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Main Chemical Components in Atmospherlc Prec1p1tat10n ,and Thelr Sources-in Xl an

ZHOUDong' >, HUANG Zhi-pu', LI Si-min' | WANG Sen'#2" MU Zhen-chuan®* , XIONG Xiageho® FENG Xue’ »
(L. Key Lahoratory of Smfa('e Ptoceise% and Env1r0nmental Caﬂyu\g{;pa( ity Shaanm Provincial, College of Utban and Environmental Sciences, Northwestern Unlverqlly_,
Xi’an 710127, Chma, 2. State Key Lahoratory of LOCSb and Qualernary Geohﬁg) , Institute of Earth Envnonrg@pt, Chmese,Alcadem) of Sciences, Xian*710061,"China;
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Changs,and Comprehensive:Management in Guanzhong Plain, Xi’an710061, Chinaj 5. Institute of Earth Environment Innovation in Xi'an, Xi'an 710061, China)
Abstract; In ordef tofinderstandsthe current status of main ¢hemical Jc‘bmpone'rit-s: g_f-aﬁ'rllospheric precipitation in Xi’an, the pH, electrical conductivity, mass concentration of
water-goluble ions and heayy metals, wet deposition fluxes, and their soufees “in precipitation samples in urban and suburban areas of Xi'an in 2019 were studied. The results
showed that'the pH, conductivity, water-soluble ions, and heavy metals in precipitation in Xi’an in winter were higher than those in other seasons. The main water-soluble ions
in precipitailion were Ca®*, NH,;”, SO2™, and NO;, and the sum of these ions accounted for (88.5% +2.8)% of the total ion concentration in urban and suburban areas.
The main heavy metals were Zn, Fe, and Zn and Mn; their sum accounted for (54.0% +3)% and (47.0% +8)% of the total metal concentration. The wet deposition
fluxes of water-soluble fons in precipitation in urban and suburban areas were (253.2 £58.4) mg+(m*-month) =" and (241.9 £61. 1) mg+(m* -month) =" respectively.
They showed higher values in winter than those in other seasons. The wet deposition fluxes of heavy metals were (86.2 £37.5) mg+(m” +month) =" and (88.1+37.4)
mg+(m” +month) ~", respectively, with little seasonal difference. The source analysis using PMF showed that the water-soluble ions in urban and suburban precipitation
mainly came from combustion sources (57.5% and 32.32% ), followed by motor vehicles (24.4% and 17.2%) and dust sources (18.1% and 27.0% ). The ions in
suburban precipitation were also affected by local agriculture (11.1% ). Heavy metals in precipitation in urban and suburban areas mainly came from industrial sources
(51.8% and 46.7% ) , and the contribution rate of coal and motor vehicle mixed sources in winter was 10. 7% and 6. 1% higher than that in summer, respectively.
Key words: atmospheric precipitation; water-soluble ion; metal; PMF model; wet deposition flux; sources analysis
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Fig. 1 Monthly variation of pH and electrical conductivity

of atmospheric precipitation in Xi’an in 2019

PUmimiX N 2 ~7 A KA pH —E AT
TFRERPIRES 7 ~12 A pH HAL T LT ka3 iRk
X, KA pH [ETE 2 ~9 J 4b T8 M Fa e mak
A, 00 AJTHA, K () pH B T 46 T 5. P g /K
pH YI{E AR IR B A R0 5 T8 BRI RHE, 4T
FCRE PR AT AT LA WA, — 7 T -5 7 28 T 55 1 1
A AN PRI R F T KT B, AR KA



6

SR AR PE T R AR Y S A 220 53 B HOR IR

3145

FEPEN LR L, REKAZEREK pH H 5
FHEZEN; 5— i, 2 WNE T gD
B2 KRS Ca*t FNH, SR 2+ 1 i
FEAE B, A ZE K /D W B R 3, 3K
i 2 ZEREK I pH (B R T B Z 7. AR5 K pH
(6. 71) W& T AT 452 (pH 5. 86) Fi1 H iy 2512
(FHEZ.pH 5.83 ~5.85) IIWFFT 45, X ] g Hir
ARG 2T A R R I s A G
F5 R HE B S B K B U B RN, Al
R YRR W E B bR 2 —7. 2019 4FE P
T X SR KA KB SRR K (E 1),
T X B9 ShE N 5. 66 ~225. 60 pS-em ™" B K
(63.12 £63.94) pS-em™'; RFIX N 9.46 ~ 260. 27
pS-em ' HAfE IR (53. 85 £54.49) pS-em ', HIH
A S e T I R /K R S5 o B L G K ) -5 v TR
(15.9 pS-cm ") T X FRBIX [ K A L S R 3
fEAEA 2 (222. 8 pSeem ™ 1 185. 7 pS+em ™) B,
TEE Z 51K (36. 6 pS+cm ™' A133.9 uS-cnl_]FfiiéS
FWMX K THAKR R FREEFTRE(P <
0.05). F1#i%" 2°foﬂﬁﬁﬁijtmﬁk7k%%$éﬁﬁfm
mmﬁneﬁ%w%ﬁ Al SR £
ﬁUYﬁﬁﬁl jﬁﬁmlﬁﬁﬁ“ﬂﬁﬁ?
ﬁ%?@?kiﬁﬂfi%ﬁ:%m*%?é@
JER Wk BT W T 29 60.6% (BIUS 175.5

wed L) 5 ﬁﬁ%%ﬂﬁkéwmﬁgﬁifx

W%V%ﬂ“',
2.2 ﬁﬁﬁkmwm$mfﬁ%¥ﬁmmw i
/\*ﬁ

VY22 T T DCORIARR DR AR K oK s 5 19 H
AR AN L 2. T X R KR i A B VR BE A T 206. 79
~1768.76 peq-L ™", ¥I{EHH 778.90 peq-L~"; XBIX
Rk BB T Y B A T 149. 68 ~ 1905, 94 peq-L™
HIMEHN 631,02 peq-L~". THIX 5B X BT ik

- Mg K
- EE NO;y

EE Na* NH;* H Ca™
Cl” HE NO; S04
| ]

(a) WX

2000

1 600

(=]
=

Pk At /mm

1200

BT ik peq L
o0
=
=

400

FEAHZEA K AR B FURIE A 24k 5y .35 T IXFH
B E RK/N N Ca® >NH >K* >Na® >Mg’ ",
BB FHEE K/ RS0, >NO; >NO, >Cl” >F
FRIX BHES FHEER/NA: Ca®" >NH >Na™ >K* >
Mgt BB Pk E R/N R :S0;~ >NO; >Cl™ >NO,
>F . P X SRR FEK T EEE Tl Ca® |
NH, . SO~ 1 NO; , EA1HHe Zﬂ%ﬂ/\%‘ulﬁﬁic'ﬁ
RBIX S T MR () 87. 3% M1 89. 3%, iX 5% LT
S5V 2 T K P R I 9 4 SR — B oK
Ca™* 7 HLECR(35.12% ) , EER A TEF TR,
HEHARM KA NH, FERIET S
YIRLIE Al AR AL T HE ). e b b
M ET52 731. 3 km®(409.7 JiE) 2 A 4
TR FH R OB - 24 )t 1 ik 366. 3 ke hm_;_?.-;-ﬁéti&
@IL%RHEB@FHEquﬁj‘:’ 327.0 kg- - him ™ 5 ﬁﬂfﬁjﬁ;ﬂé
77 868.5 kg+hm 27! A i 4fi ) F‘ﬁizﬁi[f%ﬂ@lﬂ )
NH,” 7§ ﬂéﬁ?ﬂcﬂl’iﬂqﬁﬁﬁfﬁiﬁiﬂﬁ N}sf LR
=y SO A NOs el B T R Y %Jﬂljﬁ
Y NH, ﬁi %I%J(EP WA NH™ 2505
ﬁ@ﬁm%m¢%%f mkl_%¢l%Aﬁf
TR /KR B TR AR R AR ) EE
R 4 A L RE Y e, 1A o e
AT B0 Rt 2019 4F 7% 7 4 A L
T S R T R | o R R RS A
dTRBURTH %19 95. 6% ; b, AT REILL b Tl
BB 73.7% . NO; FESRETHRAERSMN
HEk, P 4e 1t 2019 AE 2L 42 A & 359.42 1
1 FAERIE K T 12. 3% ) 3T RE R A K
HONO, 1Y FEZRTE. MBS REE LoRA , PUL i
X5 %8 XA R AR K M 8 ke B I st i) 30 B 4
. VYR T XFIARR X AR 7K I 8 B v B K/
YR AT S>HES>HE>HFEF HEREE(P<

. OBK

-1 32
2000

I 600

1200

B ueg-L!
i A At /mm

-]
=
(=}

400

2 BERMTHERMBEEAPEFHAZH

Fig. 2 Monthly variation in ions in atmosphericprecipitation in urban and suburban areas of Xi’an
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Fig. 3 Wet deposition fluxes of water-soluble ions in atmospheric precipitation in urban and suburban areas of Xi’an
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Fig. 4 Source analysis and factor contribution rate of water-soluble ions in urban and suburban areas of Xi’an
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Fig. 5 Monthly variation in heavy metals in atmospheric precipitation in urban and suburban areas of Xi’an
PELTH I IXOR TR PG R RIRE EIEE WA, i X oK 6w IR DO R B

J510.7 ~165.4 mg+(m’-month) ' (& 6), 4E ¥ {H
H(86.2 +37. 5)mg-(m2°month) U RBIX 4 R

UUREIE BT IR 39. 1 ~ 145.6 mg- (m® -month) ',
AERE J9 (88. 1 £37.4) mg+ (m?-month) ~'. WX 5
RBIX B K T 42 Zn I Fe P78 5t 0 o 12
FHEHE SRR . 17X 5% BT:jCRF%KEF---
R agﬂijz{ﬁiqtafm 9 45 /,anf%”

16574 | mg(m ~month) ™' F 45,6
mg- (m ~month) 1- 12 H?"]BXM'EE{E ,ﬁ'.ﬁuﬂ]j‘? lﬁ 7
mg* (m month) ﬁ39 1 mg- (m Iﬁonth)l ,}'\}\5"< ,
180 - .
wol (a) i X B s BN Cd [
[ 1Fe [ Pb
140 - = Mn [ Zn
e [ Ni
5 120
5 100 =0 = _—
% so [ [ [/ =5 =
= o0 T = = =
}‘g =k 1
40 [+ I =
20 [ E%
0 =
4 s 1011 12

Aty

FRZE[(282.5 = 50. 4) mg - (m’ *month)) - L) >E§
[(245.5 + 17.0) lmg- (m®-month) - ‘]ﬂ,&* k7
[(220.3 = 44{;@) mg: (m”-month) ~' > %é
[(199.4 2/ 6) mg- (n1|2 month ) ~ l]E"Ji —fﬁf
)&Igl:,gé[(255 237, 7) mg-(m’ monthl_ jﬂ

E*Eiﬁﬂmﬁkﬁi[(%ﬂ 30.1)
mg- (m’ mbn,t’h)" ?ﬁ(é [ (234. 6 47/ 8_-)
mg- (m®-mgnth) T’ %yﬁ* [(225(7 S 19

mg+ (m’ - monfri) ﬁl"/\ﬁﬁ?ﬂk/}w& iﬂ’]ﬁ
xﬂ?rﬁﬁ%ﬁiﬂﬁﬂﬁlgwuﬂ.

180

s

(b) ZBX

160

140 |- 1
5 120 - ]
g —
Eoo - L ]
£ =
W 80 | ™ — =
= 60 fb — =
= | |

40 [

l [
[
HIN
|
A
Hin
1D

Bl6 ARTHERISMBEASKAFEENBIFES

Fig. 6 Wet deposition fluxes of heavy metals in air and atmospheric precipitation in urban and suburban areas of Xi’an
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Fig. 7 Source analysis and factor contributions of heavy metals in the urban area and suburban areas in Xi’an
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