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Abstract: This study analyzed the concentrations of cation and anion, and pH in precipitation taken in Guiyang
throughout one year from October 1, 2008 to September 30, 2009. Using the software-TrajStat to simulate backward
trajectory of air mass, we examined the source of ions and impact factors on ion concentrations. The results indicated that
the volume-weighted average of pH in one year was 4.23. SO,> was the major anion and volume-weighted average was
265.63peqL”,
volume-weighted means were 182.90peq/L and 112.79peq/L, accounting for 47.10% and 29.05% of total cations,
respectively. Good correlations between NH,', Ca*" and SO,% were observed, which imply the (NH,4),SO,, NH,HSO, and

CaSO, being exist in the atmosphere in Guiyang. Significant seasonal variations in total ion concentration, as high in

accounting for 87.19% of total anions. And Ca®* and NH," were the major cations and their

winter and low in summer, showed that the ion concentration was affected by many factors such as precipitation amount
and pollutant sources. Enrichment factor relative to scawater and soil indicated that Ca®*, Mg®* and K" were mainly from
crustal source, but SO,> and NO; from the anthropogenic source. The backward trajectories in Guiyang showed that the
air mass from various directions in spring, from sea in summer, and from northeastern inland in autumn and winter.
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KEM R, BEKRE—MRE 2P
2R K pH FEFIRERGRT KRG
LR ZKRETHIYEER . afzs
TR AR o AL R ) ] — X R R,
A [ B 7K B, AN R K YRR UR 0 B /K A 2 R R S &
B ER KK Z 0. A, A5 57 F) H 5
2008 4F 10 H 1 H~2009 £ 9 H 30 H K {4 %
TR, B A P BB T A R R R
B, TR ST PR KBRILTERE . KA # A
FRAE, 50T B 7K AP Ak 22 B4 1 R [ SRR DL R
IR 2%, UL B A K05 BB R R R 24 5.

1 MRE7EZE

AR IX 35

BT 26.35°K %2 106.43°, iR
1250m,4F f&7K &4 900~1500mm(*F3) 1174.7mm)
FH H &N B HE P EE T AR (RH)86%.
2008 %10 A 1 H~2009 %9 H 30 H—4EH &
=47 894mm.

1.2 K557 :
SERERTIE] R 2008 4E 10 H 1 H~2009 49 H
30 H.W/KKEE s 7E F B R B b ER AL 2B 5T
B —#E T, FA Bl A B B s S Vs R B
AR AT X I — MR E L RAERR S B I 2
FER AR 28 (4.2mx 1. 7m) 500 B A 321 5 8 HH B T
1.5m %35 B 7R A AL B A milli-Q Kx E
Ve % B A AT R I R R 25 4, DAB 1k
DUBEFN Ay ety W, K HRCBRFE 1.5L B
SL ¥R R4 AR AL ARSI LU 1LSL(FRREND)
5% SL(T 3B KB R B AT % SR SLk 4R
1235 /MK FE .

FE AR DI 30 =2 S /K 9 pHL B BT
LA B 5 #R(EC). M 5h T 0.45um # sh BB i 1Y B
e R FL e L 8 5 B 30mL 4> BIZELEF X 15mL
BB I B T RS LRI 2 W
TIRFEE LRI IL R pH<2 AR B BH B T RE
T 4 COKFERAE. H 1ICS-90 24 B ¥ 134 (£
Dionex 74t &) & /K ¥ o B & T (SO47NOs,
CI,F),H MPX R B &5 FHh— Rkt
(32 E VISTA 2 &)W & FH & T (Ca™ Mg™,

1.1

K" Na"), H 4 AT 6 e il 2 NH, & Fb
BEHRRNBEHETT 0.1mg/L.BH. FHE TR
NH, i & EELME R 22 70 B 4 B M 2% . +3%.
+4%.
1.3 JEmPuES
J& M T 2RI KA E— 2R R RiE
) % 155K 23 A B /K R B ) Sk IR A% S 42 )
A EZSMELRENOAA ARL)R K
GDAS ¥, 3fi2 4 TrajStat 3T HRITHE
(http://ready.arl.noaa.gov/HYSPLIT.php). #1 i [
AR ) A B K B 1 0 A3, 05 #E 3d(-72h), &
U 500m.
1.4 HEFRE

B P 52 6 B K AL 22 21 4 SO R VR A
FIEESH,US EPA MlETE TENEZE,
B 7K PR B IR EAE 50~100peq/L B9 30%~
60%, W B -FIRFEE>100peq/L N 15%~30%!® 3218
FEHIARHEST BT B TS 5 ,>100peq/L [HI P&
IKEE R (L 1181 MEES)=0.96x+233.85, R*=0.80;
<100peq/L H7E 75 [ P9, B3 FH B 1 AH G R B =,
ST EE R E RS,

2 HRSI®R

Bk pH E 5 KB HELHLEF
R 1 9] J,2008 410 A 1 H~2009 4 9
H 30 HE&K pH HIIMACEI9E A 4.23(3.35~
9.99).1235 4~ ¥ §& 7 ,pH>5.6,5.0~5.6,4.0~5.0,
<4.0 BIFESS A R B 27.45%,10.69%,
40.65%,21.21%.1X 3 B 5 FH B& 7K B0 B v S FR 1k
AFRAEE &, /K ERAL B % ™ 5.2008~2009
R 7K B pH {8 Lb 52 FH 1982~1984 4E4 Bt i, (BA7%
AR T E A — 2 A IR T

B 1 A W, 51 FH 2008~2009 FERE/KBHE T
AU 4 BB FRIK D SO >CI>F>
PO4’ (11.07peq/L)>NO; ,BHE F % Ca®*>NH, ">
Na™>Mg”>K",iX 5 3 [H 5 7 % i [k 8 A —
LSO, R [ /K P 55 v (0 B B 1, SLxd B
BB F S B TTERAE 69.29%,1X [ Bk T 51 FH T AE
BHETEUHENE. SHEMEBRGREEAR
[ V85 B T LY R BR R ALY e b5 1982~1984

2.1
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5 R % 30 %

A HE,2008~2009 EREK B SO FRAE T i
1/2,1X 5 5 BT JLAEE AR i RV AR R S i
BEEAR M HHWRERE TR, wEES
LHER X AT RE A RER I LA R PR B H 6.5,
FHBE /K NOy & BERAK, LN 7.31peq/L,
1982~1984 F 5T BH T 4K+ NO; & BAKIE 3 15,
KRBT BAR PR IR JLENLB) T8 in, (2 2 %
B D, S B NO, B> . Ca® MINH, 2 T
EHHET, 205 THETFEEMN 47.10%H
29.05%. 5 BT Ca” W B I JLAE AR AL AN K (B X
TS T R E M — L3 T BRK P Ca® Bk
HA, ERHE T LS. [R5t FE b
W TR X R R P S AT RGR I Catt Nk
SR Ca¥ WREE L. Ca it = AR 2= T it A
EBEB A AT NH, KB THFEA
BRI KRS NH M8 W KR S I

T NH,9 5B 2008~2009 4E NH, W
1982~1984 =1 40%, 7] fE &L JLAE ST
BRI TE Y R AR b Ak BEAE F 38 0, § B0 NH,
B B ) A R o ek B 8 0 R B T
KRR R T Na' lh K V). WSS
B, S5, RS ERELSY TR A
FTH{RIRZ.

2008~2009 4E 5t FH 7 4 /K FH 25 7 s F(Ca®™
NH,'\ Na*. Mg%. KYiZ K T3 T 2 (S0, -
Cl'. F. NO3).IX 2K AT MK 74
NO, (3.22peq/L). HCO; (19.34peq/L, 75 77 =R
i C(BRITHERIE ARG MYel R KERAHL
A CRE,FNBTEHE N 15%L
U9 BATH 2006 4F 4 H~2007 4F 4 A F#. Z
B, HERSENIRIKE BAEE] 34.54peq/L, 3
vh B R 5 K 24:139.43peq/LY,

*1 RMEAHMEKTS pH. TNEFSEREATEER LB LR (ueg/L)
Table 1 Comparison of pH and ion concentration in this study with other year in Guiyang and other areas (peq/L)
X pH & F Cl NO; S0.% Ca>” K" Mg> Na~ NH,”
B 2008~2009 4F 4.23 14.54 20.72 7.31 265.63  182.90 9.61 10.50 13.90 112.79
HER1'11982~1984 4F 4.07 - 8.20 21.00 41100  231.20 26.40 56.50 10.10 78.90
Jext 6.01 12.90 31.50 84.10 24890 19120 12.00 33.30 16.30 234.00
e 448 18.70 24.50 23.60 66.10 59.40 5.90 10.70 14.40 30.70
Kyt 4.07 6.20 13.20 24.00 167.80  111.20 4.80 10.80 430 71.90
BRI B 5.46 3.70 5.67 1.99 14.1 3.85 2.14 3.05 8.95 27.60
B, B v 6.18 - 10.90 84.93 82.38 147.28 2162 25.19 4197 80.84
E-RREHIE
22 FBFAKPENBEFRIETEH B R E R

HE 1 af KT RIRE &
PRAFHEFKIEFS5MKEM KL 2008
12 A 2009 4 1 A, BEKEIE BB, 75 3
WMHEGERIPIRE, R R E LB R,
BB T IR BEE 4> B 2708.49 1 2672.63peq/L.iX
WA RE S VT IR E L FW ML R AE R
SEAKEEE TERT RN G RWHEX E
2009 5 4 A0 7 A, MEKEMMEK,HHAS
BRYUAGERSTHRRE BB FRES A
390.40peq/L F1 394.16peq/L, Lt 2008 4E 12 H 1
2009 £ 1 AW RS FIREMRIE 7 K ER%0T
R EUKERHEIEHRMAEFET R E

2.3 BETWE. pHESHKERXR
e 2(a)fi7~,2008~2009 4 5 FH T MK &
BTRESEKEMXERANP=799.35nc+
4331.3,R>=0.76,P<0.01. 5% K B /N i, T g B A
Z TRl A 2 S BUR Y R 0 MeSO,M% 5 22 1%
Bk & KB 2 FF RRRT B LA = T A £ (HBEE
FEAKB RN EE, = F KPR A LR 2
PAzx R BR 3,75 W ER < R IR B A S i 12
K.

wiE 20)Fi~,pH EERBRKERXERA:
3=0.34lnx+5.55,R*=0.50,P<0.01.pH & & [ FH 55
TS RR, KD B FERRBKET
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Fig.1 Seasonal variations of ion concentration in Guiyang
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Fig.2 Relationships between total ion concentration, pH

and precipitation amount

2.4 FEEFRIESH
241 BEFHXMESN BT EERAAMU K
HuT#4Y SO, Ml NO, fE KAF 4% —Hk
JB,SO4E F1 NO; 1 % R I B B AR S, At
FHEXHNEFRMAXRECN 0.841GK 2),BH
REFBIHIR M. SO NMUERILH 5 NOy BH 1R
UF RO R A, 1B 5 SR PR N Ca® R Mg® B R EF
HIARSSME, B SO,2 ZE RSP EELL CaSO,
MgSO, HITERIFME Mg 5 SO A< Rtk
Ca”" 5 SO M, WK Me®' 5 SO %
EET Ca¥*MNH, 5 NO;y . SO I R
S350k 0.824 700,796, 0 NH, " X B Ry TRk
=L EYFREE . s HEM R A KR ]
B X E UL NH,NO; . (NHy),SO, Rl NH,HSO, K7
RFE AR R PEIR B T Na' F Cl HI A B,
X AT RE UL B KV AE B S iz shid B2 P, ClL 7 e
BRI T AR B TR B A e, B B R A
A] Bt X EAEEE (NH,),S0,+ NH,HSO,. CaSO,
LR

2008~2009 5% BH T B /K B T (A G HELL
7] — A ER R PR AR e B 2 X U i — R A A

KB RIERBNFN . URFLZ TR
.
242 BHERT KRAMFHIAPFHEELER

B(EF)R T #FEK P ou 3 R IR B WA AR
Na' e — k¥, R ESEN S E B FPm
Ca’ R BRI A TO R, o AN & 1 5 B0 IR it
AT LAFE g [ IR 22 B 1 0L T 8 B K
vh AR R AT R TR, DA NI Ca™* g g4 s
HEKIZ % & 7l T iAo SRR
CESY &
- X/N a+(rainwater)
X/Na" .,
ﬁqj: X %i/‘l_ﬁ’l%’%?m%%;Na+(minwater)%pé
JKH Na' B9 B Na e R K H Na IR EE.
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Table 2 Correlation coefficient among the major ions in precipitation
BT F cr NO; S0,2 Ca® K’ Mg* Na" NH;"
F 1
cr 0.067* 1
NO; 0.576* 0.051 1
S0’ 0.662** 0.049 0.841** 1
Ca®* 0.683"* 0.18** 0.705** 0.845™* 1
K" 0.119** 0.991** 0.119** 0.129™* 0.185** 1
Mg® 0.626™* 0.069" 0.792** 0.895** 0.769** 0.148%* 1
Na* 0.506** 0.067" 0.596** 0.702** 0.657** 0.141** 0.612** 1
NH,' 0.473*" 0.008 0.824** 0.796** 0.650** 0.077** 0.756** 0.482** 1

WEX) RQ)IHHEHMHIT Na'. ca®
MWEERBWR I IR.ELRBEKRT LE
REKPHEFHARMEN TFESEETHEE;
BERRBEDT 1L,RRBEAKSH ST H A
Xt -5 5 2 81 B R B .2008~2009 4F 1 BH T B&
K H ClHY EFscawater EL#E 7K &1 0.13,10 EF,q; i
AT LU ClRRBMEBEMEF.EEL
K H BTN BTER.NO; M SO M EFgeawater H
EFon BRI i T 1, M85 T g /KR 3B 48 2 &
B4, IR IE AT DL FEOK I NOs Fl SO, 48k
W4k B A RE R TIR.Ca® 1 K EFseawater
43510 299.09 At 34.59, Y BIIX 2 FhE
K B M MR B 53R BARITHS EFeon 209004
0.16 1 0.09, M %t F 1 3 ¥ # B Mg> i
EFseawater 0 6.57 F1 EFen & 0.11, ¢ B

243 WHrTER W AR Kk R HERKRER
BT R, KA BEZK P B 2 4 11 3 B SRIE AR K
Wit A HERACMAREST N T8
T RS A AN R UR A 2B R, AR SCE I R 1 4 3R
GBI (SSE). B A/LEXNCF). ARh

E S E A (ASF) AR X DTk :
SSF(%)= 100(Na rain )(X/Na )(sea) (3)
X
CF(%)= 100(Ca™;, )(X/Ca )(soil) 4)
X
ASF(%)=100 — SSF(%) — CF(%) (5)

RSP X ABEHHIE T
T4 KSHKPEETRERIERNFAKERH(%)

Table 4 Contribution of various sources to major ions in

2008~2009 4 5t fH i fFKH Mg™ BEA 3k 9 ¥ precipitation(%)
AR TR, K 1 I L9 0 R, s s NSSF
CF ASF
Cl 77.80 2.82 1938
F3 RERBKBEFHBENEKITENEERY NO; 0.0038 5.25 94.74
Table 3 Enrichment factor of ion concentrations in SO{ 0.63 130 9837
2 0.33 99.67
Guiyang precipitation relative to seawater and soil Ca}
K 2.89 97.11
TRH Cl NO;, 807 Ca¥ K Mg" Mg> 15.22 84.78
#APT 116 000002 012 0044 002 0115 #: SSF. NSSF. CF. ASFAHIERMEIR. . 2n/ 1%
2008~2009 £ Rk, AiE i el
149 053 19.12 1316 069 0.76 :
FEBE T PRk
EFguwar  1.29  26317.03 159.32 299.09 3459 6.57 -
seawater [n} I ~ =
A 0,003t 00021 00188 0504 0561 0.569 iR 4 ‘UL’ZOOS 2099‘35”_"'3}3?1?%7](* cl E
2008~2009 & 0.11 0.04 145 008 005 0.06 ALY T, 77.80% K R U8, 19.38% K 1 A o
WA ' ' ‘ ' ‘ B, EE 2.82%K H 55 A/ L HBRALNO; -
EFi 3548 1905 7713 016 009 0.1

SO.* . Ca™. K'HEAK E RAREIN AR A E
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Fig.3 Backward trajectory of air mass in different seasons

3.1 BtFH 2008 & 10 A 01 H~2009 4 9 H 30
H B KIACESY pH BN 4.23, /KR H.
SO BRIENHHE T, EPETFEEN 69.29%;
Ca®" FI NH, B X EMHE T2 SHET AR

] 47.10%F1 29.05%.
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