02- TR/ %
0. 850 0. 826 0.791 0. 253 -0.052 0. 876 0. 851 0. 843 53.748
2 -0.082 -0. 006 -0.135 0. 669 0. 827 0. 104 -0.221 0. 181 15. 607
F4 WBELUFRBREXPEESTHHEXE
Table 4  Correlations of concentrations of major ions in precipitation at the east Qilian Mountains
Na* K* Mg?* Ca®* NH,f cl- NO; S03 -
Na* 1. 000
K* 0.913* 1. 000
Mg?* 0.610™ 0. 480 " 1. 000
Ca®* 0. 132 0.174 0.246 " 1. 000
NH/ -0.045 0. 008 -0.177 0. 197 1. 000
Cl- 0. 600 ™ 0. 605 ™ 0.594 0.174 0.018 1. 000
NOy 0.651™ 0. 648 ™ 0.735™ 0. 054 -0. 144 0. 657" 1. 000
S03 - 0.538 ™ 0.529 ™ 0.567 ™ 0.231" 0. 069 0.957 ™ 0.641 " 1. 000

1) # * FRiat 0. 01 MBS ERL (P <0.01), * FRiE 0. 05 MBS R (P <0.05) ,n =53

FHOG, B BT RER H REIR a0 R AT AN
P, L rfefll A= = R B 2 H F R R
3.2 BEKhEFmEERT

S AR B HA B B AR DG (BT R R |
SH AR %25 ARIEAL (1) | (2) 1545 HAR
T 1L AR BB AATERE K S -2 A3 AE G 1 KR - 1
M E B, KA Mg” " i EFy, it KF 1,EF
ANF LRI B AT TR K AR X 3 T 6
AR FEHBEIR. BREKTEF T 2200, C1™ 1Y EF
/NT1L,EF L i KT 1, R0 C1™ kR =2 01 4.
PRI, Na® [ EF  BS/NTF 1, 300 Na® 22
IR A BTRR, 1T Ca®* Y EF KT 1,80 Ca** F
BURREIRAITTER. NO; F1 SO~ Y EF 5 1 EF | 53
HRT 1, R T - BE R K B AH X & 4, 1ok
I8 Tk F 580 NO, Fi SOy ¥R/ H 2R
N IR BTk

6 RPN (3) ~ (5) A/ IARE LR
EE RN K A B ORI A SRR . W 9T X FARK
AT Na* FEEIREIEE A, AL A FWAH 52.41%
(BRI A, PSR 30 = & B R AT B R Na ™ $ 1t
TR Mg B REIR A Hd A L)
X 77.09% A HAT RIS oA
4 20.19% ,BLAh Mg®* #E4 224 10. 75% M9 N 25T
A X AT RE & R IR A G, BB
YR EH Mg &R, K| Ca®" F 8 2l B
A, A LG 354550 K 88. 67% . 98. 13% , Tiij 1
T A LCAAR AR, BRI T4, Cl - F 22
T H5 A L7348 98. 45% , it U5 s A 1Y

Fe AR AR, TRk 2 73, 32% B9 2615 shi A Y
RN, 3T BB ok H S A ML (R L) ARG
FRIREA 51200 | O AR Rk 2 A Be R H R A sf R
MR SRR, NO, FREE AJE S AN 3, 1
A B340 98. 27 % |, i Bk V5 A1) L 49 R
I, K F 20k A TR E R HEBORR B A L ik
FrER . SO% IR AR TR A L B A AR
MAZETE S A B3 92.16% , HF 2k A
FA LR AN Tk Al

MWHE, B, B, £FXFHERE, K Mg,
Ca’* | SO, fE4 . HRIGIHEB A LG & T 5, &
2 1 Cl™ MR AFEA TR 5 ; Mg™ " Fl Ca® FEK |
KR IR A LU B T4 B2, 0 CL Fi SOy~ 78
. BRI LGS TR, &2 K TERK R
TR LU B 55, NO; 76 75 2=l U g A L 481 B =5
NO; 7E4Z= N W TR A LBl s, SO~ TE#KZE A
S URE A L B . RN ZE RN T ZEXS R LK,
Cl™, SO}~ FEmN R IR A = T 12, W Mg** M
Ca’ " TE TR AR TWE; Mg®" | Ca’" | Cl™ |
NO; | SO;~ 7EWMI ZEfli iy A s T T2, il K* 4T
F kAR T2, C1- | NO; | SO;” fETZ&A
R A = TR 2R
3.3 BRI E TG T R

SRy LR A K S STk oM I T E T
Rl b DX A U38, TAE IR S e 3 e K PR B B i R
I ELTEAZ i 18 2 AN Wi A i V525 7 R Ry 15 S
T E5 o, AR AR BERE K P R TR B KR
A vEde At b + AR I + AR L0
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Table 5 Enrichment factor values of major ions in precipitation at the east Qilian Mountains
4 EFyge EF
K* Mg?* Ca®* cl- NO; S0%- Na* K+ Mg?* cl- NO; S02-
T 6.67 4.67 77.82 0.41 11119.90 11.55 0.51 0. 08 0.55 44.87 31.00 21.76
HE 8.93 6.97 166. 85 0.96 44 871.31 22.60 0.24 0. 05 0.38 48.79 58.34 19. 86
7 17.34 5.58 119. 35 3.80 31974.01 93.06 0.34 0.14 0.43 271.42 58.12 114.32
K 7.47 3.67 20.99 0. 66 34299. 00 16. 99 1.91 0.35 1. 16 269.08  354.46 118.70
[IES 8.05 6.07 94. 14 0.59 14705. 10 13.48 0.43 0. 08 0.59 53.63 33.89 21.00
T 10. 17 4.47 78. 88 1.81 21 329. 96 44.91 0.51 0.13 0.52 195. 30 58.67 83.48
x6 MBELUFRREKPEFFARKRMH %
Table 6  Different source contributions for ion concentrations in precipitation at the east Qilian Mountains/%

. i I A (SSF) fli B A (CF) AT B A (ASF)

Na*  K* Mg* Ca** Cl- SO;” Na* K* Mg* Ca** «¢l- NOy S0j~ Mg* Cl- NOy SO0;~
7 100.00 14.98 21.41 1.29 97.77 8.66 0.00 85.02 78.59 98.71 2.23 3.23 4.59 0.00 0.00 96.77 86.75
HZ&  100.00 11.20 14.34 0.60 97.95 4.42 0.00 88.80 85.66 99.40 2.05 1.71 5.03 0.00 0.00 98.29 90.55
k2 100.00 5.77 17.94 0.84 26.31 1.07 0.00 94.23 82.06 99.16 0.37 1.72 0.87 0.00 73.32 98.28 98.06
== 47.59 13.39 27.22 4.76 99.63 5.88 52.41 86.61 62.03 95.24 0.37 0.28 0.84 10.75 0.00 99.72 93.28
FIZE  100.00 12.42 16.49 1.06 98.14 7.42 0.00 87.58 83.51 98.94 1.86 2.95 4.76 0.00 0.00 97.05 87.82
T2  100.00 9.84 22.37 1.27 55.33 2.23 0.00 90.16 77.63 98.73 0.51 1.70 1.20 0.00 44.16 98.30 96.57

db + PEg . PEIL + db 7 + AR ERAR, 00 K
WOB 58.49% . 16.98% . 9.43% . 9.43% .
3.77% . 1.89% (F 7). VEALHARIE AR 111 4= 5 f
IR e FERIR AEAS BT I (£ 8) , KA
1 PG BRI 2% | MBI 428 v ST gk A 3, 9T
PEERRBABIFEX[ B 5 (a) |5 L B HLIE AR 1%
IHZRFRRRE K ) F 2RI, B S TEAANZT L, K
PR ATV M R ABE R % , I TEAA R W 28 52 1y 8 i i
THEAWFEX K 5(b) |5 AET7 + AR mg st i 2L
FEASAN T, KPR 3 v M RCAE AN AR S0 2 XU

[ 5(c)]; POt + AR isie T2 ol /e E B
2 K RGE 2 P IR AR 2= KUk [ 5 (d) 15
VYL + VU g A LD IEAE B 2R K AGE 3 P XU I A
M KU L [ 18 5 (e) ] PEAL + JET7 + KMt
W IAE R ZE KV PO XA &M s AU AT AR
WIS F 5() ]. F Duncan 22 T /46
B, Na* | K" 7E45 7K VAR U rh i & in AT 25 ok i 22
SARRFE Mg Cl™, NO; S0} BRidL + Pirg
BEARA B F K ORI B IR 2 R AN 2,
fHCa* VIR 5V + PR B AR b B TR &

®7 WEUFRBEBARERBBEEES LRSS FRHEMA T LR E CPEMH « b2, n=53)"

Table 7 Percentage of different source trajectories and mean weighted concentrations of major ions in precipitation

at the east Qilian Mountains( mean value + standard deviation, n =53)

KFTE A%ﬁé A [k R T4 5/ peq - L !

H 43It/ % H L/ % Na* K* Mg?* Ca’*
[iiig i Ta 58.49 67.05 158.08 +8.21* 25.76 +1.37* 184.77 £11.014 620.14 £36.91*
dborigiz 16.98 12.01 160.93 £23.45%  27.80 +2.58" 155.54 +17.89" 501.86 £49.25%8
677 + AR isAs 9.43 9.82 110.38 +15.98"  24.37 +5.20" 175.66 +42. 12* 530.02 +69. 888
Padb + 7R p AR 9.43 7.73 129.35 £22.95%  27.07 +4.28* 151.52 £23.69* 796.13 +138.96°
Pl + PH R BE AR 3.77 0.89 20.51 £13.56"  10.82 +7.24* 379.96 £224.71°8 268.99 +187.70*"
Padb + 607 + AR AR 1.89 2.49 17.99 +2.54% 7.52 +1.06* 147.10 +20. 80" 290.29 +41.05"F
KR B Rk R f2 IR - 35 MR B/ peq - L !

A/ % A/ % NH,! cl- NO; S03 -
[iiiB]di% 2 58.49 67.05 76.59 +3.40* 124.13 +6.57* 47.00 £2.02* 206.74 +14.84*
dborigiz 16.98 12.01 92.47 +9.57% 185.56 £29.22%  115.64 +10.75* 507.60 +65.38"
b5 + Rz 9.43 9.82 108. 14 +35.30""  45.29 +8.38" 47.43 £15.394 158.68 +30.35%
Pl + R B AR 9.43 7.73 48.64 £6. 64" 137.19 £33.97*  100.46 +15.18* 342.51 £68.75"
PadE + PR AR 3.77 0.89 37.06 +13.17*%  301.55 +208.93% 162.13 +98. 54" 514.45 £336.04°
PadE + 677 + A AR 1.89 2.49 81.54 +11.53" 4.73 +0.67" 49.71 £7.03" 34.27 +4.85%

1) Hl Duncan $EEAT £ FAGHG , [ FUBRA AN 7 RS SRR 41 22 Al 3 (P < 0. 01)
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Table 8  Statistics of monthly precipitation from different source trajectories at the east Qilian Mountains/mm
IR 1 H 2 A 3 A 4 A 54 6 A 7 A 8 A 9 H 104 114 12 A
LKA 0.0 1.1 5.6 46.0 11.0 43.3 25.7 0.1 0.0 0.0 4.2 0.8
Bl ayp S 0.0 2.3 0.0 0.0 11.7 12.5 0.0 0.0 0.8 0.0 0.0 0.0
677 + AR isAs 0.0 2.3 0.0 0.0 14.6 12.5 0.0 0.0 0.8 0.0 0.0 0.0
Vadt + ZR AR 0.0 0.0 0.0 2.3 8.1 0.0 14.7 0.0 0.0 0.0 0.0 0.0
PEL + FARG AR 0.0 0.0 0.0 0.0 0.0 0.0 2.3 0.6 0.0 0.0 0.0 0.0
vadb + 607 + AR AR 0.0 0.0 0.0 0.0 0.0 0.0 8.1 0.0 0.0 0.0 0.0 0.0
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Fig. 5 Black trajectories of water vapor transportation of ion original sources in precipitation at the east Qilian Mountains
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