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Chemical Characteristics of 3-year Atmospheric Precipitation in Summer,

Taiyuan

GUO Xiao-fang' , CUI Yang', WANG Kai-yang' , HE Qiu-sheng'*, WANG Xin-ming’

(1. School of Environment and Safety, Taiyuan University of Science and Technology, Taiyuan 030024, China; 2. State Key Laboratory
of Organic Geochemistry, Guangzhou Institute of Geochemistry, Chinese Academy of Sciences, Guangzhou 510640, China)
Abstract: The chemical characteristics of the precipitation in Taiyuan in summer of 2011-2013 were investigated. The results showed
that the pH of precipitation varied from 4. 63 to 8. 02 with a volume-weighted mean of 5. 19. The frequency of acid rain was 37. 0% ,
31.2% and 17. 4% , respectively, in 2011-2013. SO~ and NO; were dominant anions in the precipitation, which accounted for
67.2% and 22.0% of the total anions, respectively. While Ca®* and NH, were dominant cations in the precipitation, which
accounted for 55. 1% and 29. 0% of the total cations, respectively. There were evident declining trends in the concentration of SO?~,
NO; , Ca®* and NH;" in the precipitation over the study period. The mean ratio of SO;~ to NO; in summer precipitation was 3. 02,
indicating that the acid rain was of sulfuric-nitrous mixed type, however, NO, was very important for the acidity of rain water.
Neutralization factors (NF) were calculated to show that Ca>* and NH," were the predominant neutralizers in rainwater samples, but
Mg** could also not be negligible. The correlation analysis revealed that coal combustion was the dominant source of chemical
composition of rainwater in summer of Taiyuan. The back trajectory analysis demonstrated that the air pollutants of Taiyuan were from
the local plants and the coal coking plants in the southern Taiyuan basin. However, to improve the air quality in this city, both
industrial emissions from thermal power plants and coal coking plants in Taiyuan basin need to be controlled.

Key words : Taiyuan; precipitation; chemical characteristics; neutralization factors; backward trajectory

UTAEAE , AATTx e K R A TR AT S 3 AN 3 5
RABEAKAFEA BB Z 2 ZER . KRR
I SUEEPEYNSREE 7N E S-S W N R e
SRR YR T R B Il A X 2 AT R A v e LA
L2 K i A R A I ) A S 2 T K A
LN A RS Qe AT AR AR DG, BE
W I R IR R AE B 5 Yk A 20 22
80 AT, [E NIRRT 2 AL TT i 1 ek ke
L URFIERI ST , 45 58 2 W [ R K vh R P s 1 ik

FEA R K U H R EER B F SO~ A NO; L iX
IR E AR E AR RS A G, BARIEER i)
T SO; . NO; . NH, Fil Ca’ " b 5t /K v %

s HEA: 2014-07-29; &ITHHR: 2014-09-23

E€UH: EXARFIAREETH (41172316,41401584 ) s FIZHEH
HRE T H (211026 ) 5 ILTPEA F AR R ST H
(2011021025-2,2014021035-2) 5 L1 PG 45 [] [ B4 2% A 5% BE
WFHLH (2011080) 5 K JFEBIE K245 F R FIT 3L 4 T3
H (20133004)

YEE R SBHE)7 (1984 ~ ) I3 Bl YR, = ZAF5E 07 10 R R T
BT ER L2 | E-mail ; x[-170@ 163. com

# TR R A, E-mail ; heqs@ tyust. edu. cn



2 1] SIE T ¢ I 3 AR KIS L K B LA BT 5 389

MBS ¥, F ¥ vk BE 43 i o 521 174 376 il 397
peq-L~',S0; ™ A1 NO, SRR 220 B iR 4 57
EHRFES T LT 2 4F R K AL 2R RRAE,
R FRATRAE 50% LA 1 Horr SO; | NO; 1 NH, 7€
Rk i 1 Bl g, 22 B il RS T ks
YereE. gl ER S RIE T U BH T K A Ak 4
B,S0;™ . NH, T Ca®* Rk i 20 B FH =,
Horp S03~ M NO; EZORIEF A WAL FEKIW
P2 4 AT 5 23 BRI HE AR R A T IR K rhok i
BP0 ORI PEIRAE BRI ST T A N
RHEIE Y 70% , SO, HETHCE 1) 85% , NO, HEJ &
1 67% ,CO, HEGERY 80% .

R S TR A T T, A A0S
Pl M E IR 22— LA RIEM IR Tk
S5 YB IR IBE  SEAT T TS 5 YRR I, 25
JEEAT BTl . 2012 4F 3255 YL sy il i A R4 Al
SO, UL 5 2010 4FAH L4 F R T 10. 1% Al
17.6% 0. {HF T H5 5k 0 b BE7 B A SR ERBE LU
KRR Tl 254 . REIRSS /% Z A I FE il 29, K
R EREE 25 A AT A T i s YK . BTN
SEUVRGE TR BRI R BRI PM, V5 YA, Sk
Kt JM L, B R, VISR T R B PM, 1T
Rk BEAH 1L, KT PM, (75 Yef > . Li 4501
A 3 AT T R R T ST H T (0 ~ 1500 m) KA H
SO, WHEEVLH A 5.6 ~40 pg-m ™, B KA FH K
WEEas [ i 24 h SEX{E —HARME(E 50 pg-m ™
(GB 3095-2012). kWi P RET 2013 47 ~11 H
KIETHTBEAK 4381 T Bk 16 FhOL# ) PAHs, 45
RUIWK > 16PAHs Yk 425 542 ng- L™, Hrhi
fip 15751 ng-L™", ORI 49 790 ng-L~", I
T AT K A HRAE K. oK G R 2Bk
TS Y T B R AR 2 — SR T H R R A R T
IR AR IE AT 28 S0 6 DG . KRR T A ) v
R REPE A, RN A S AR R A 70% 22
A, HORJFE 220 R K 52 U0 28 R AS0H R v <
IRHISE BN, PR, AR BRI BRI 3 4F KR 2
KoK AL A X 4, A oK R M LA Rk
SR B UE AR Sy KR Ak i R AR
NEPLE ALt

1 MRS

1.1 WS IX LA
KIET (111°30" ~113°09'E ,37°27' ~38°25'N)

LTI PG4 rp e TR A f b, R L b &R
TR N 1 LR 1 B S T W ol T S 1 e | =
MR BAEIE P90k 29 800 m. AT Sy HL7R iy
T KBRS AR YRk R 420 ~ 456 mm , H
1 70% FEMEET AR (6 ~8 ).
1.2 FEACRES T

SR p b A TR JFT A P AL, SRR AR R AR
JEUR A2 BB B TH 85 17 75 5 24 30 m, J&] Bl
BCTFRE A BB R 5 e 8, UL 1. R R 4
SRR IR E FARUE GB 13580. 2- 1992 ( KA &k
FER R AR SIRAE) B HAT. SRAEAH ] UNS130/E
R K B2 A 3l RAEEAL (Eigenbrodt) . SRS ) T
SRR B K 9 3R 08 SRDRAE B UCRFERT 4 25
BT KI5, bk G K FE 5L Z 275 Y. 7E 2011
~2013 4F  BH4F 6 ~ 8 H REREK, HLILE 66 %
7K (2011 4F 27 17,2012 4F 16 35,2013 4F 23 3) , 3K
5 66 1 FEAKKE .

B

N

>z

e 45l
x| RIERHER AR AR

3830° |-

3787 |

inl‘;{é'lil' Hp
37.41° |- ] l;// | .
T
¥ A
Q Keqi
\/_—_k 0 20 40km
it | —t
111.87° 112.49° E

B1 EEARE
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Table 1 VWM pH and VWM concentrations of ions in precipitations in summer of Taiyuan 2011-2013 and some major Chinese cities/ peq-L ™'
b IX ok T 24 pH F- cl- NO;  SO;~  Ca’* K* Mg?*  Na* NH,; S0}~ /NO;y
NG 2011 ~2013 4FH Z= 5.19 15.8 31.0 99.2  299.2  264.9 10.5 42.2 22.4 140.9 3.0
g 2009 4EH 2 4. 68 42.6 48.1 102.5 39.3 4.5 9.6 11.3 97.9 2.1
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EAE R, ke | IS A A b S5 R R R
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ZUFES BN, Na® 5 C1- 2332 A M fiE
TR ) 5 ).
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Table 2 Correlation coefficients among ionic constituents in precipitation in summer of Taiyuan 2011-2013

Na* K* Mg?* NH,f Ca®* F- cl- NO; S03-
Na* 1
K* 0.572* 1
Mg?* 0.948 ** 0. 688 ** 1
NH; 0.734 ™ 0. 603 ** 0. 764 ** 1
Ca®* 0. 847 0.632* 0.925* 0. 788 ** 1
F- 0. 658 ** 0.719 ** 0.743 ** 0.607 ** 0.722* 1
Cl- 0.513* 0.235 0. 404 * 0.516* 0.317* 0.384 ™ 1
NO; 0.799 ** 0. 625 * 0.892 * 0.851* 0.955* 0.682* 0.318 * 1
S03- 0.816 ** 0.537* 0. 889 ** 0.772* 0.951* 0.635™ 0.230 0.951* 1
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Table 3 The pH value and ionic concentrations of precipitation samples with air masses from four typical transport pathways in Taiyuan

= ke U F%/F{E?& [ TR ol SO;~ ) NO; ] Ca* ] NH; 7
K /mm /peq-L! /peq-L ! /peq- L /peq-L!

i) 40 246.5 5.15 285.6 90.0 246.9 131. 4

/N 17 103.6 5.27 346. 3 127.2 283.7 166. 8

At 4 34.0 5.18 202. 1 44. 4 180. 8 69.5

[iiiE]4 5 9.1 5.40 494. 1 234. 1 637.3 226.8
FERTFHFF[]]. HEER2E, 2006, 27(10) ; 1998-2002.
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