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Chemical Characteristics and Potential Sources of
Precipitation in Waliguan Area

Li Ming"2, Li Baoxin'? Luo Wenzhao' 2, Ren Lei"-?, Wang Ningzhang'-?
(1 China Global Atmosphere Watch Baseline Observatory, Xining 810001; 2 Greenhouse Gas and Carbon Neutral Key
Laboratory of Qinghai Province, Xining 810001)

Abstract: Based on 604 precipitation samples collected from 2011 to 2019 in Waliguan Area, the pH, conductivity and ion
concentration of precipitation were analyzed, and the chemical characteristics and ion sources were discussed by factor analysis,
enrichment factor analysis, correlation analysis and backward trajectory method. The results show that: 1) The pH value of
precipitation in Waliguan Area ranges from 4.37 to 8.13, with a weighted average of 6.13. 2) The conductivity varies from 2.47 to
153.2 ps/cm, with a weighted average of 14.87 us/cm. 3) The total ion concentration varies from 21.46 to 2027.55 peq/L, with a
weighted average of 232.05 peq/L; The weighted average concentration ion size order is Ca**>NH,*>S0,>">NO,”>Cl~>
Nat>Mg?t>F~>K™". Ca?" is the main cation in precipitation, and its concentration of 89.73 peq/L contributes 39% to the total
ion concentration, while SO’ is the main anion in precipitation, and its concentration of 38.34 ueqg/L contributes 17% to the total
ion concentration. Except NH, *, the concentration of each ion in precipitation in Waliguan Area shows a trend of higher in winter
and spring, and lower in summer and spring. 4) Neutralization factor analysis shows that Ca*" and NH,* play a leading role in the
neutralization of precipitation acidity. 5) The sea salt tracer method and correlation analysis indicate that precipitation ions in the
study area are mainly from terrestrial sources, Na* and CI~ are mainly from marine sources, Ca**, NO,~ and SO~ are mainly from
terrestrial sources, and both marine and terrestrial sources contribute to K™ and Mg?" to a certain extent. 6) Backward trajectory analysis
shows that the precipitation ion concentration in Waliguan Area is mainly affected by the west wind source and local sources.

Keywords: Waliguan, precipitation chemistry, correlation analysis, enrichment factor, backward trajectory

0 51§ KAPEKR KGR S AL ) E LAy, FEKAH

‘ 52 B AR AR AT A RIS S AL RS2 M, BF 7 HAL S
F—A4: 591 (1993— ), Email: 798168010@qg.com o . B

W54 %24 (1989— ), Email: li bao_xin@163.com IRACEE R FUIE FTRAE N A5 e IR0 L TR R R

Fonis b PEAL BN K EERAFABCKFZ20221061); AR RGHK W, FKEZZHERAZME, W0
F AR A AT R B (QERC2023-10, by e . HO K TS R A R A
QIR0 MRS Ph o BRI B A AN B A, A, R

Advances in Meteorological Science and Technology S&EHZ#E 13 (4) - 2023



[ (R S A% 2% At B2 i B K PRI Ak 2 2 R, AR B K 4L
SRy O AREAE R ILAR AR, w A T AR
B NOgHK. TR IR, fERes s S5
Fli DL AETE IR B8 R GO AL RO RE Y B KA AR
TR N W 0 AAIE 72 4 T 201 48 T0EAC K, 2SI R BLKIT
DA Hu X B TR - A 7 25 B AR [ R Y 95 e 1)
R, B RIFARERTT T 19824F g 57 7 4 [H B Ry W il
M7, s ES R EHW T 19894F @ TR T4 R
i R AV R R A R I LA ) Sy e e K A 2R A A
R T REEEE, x5 E R W6 M i 7 =2 E
o Rk 2L, BN AR RS BRIk 247
ERF TS DA S HIX TR, IS T —SitE. @ik
AUV BB L G H X K R NHL T KB T IR SR IR AT
Be 5 R AE MR HE S R BT B R
5] DY AN 1 [X P8 R 5 S A B 0 25 (A1 REAE v 76 g 3 X >
LRI X > LRI X > AL IX, HifRg . R
Juth X KA K pHAE Y BE I (816 Fr Ft s, T4 Re
X 7E20154F LAJG MK BR P A BT FRARG s 5 o i 251k B
7£2007—20094F FL. B X [ /K 252 2K S5 G5
M3 A% 2R T 520 R g e e 7K R i 8 R B ) B it
ATHEAE s 2 RUPVE S 22 7 KA R K AL 2 I 23 3 A
MIE TR S, AFREHIEEEKR. <
EE BoKED . BRSNS R8540, S8
KERIS Y, e K HSOMNO MK, R&E
RSB B FEAESO,2 . NO;, 25 55 F2H 4y
A N BB S A JE 5201144 H4 H 22019
11 A 25 H S 16044 FE K BE S KpHIE . B S
RN T BT RFAE 3BT, AR TO B G Hh X R 7K 4k 2
FRAEFN B FoRVE, AR BLH e X RSB 3 5
HRMtZ% . FLHE L (100°54" E, 36°17' N, #§ik
3816 m) A F iy R B i, A B AS8iEE), K
SR N b,  FOW I nT AR RO K it
KEAMFERRAE, ERAMFLRARER R SE
AR AP Ak AT A 25 e L B g S,

1 HmRESSH

B KB R SR b S A7 1 B L AR I, R
FERT ] 22011—20194F, HRE604N KM . &
XM R AR AL, w2, BT, &g
X 358 A JE 3l PR 5080 359 o o ) SC5R R R ARCER I G K
A E e, Hod e Rl %k 2010—2017
FEILTA2NBEACRIEI LI E TR, IG% RN
2010—20174F3£343 4 B K R FE I 5256 = 1 b 25 2R
AT R N2011—201 745 382274 B AKCR AR 1 52 36
EoWER, £WHEE N2010—20174E 356054 %K

Advances in Meteorological Science and Technology S&EHX#ERE 13 (4) - 2023 | 25

w

M e

b

SRFESL6 == b e

RAEEH BHARFER RS, BT RKR RS
IR 40 T R, SRR FE 5 e g IR K
MR ZE, RULATE T Pk B fk (1) 2 T 06 200 2 4 1 HL3
o PLHE IR 28 F B 2RI 0UE 5 & M Rk4E,
WERR K. SERE I, RO (JLER,
THED EH RS S R, BEH1.S m. R
FEdR TR T BT, TSR M, iR T
AR I AN 52 B Ay YR A TE G o AR B FE
RIFER CIHEE T, HREERREN. MLl
A RSB I B RS R R SR 0 KA Z= 5
T o SRR /NI T o 2 RS [ b i o 88 3R 8 A Sk o ]
RESUm, 0B IRk B BT Hmg/LEE L ipeq/L . BT
FH K pHAE . B S & DL R B IR 1 F3MES N
BEKEIBCT A, Bk 57 052 Sk
2 HZR5H®
2.1 pHIEFNHE SZR4FHE

R 7K A 1) F 3 R pHAE 2 & BB /K Ak 2 1 555 T
FRY, wE1afis, 2011—20194F B B e H X KA &
TKpHAB (K25 4k Y0 [ 4.37~8.13, AL FH1{E 46.13,
SEIMACE A B s B E, H20114:15.91 EF
£20199:176.10. pHIE A FHEMN (E1b) EHELZE
. ERKERCHEE S . AR, FHEEHX
2011—20194EpHAE /N TF-5.6 I F& K IR BUN29YK, 5455
AN BRI S 6.4%, pHAEAN T5.6~6.00 F%K & &
B K IR 27.7%, pHAE N T-6.0~6.51)BF7K & A
49.0%, pH{EAT6.5~7.0K /K &5 A15.2%, pHAE
KT 7.00BEK 5 A1.8%. BLH K H X K< fE 7K pH
BB A A R s oy s (P 1d), 2010—20194F, &%
AR upHAE A B EFF,  E B 5220064 LR SO, HE K
B HIEFE T B LR 20104 DR E SN HE & T
B ) U R, oF I A O 3R B R T V5 e A RF R i 34
B0 E B DT . 5 I8 R K A R 1 i ER R o 2R
M pH=5.6 008, AN xt B s, it LA
FIX H A2 W fEE BN

2011—20194E FL B SR H X KR PR /K B S R TE
2.47~153.2 ps/em, HIACFEI(E)914.87 ps/em. HLF
FREMBCOFEME (E2a) EZEFRERES, d2011
FE11919.02 us/cmPF 220194 119.96 pus/cm.  H IIALCE)
i (FE2b) S RMEHIE4, 453.78 ps/em, H/MHE
HMILAEL0H, N10.65 ps/cmo BLH &M X A FAK H
SRE B AR S IR (B20). &S
RAY ) 2 57 5 AR X D A2 T 5l B30 2 R B DA R %A
W S B AR EAFRBORRR, KM SR



RE L LV
dvances in Met S&T

6.4

63

6.2

pH

6.1

6.0 F

59

201[ 2012 2013 20]4 2015 2016 2017 2018 2019
Ehy

250 -
(©) 49.0%

6.0~6.5
pH

E1 2011—20194 L B X it X Bk HEmpHERI4E (a) .

6.5~7.0 >17.0

<5.6 5.6~6.0

(b)

&=
puft:
HE K

(d)

EM H”ﬂ

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
FE

wa

bt
<

pH

R (b) BLHZ, RS (c) RESHMARIERIELE (d)

Fig. 1 Annual (a) and monthly (b) variation curves as well as frequency distribution (c) of pH values in precipitation
samples in Waliguan Area from 2011 to 2019 and the comparison with pH values from other baseline stations (d)
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Fig. 2 Annual (a) and monthly (b) variation curves
of conductivity in precipitation samples in Waliguan
Area from 2011 to 2019 and the comparison with
conductivity from other baseline stations (c)
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Table 1 Precipitation ion concentration in Waliguan Area
and its comparison with data from other baseline stations
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Fig. 3 Percentage of each ion in the total concentration of
atmospheric precipitation in Waliguan Area from 2011 to 2019
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Table 2 Comparison of different ionic sea salt and non-
sea salt fractions in precipitation in Waliguan Area
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Table 3 Correlation analysis of ion concentration in
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