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Abstract: Using 64 precipitation samples collected from June to September 2013 in the Dongkemadi Basin in the source region of the
Yangtze River, the pH, conductivity, and main ionic concentration characteristics of precipitation were analyzed. The main ionic
sources of precipitation and their relationships with atmospheric circulation were examined using factor analysis, correlation analysis,
enrichment factor analysis, and backward trajectory analysis. The results showed that the range of precipitation pH values varied from
5.26 10 9. 25 with a weighted average of 6. 70, and conductivity ranged from 0. 23 to 28. 70 wS+cm ™" with a weighted average of 3. 45

“!'. The conductivity of precipitation was lower than for the Mt. Waliguan basin ( China Global Atmosphere Watch baseline

rS+cm
observatory). The total ionic concentrations in the precipitation ranged from 7.0 to 376.9 peq-L ™' with a weighted average of 40. 8
peq-L™". The ranked order of ionic concentrations was HCO; > NH,; > Ca®* >NO; >SO;” >Na* >Cl~ >K* > Mg**. HCO; ,
NH," ,Ca®*, and NO; were the dominant ions, which accounted for 74. 75% of the total ionic concentration. Fractional acidity (FA)
analysis showed that 97. 8% of the precipitation acidity was neutralized by alkaline constituents. Neutral factor (NF) analysis indicated
that NH,; and Ca’* were the dominant neutralization constituents in the precipitation. The precipitation ions in this study area were
mainly derived from terrestrial material, while input from marine sources was relatively low. Backward trajectory analysis revealed that
the total ionic concentrations varied significantly between the different sources, which followed the order of local sources > westerly
sources > monsoon sources. This indicates that different atmospheric circulation conditions and air mass sources have a significant
influence on the chemical composition of precipitation in this area. To some extent, the chemical characteristics of precipitation could
reflect the air quality and background values for remote areas due to the limited effect of human activities. The results of this study
provide a scientific basis for the protection of water quality and the assessment of the impact of human activities on the atmospheric
environment in the source region of the Yangtze River.

Key words: the Qinghai-Tibet Plateau; source region of the Yangtze River; precipitation; chemical ; ionic sources
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Fig. 3 Correlation between conductivity and the total

ionic concentrationin of precipitation
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Table 2 lonic concentrations of rainwater in the study area and a comparison with other regions in China/peq-L"_

_AFT
—

X [ K Bt B Na* NH; K’ Mgt Ca®* Cl7™ SO0;~ % NO;y  HCO;y %%%@(rg
ARBFST 2013 ‘EEH % 4.1 9.3 0.6 0.3 5.4 140 130\ 47 1.1 g8
LG 2007 ~2009 4F 87, 455, 3.8 121 34 [ 61 240 8.3 — € g
A LS 2005 ~2006 F 1544 1813, 1449 7.43 6558/ 1917 155 | 10.37 7234 238,45
g ) #1998 ~ 2000 4F 9.75 , 8,704/ 989" 11.76 198.78 #21.55 5 6'12% .28 2228 49656
Sl 091 ~ 1993 4 0.8/ :..“é?(}-':;;x%y 21 49 % 350 g &2 — 364
JoR e 2005 AE 18. 9 SH oS 8 ) 7.5 91.4 f15.6| 162.1 46.7 — 7399.9 =
s A oo xEE 1.3 s97o  #s 96 393/ o) 1025 s.1 — w3558
Pl | 2009 4 H % 30.3 /171 37.6  225.6 939.3) 303.6! 67.5 — 888.6°
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Fig. 4 Comparison of the pH and pA; of precipitation
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Table 3 Factor analysis for the concentrations of major ions in precipitation

TiH Na* NH, K* Mg?* Ca’* Cl- S0;~ NO; HCO;  TTHkFE/%
T 1 0. 897 0.612 0.770 0.936 0.928 0. 967 0. 960 0. 801 0.954  _76.87
HF2  -0.186 0.765 0.575 -0.302 -0.301 -0.132  -0.084 [~ -0.042 0,062 42,91

=4 l\.BEk%‘%ZHﬁE‘]*E?E?@% =
Table 4 Correlation coefficients among the ionic constituents jof precipitati(;n ," !
Na* NH; kf g Ca®* oLy o SOK NO; ' HeO
Na* 1 | N | '. = f ¥ 1 =

NH o 1 ' 4 J) &

K+ 0571 4 0.86™ 1 / ' ’ -

Mg+ _é, o oxn CoFual ¥ / & ’

Ca** /0. 84" 0.34* 0.547 4 3 o 1 g | -

~Cl- 0.89 0. 48 * 0.60°1 | 096 0.93* I
( gpi-L/| | 0.8s% 0.54" 10,687 0.94™ / .90 0.95* I
No; ¢ 0963 A 0.48" 0.58 oM 0137 0.73* 0.74" 1
0.85% 0.62* 0.77* 0786 0.89 " 0.89 " 0.89 * 0.72* 1

HCOT
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R (7) F1(8) THEWE 5T X BEIK B F 1 5
HERT, g8/ MK S5 Pfion, KW EF,,,. KT 1,
EF A0 0. 204, A K* A% T & 4, AR T
TIER AR, R KT EEORE T L4 Na® Y
EF o~ 1.33, 8430 1, I Na* EZORVEF 3%,
Ca>* M HCO; M EF,,,... .8 KT 1, uiBHAHXF
MR, DAERBREM TR 35 C1 1 EF, .
40.219, EF KT 1, B Cl-n] G2k IR T
T, RS W] Z 00 B R 9 STk SO A1 NO, i

EF_ o M EF_ YEE KT 1, B0H] =38 A0 TR A
e E S, RW SOFT A NO, FE ok Bk
FERNFE L HERG DTk, T R U AT fig R L EE R AL
HAEER R, Mg 1 BF,, . F EF_ (3N T i
TR HE, U Mg " ARG 1 0 A 38 2 A
TR K ILE X i R rp, Mg T RBZE T T
AR 5 B R R AR T, R O A O XU AR R
(5000 mLL 1), /KPR AE B 3k B4 58 X L #2 v
TR AR T, KA W EESS, T8 %K E
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Table 5 Enrichment factors for ions in precipitation relative to seawater and soil

WiH K*/Na* Ca?*/Na* Mg?*/Na* Cl~/Na* S0~ /Na* NO; /Na* HCO; /Na*
M Y R L E 0.022 0. 044 0.227 1.167 0.121 0. 000 02 0. 005
Rk b 2 (e 0. 136 1. 320 0. 069 0.256 1. 062 1. 160 2.74
EF,., o 6.182 30. 000 0.304 0.219 8.777 58 004. 9 548.7
TE] K*/Ca’* Na*t/Ca* Mg?* /Ca>* Cl™/Ca2* S0; ™ Ca’* NO; /Ca* HCO; /Ca®*
e Y el 0. 504 0. 569 0. 561 0. 003 0. 019 0. 002 —

RA 7K XY 5 L fE 0.103 0.757 0. 052 0. 194 0.804 0.879 —
EF, 0.204 1.330 0.093 64. 667 42.316 439.5 —
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Table 6 Contribution of different sources to the ion

content of precipitation/%

o . NSSF
ik St CF NSSCF
Na* — 75.17 —
K* 16.18 83.82 83.82
Ca* 3.33 96. 67 96. 67
cl- — 1.55 —
S03- 11.39 2.36 86. 25
NO; — 0.29 99. 71
HCO; 0.18 99. 82 99. 82
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KRR B TR . Wk 7 R, BIKIE ., 7
DRI Jm b 5 1) I 7K O B0 o 5 L 48 40 i)
51.56% . 21.88% F1 26.56% , H:EK &8 5 MK
BB 5 R 57.74% | 12.26% F1 30.00% , H:
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Fig. 5 Backward trajectory of air masses traced

by the HYSPLIT model
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Table 7 Percentage of different sources trajectories and weighted mean concentrations of major ions in precipitation

KK T BAREES BKE BT INBCE 5 / peq - L _
/% /% Na*  NH} K* Mg+  Ca®* cl- SO2-  NO;  HCO;  BETRE
Z WA 51.56 57.74 2.9 8.0 0.3 0.1 2.3 0.8 3.8 5.0 6.9 30.1
[iEpER/ 21.88 12.26 3.5 7.6 0.3 0.4 13.2 0.8 3.9 3.7 16.5 49.9
JRy HbUR 26. 56 30. 00 6.5 12.7 1.2 0.6 8.0 1.5 5.5 4.7 17.0 57.7
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