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Chemical characteristics and source apportionment of atmospheric
precipitation in Urumgqi City

ABUDUREHEMAN Saimaiti * WANG Tao ZHANG Jianzhong BAI Xue

JIANG Huan YUSUFUJIANG Nazilamu
(Urumgi Environmental Monitoring Center Station, Urumgi, 830011, China)

Abstract To investigate the characteristics and sources of chemical compositions of precipitation in
the Midong district of Urumgqi, the concentration and sources of major ions in the precipitation
collected during the period from 2017 to 2019 were analyzed. The results showed that the annual
weighted mean pH of precipitation was 7.95, and the annual weighted mean conductivity of
precipitation was 16.15 mS-m™'. The variation range of total ion concentrations in precipitation was
72.75—95.89 ueq'L!, with the annual weighted average concentrations of 81.93 peq-L™". The
weighted mean concentration of precipitation components followed the order SO} >Ca*>Cl >Na™
NO;>NH;>K">Mg*>F", the highest contents of anion and cation was SO; ( 29.01 peq'L™") and
Ca® ( 2191 peq-L™') , the contribution of total ion concentration was 35.41% and 26.74%,
respectively. The order of concentration of total ions was winter>summer>autumn>spring. The mean
ratio of the SO} /NO; was 7.51, and the ratio of NO; had increased year by year, which indicated that
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precipitation of Urumqi City belonged to sulfuric acid, and might gradually evolve from a sulfuric
acid to nitric acid type. The significant correlation among Ca**, Mg®, Na", Cl', SO} and NO;
indicated their similar sources or the formation of compounds with them. Ca> was preferentially
combined with SO;". NO; in the atmosphere, and the contribution of Ca** to the acid neutralization
of rainwater was greater than NH,, indicated that the chemical compositions of precipitation were
mainly existed in the form of CaSO, and Ca(NOj3),.

Keywords Urumgqi, atmospheric precipitation, chemical composition, source appointment.
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AR SN M) PR AR 7K < R 1 A D o A b T R K A 2 2 RS SRR 23 A i AR R K
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1 MEYE i (Materials and methods)

1.1 5T X AT

KR XA T L& ARFFHARILRE, HFHARFR Ay (43°44'—45°31'N, 87°06'—88°80'E ), 1% 1 X i 1 &
ARFEHTHLOIRIX 20 km, T8 B TEEVE, T8 WA R Bl PR, 4R H BRI 4 2400—3000 h, 45 = il >38 C,
B ARATR—20 C 47, AF R K B 260 mm.
1.2 FEACREE

ARSI R 5 TR AR X M S5 (43°96°89"N, 87°62°01"E ) FIIK 25 X 4k | 14 2445 (43°95795 "N,
87°74°66"E) M0, IF 25 Hb AT 2 15 m. SRAY i JAl Bl 25 W | ]300 T ves R A SRR B WY S 7 R U, ot R A K
AYHT TR AR B O R AKAE T SR 42 SR ) (GB13580.2—1992) | (BRI Wi+ AR FIIE Y (HI/T 165—
2004) AT, BRUCRAETTIE A R IK RN 258 7K W VR AEA . A/ T 1T R 1A s e, B U B 7K O 46 i Hy
KRR CEAERAF S, K Z5 PR 2 h PURRERE S IOR AR BB . 2 W (7)) ok, BRUCR AR K (1 4 it
FEEE S, MK T 24 hink, % E24F 9: 00 =R H 9: 00 fYFFEK AL 1 ASFEAKRE S #5 1 d A LR R
(), WA R 1 ARES. B Z BTG 58, JF R AHE SRR S50 FEA BRI SE 86 2= 5, BGE AR bR
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FHAE 48 =X 22 2 80K 543 B A (5 [ WTW, Multi 3630IDS) 43 5113 5 H1, 5 % (GB/T 13580.3—92) K&
pH {H (GB/T 13580.4—92), A&x FFESHZE 0.45 pm P8R U8, B U8 5 MR GRS B UG 0 R 0% ¥R
R, BT 3—5 C UKFE T ORAE, T T2 5 o
1.3 FES AT 5 a4 il

K W66 (5 [ HE 42, Zeenit 700P) il 5% FHES P A9 K, Na®, Ca> K Mg> ¥ /% (GB/T
13580.12—92, GB/T 13580.13—92), >R JH & F 3% A% (3 F 3 %, I1CS 1600) M & B &5 ¥ iy F-. CI,
NO; & SO #¢ & (GB/T 13580.5—92), >R 4 FG a5 0 B vk I e KR /K h I NH (GB/T 13580.11—
92). Fy &b, i FAE AR IREE T AR ERE S I 5 T B AL A A oA A o A T O B A L, B ORE S o B 2
FE 2 AN E A M, A H SR T M0 E 7 kA R AU 10% 517 5080 = SE AT, EAT
FE B BRHE I 22 259/ T 10%, HTZR 2 PE A 5 R B T 0.999. 5 B ih £ v (] v B A 1 Ay Joit et 42 T A o
B 10 ANEESINGE 10, A A g s AT iR e v, RO AR il 45 5 A0 v . RF S DR 7R 12 8 R 55 T 2R
S5 W) v 3k AT S B B HEAT, A0 A Ak AR 0 R 1 B B LA 2R S AE SR AT L 9 1:3 RS ERIIR TR
24 h UL JF HZR K N 4liK ki 5 M4 B 2 B ik 72 vb e 00 1 £k 2 35000 389 Ry 43 B i, 5236 K
SRR Al K. BEK o BB UK Pearson AHSE 43 AT i Origin 8.0 11 -4 4]
1.4

Z 26 E AR 38 (US EPA) I RIE ™), B BT R A KA K i B T 8 7. G BH B -k B 22 1 2
ZVEE: B TR EEAE 50—100 peq L' Bl 30%—60%, BB T-HE>100 ueq- L' BN 15%—30%. %
HERR T JIr SR 4R (AT ROK FESEAT R A, X 3 4F PN T AT A3 BB /K AR A7 5 0 -k B L FH 8 7 Wk 3 1
A 2R 53 BT, MR A8 191 U 5 8 L K% A 5 28 50 W im0 114 ek Kk L S ) T 4 . AR IR 5 9T A /KRR 1) 5 B
T P R B TR [n1 05 O AR AR OG 2R AR SR AN 1 TR, 3 AR TA], B BHES Tk 44 S B M AR £
PEXFR (R e {H 0.979, BN 0.846), R L& AFFHTIKAR X 2017—2019 4B BH &£ &5 B2 AH
X 2017 451 H 2 2019 4 12 A B8 ARFFT KR X A FEIKCR A SRR XA SR AR AR Xk 782
REER W B R 7K 53 3. ARHEAE S BRBRAE, T B K SR AR A A ORE 43 3R 49 S 47 A
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Fig.1 Relationships between total cations and anions over the past three years in Midong district of Urumgqi
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2 ZEE 54718 (Results and discussion)

2.1 %7K pH & EC

HI% 1 AT, SRAEHAIR SRR B T S INECT- pH {Eh 7.56—8.40, 4F34{Ey 7.95, pH {H 2B EREMIT
JEt RS FE IR SR KA R R RAR /3 S50, pH>S.6 IR KA S AR A R v i 5, AT
K. ARBFFE R, KEE pHAE K T 5.6, I, A 2%t 2k 3B 0 G % . ML & K 55 T HA 4R 6y
(1997—2009 4F ) K FF/K pH A WIS 02~ 131 ARBFSE AR AR/ pH A B2 _ETHEa S, Bl ok Ao
i, KA K ER A ) B e Bt . 5 HAIR T A L, 5T X pH 3E 4 HE AR T v, AnvRII (pH 1H
5.0 Jb5t(pH A 6.79) | KHE(pH A 5.58)1 F1_1-(pH BI{E 4.81)0

F 1 BEARFOKRARX 34EKEAKTE IS T . pH, EC, Mk ik

Table 1 The annual weighted mean total ion concentrations, pH, EC and amount of precipitation over the past three years in
Midong district of Urumgqi

A [ 7K f/mm H SR/ (mS'm™) T R38BTk B/ (peq L)
Year Rainfall Conductivity Rainfall volume weighted mean values for total ions
2017 338.20 8.40 14.70 77.53
2018 293.57 7.56 16.71 80.02
2019 356.11 7.88 17.04 88.24
Gl 329.29 7.95 16.15 81.93

L5 38 pH 2 R AR K A R R A 2575 B e, vl 3 38 (B A v 3R I AR K v 4% 285 - 1 ok B A
XA . AFFE R, B IA F TR A28 IE A 14.70—17.04 mS-m™ Z[H], 4F3{H°N 16.15 mS'm ™,
e TR I A KR St U BL HLOG I B K B e S 32 (1,48 mS mY) .l 3R 1 WAL, HL R 5 BV 1k
A B, BB A N B 5 TS A LY, BEK H S 3R B R AR, U RS
TR G 52 AT P AR Al 4. 33X 5 S b B AS WA B ™ 2548 . Pl A sy, DA 2012 4FFF 46 52 itk
LR TR 2014 AR TR BRI < bR 424 R IR ORI T AR BUEAH .

22 KRAKEKEFHMR

X 2017—2019 4 56 AR F5 1 K AR X K 198 7 2 R it 47 20 B, 45 21 3222 85 1 09 W & I BT 39
JE. AR 2 AT, SEORSE TR X 3 4R AT 1 8 8 W Bl 72.75—95.89 peq L, 4AF 4k
JE4 81.93 peq- L. BB F RN I IACT- B BE R, BE ARSI IXGE 3 R0 KA K E T G Rk
(M BE<100 peq-L™"). 5 IR E H A IR AR L (% 3), AR (144.08 peq-L ™)™, JL 57 (1078 peq'L™HP, K
H(1363 peq L) FI_L i (455.65 peq L ™! 45, BB R S5 T K AR IX R B Uk BEAIR T4 [ R ER 7 X

R 2 LEAFFIRAR XK 3258 5 BT B ACE S (neq L)

Table 2 The weighted mean concentrations of major ions in precipitation in Midong district of Urumgqi(peq-L™)

4EA Year Noj NO3 F cr NH; Ca* Mg Na* K
2017 34.40 2.87 0.62 6.37 3.78 21.14 1.57 5.67 111
2018 26.92 453 0.56 14.05 2.51 17.07 1.65 9.97 2.76
2019 25.71 5.57 0.66 7.96 2.48 27.52 2.54 1278 3.02

FEE 29.01 432 0.61 9.46 2.92 21.91 1.92 9.47 230

18R S5 KR X KSR BB 7% HEIF SO >CI>NO>F, SO il Cl e fiw 3 % 1 [ &5
+, HREMACE A5 5012 29.01, 9.46 peq L, 7351 o5 BB 7 B B 1Y 66.83% Fl 21.79%. FHES 5k &
HEF ol Ca*>Na>NHj>K™>Mg*, Ca®J& F 219 FHES -, Na 2 R B FH =, 1 & (14 TR 3 i AT 3446 4350
9 21.91, 9.47 peq L™, 23 5115 FHES T MY 56.87% il 24.59%. 158 K317 K 45 X RS K b F 88
THPEHEF M SO >Ca>Cl >Na">NO;>NH;>K'>Mg*>F ", T8 5 7SO, Ca® % i 8 74 FF (1) 5Tk 73 51
H 35.41%. 26.74%. 3¢ 3 W RAE I [A] K 5511 K IR X K 45 128 1 MR 5 3 ) HLAth 3 vl A B & B,
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RS X WK B TR IR | 3 B2 5 LA TIT i A7 22 5. SOF . Ca®*, NOSINHE: LA T Ak 1y
FEE T, Ca*' NHpZRE/K b & B B0R 10 B 12043, SO FINOJ2 & i 8 e Y B B 14 7). Ca* il fig
SRR [ i A R K S T AR TR, SO 2Ok A Tl s SRR RS, — FH W BT AR Tt K
FEO NS AE SRR IR, X T BE S IR AL ERR L S A A R AURURL Y T BT AR S B RS
CHREUCR TR A2 S0 L B R R RE I U B B0 P A7 A S DI OG AR NHG B 2 200k A Ae A okt
BRBE LA R T HERCA 56, NOS AT RE T2k A AN sl Tolk I HERL . MLsh 4R 5, — iz
TE AR T ERYNG L mr R, b 45 L Tkl X, 7] BRI A A i X B A4 ST AL R AR | AR 1Y
N 3 R e 3 3E T HL A HE 09 AU AR A O, SRR, 45 G AR K pH,L LA T 37T 12 T 75 Y ] it
B G ARSI .
R3 LEARFIRIRIX K 88 715 F 1 A b DX b A
Table 3 Comparison of main ions of precipitation in Midong district of Urumqi with other cities in China
R A4 B B T B/ (neq-L™)

X g B Rainfall volume weighted mean values for total ions

Area Research time S Oi, NO; F cr NHZ Ca®* Mg Na' K
&R 2017—2019 29.01 432 0.61 9.46 2.92 2191 1.92 9.47 2.30
YIS 2010—2017 27.82 21.16 1.15 19.01 26.63 16.16 473 15.49 2.40
PNE 2013 380 185 19 79 198 403 51 34 14
e 1997—2010 319 114 15.2 47.2 221 255 56.4 28.5 21.7
g 2014—2015 92.7 46.14 20.4 66.7 543 113 21.9 29.7 10.81

23 BEKEFENL

¥I3IAES Al hEE, 6 AR 8 Al vEZ, 9 HE 11 AXlw Wik, 12 A 284 2 A0
H AT, FERFEI N KA K B PR AT ST, a5 R aniEl 2 figk 4 FioR. N1 1A, 2017—
2019 4F 3 4R B8 R FF KR AR IXURL B VR B3 Ry 48 >3 ZE >Rk B >45 28, 1 R /K B R/ NI Ay ik 2>
IS S A AR B U B O 5 R BR R R TS e W T, b 4 2 R B I R R
A ZERIL BN ZE A RS R 38 I DL R Ak T A HEGS e . 534, &R BoK AT D L RREREFRL
s T 23 SR A RIS e T W R BB RIS YR . R R N £, mIRUE TR
TG Y, (AR K A R FH SN B, 2 K B v R IR
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Fig.2 Month variation of concentration of total ions in precipitation
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Table 4 Statistical analysis of ion concentration and amount of precipitation in each season over the past 3 years in midong

district of Urumqi

Z=957 Season [k & /mm Rainfall

-4 7K B /mm Mean rainfall

BFHE/ (neq-L™") Concentration

A7 201.40
HFE 287.80
B 132.71
e 356.57

67.13
95.93
44.24
118.86

803.69
290.59
618.38
424.81
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Fig.3 Seasonal variation of major ion concentration in precipitation over the past 3 years in Midong district of Urumqi
2.4 [EMIEBZAE S SR PRI T

[SOZ1/[NO;] # FH 2K X1l 43 iR W 25 20 F R 7K R AL 2 2 2 [SO21/[NO;1>3.0, 2 7R B 7K Ay i 1R 250 i Jok
%5 0.5<[SO; /[NO31<3.0, KRB K J iR A 1 [SO;1/[NO;I<0.5, 27 B /K Sy il i A0 sl A i 28090, ply 3
AL, ASBE ST, [SOTV/INOS] Y HUAE IS F A T 4.62—11.99 Z [H], 4E e B2 LUAE O 7.51, HZ LW EHA
AR 1 AR AG Y, RSO X R /K BR AR B ST R AZ M T B, TINOSXT B /K R AL B BTk 3B 4F 1T, B
TR R AR S BT SR D IR 1Y, LB AT 38 205 [ I T 2 28 ) 5 g G 5 e Tl LA Sk i ) L, 28551 L
6. H13E 6 FIAL ?ﬁ@ﬁf&%ﬁﬁﬁ%ﬁﬁﬁ‘]@ﬁ%%ﬂﬁ(ﬁ%%ﬂ, HA T [SOV/[NO;] 5 & A5 A
AT, B 58 ARSI '3Eﬂﬁﬂiﬁﬁ7ﬁ%ﬁﬁ$lﬁlé’] S5 AWESE [SOFVINOS] BB A 5 BEAE /N i
%ﬂ?i,/ﬁ\ﬁ_fﬁﬁﬁljﬁ%ﬁﬁ/\ TEIR R, E*XC@%%_ H AL TN, NATTRSFREE A7 (18 25K
R, 2% TP IEJJT“?JD%% 5 G [R] INF, “ARER =0 T AR B AR 5 S it LA R R AR I B i ¢
izfT Exﬁlﬁ“ﬁ%? '%ﬁ'/l\itﬁ?ﬂﬁ SO, HRHCE: . L AT AEJE Hh T T 4F 2R 1 B AR5 ML 8l 45 OfA Pl 3
KFEHNO, HEBC RN, B2, — 5 SO, WHFHUE 7EFEAR; 55 —J7 T, NO, HYHE i I BAT PR =
TETV . PTG , B K Ty [SOL1/INOS fELZAFFEAIR.

RS LEARFFIKRAR XA B R 1 ACE K B2 (A A 4F P s AL 1

Table 5 Annual variation of the mean ratio of cations and anions concentrations in precipitation in Midong district of Urumgqi

from 2017 to 2019
20174F: 20184F: 20194F:

S03"/NO3 11.99 5.94 4.62
Ca®/NH; 5.59 6.80 11.10

(SO +NO3)/ (Ca*+NH}) 1.50 161 1.04
Ca™/(S03™+NO3) 0.57 0.54 0.88
NH;/(SO2™+NO3) 0.10 0.08 0.08
Mg>/(SO3~+NO3) 0.04 0.05 0.08

&6 FRIEHR MK 05 /NOs L

Table 6 Comparisons of SO3/NO3 of precipitation in Urumgqi City with other cities in China

5 H Ttem L8RS (AH5%) Y| Kol Jbe gt
) Urumgqi Shenzhen Tianjin Beijing Shanghai
BT [a] 2017—20194F 2010—20174E 20134 1997—20104F 2014—20154E

SOZ'/NO; 7.51 1.31 2.10 2.80 2.26
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A 8 T AR K T 38 ) PP R AT LGE S R b R 7 (NF) SR EAT T3, NF (HBOKR, R ITZ & 1
xRk BT R R AR TBOR. H R I A (D) FR:
NE(X) = [X]/(ISO31+[NO;3]) (D

Ao, NFX) R R -, [X] it 25 1 vk B g SR L3 5.

H 28 5 AN, EZEEHE -, Ca 5 B MBS (SO +NO; ) [V B Fb Al e iy HLZE 2L 3 A 2 3
Fa g T, B RS A RRPEY) Bt 22 R BH B Ca> #E AT rR AL, B Ca® 78 RS 43 v i L)
AT, Ca¥ EER [ 4 T8 B4 20 KR HUME T T AF R, KA DXIR T A R R sk, e 900t 1006 2 34
AR I T RO (B2 . e XU A R SR A4 ) B4 IS5 S0AT 40 R 7 s o PO VR 2, 3ol = T il 2 K
Ao, TIAE R Y Ca® Wk BER . 5340, FEK b ([SOF T+HINOS]/A([Ca J/[NH;]) % A4 5 BRI 3, 33
WIFEAE B A3 Z2 B PE 4 o2 rh AR K i R YE ) 5T, (B 22 3 AR T 1, U R PR 2 53 2 R Pk
57, FAREAK PA R 2 R Lo T AR TP . IR 45 R 5 38 2 TRtk B su ks 8 — 3K
2.5 EEPIPHE FAH AT

B K T 25 B8 - B AR DG A s, R B R OC 85 - T 8 HL AT AR [ A R sl 3 BT AR B AE G R Y. oy
T I B AR T TR AR X R K b & 8 - 22 B] 8 PN A SRIBE M FIOR R, X AR 2 28 1 B AT A DG 1 43
Br. e 7 al L, 5 R ES T, SO 5 Ca? 1 AH M B i (7=0.93) , LR J& 5 Na'(1=0.65), KIS0, £
Ph CaSO, WL AFTE, 4 B LA Na,SO, 1L XAF1E; NOJ S Ca? M CPE WAL 5 (7=0.82) , K HINO; F 2L
Ca(NO»), BITERAFAE. SO 5NOAFAE i E M 56 (7=0.88) , T — FAYHTIRIL &) SO, Al NO, 7EfF/K
T LA AR R OR TR, iR R Tk S AW ik be 4 N A U8 sl 3 AR (LA Ak 27 2t . 55
4h, 8075 Ca”(1=0.93) . NO;5 Ca*(r=0.82) [ 4k P AH OC 2 W] 12 K T SO; 5 NH;(7=0.17) . NO; 5
NH; (7=0.26) , 5t B 68 K 55T KRR A AR B 1 Ca? X BURR BH 17 SO% . NOS I AR I T g
KFNH;, 56 B F1E KA FEK Al fE 352 CaSO, Fil Ca(NO,), PiFh b & ¥ I X AFTE. X S HF5e )
[i] T SR A 9 KR KRR i [Ca® J/[NH (B A 1S i HF-3{E Ik 7.83 AHAT.

KT SEARFHKRAKX 3 4FERTGEAK & BTN

Table 7 Correlation analysis of major ions in precipitation in Midong district of Urumgqi from 2017 to 2019

Nejn NO3 F cr NH; Ca* Mg** Na® K'
Nora 1 0.88 0.29 0.77 0.17 0.93 043 0.65 0.47
NO3 1 0.24 0.54 0.26 0.82 0.30 0.55 0.40
F 1 0.32 0.27 0.35 0.65 0.19 051
cr 1 0.01 0.74 0.56 0.73 0.44
NHj 1 0.15 0.16 0.07 0.07
Ca® 1 0.56 0.89 0.50
Mg* 1 0.40 0.68
Na* 1 0.48
K’ 1

S L 8 R 55 T K 7R IX B 7K R B A 3 2 R 1 2 - SO; . NOS A T RTES - Ca® . NHRY 4 oG R L
Kl 4. 1l 4 AT, Ca** 5805 . NOSIYZRPEAE JE R 53 31 h 0.855 J 0.676, e WIFEK i 3 2L . Bmw
BT A I N FE R CaSO, M Ca(NOy), Ik & 4. Ca® 5z MiFe R IF N Fi 47 0 . LI m
R, T AR 2 AR R 1 B R TR, X A K TG SR R Ca TR E R IR, LA 5 7
IIMTESIE WA
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Fig.4 Correlations between Ca™, NH} and SO3™—, NO3 in precipitation in Midong district of Urumgqi from 2017 to 2019

3 458 (Conclusion)

(1)2017—2019 4, S8 AR FFTTRAR X KA /K 9 T B pH 4E YAl 7.95, T & INACE- 2 HL 5
FAEBME N 16.15 mS m™, T & AT 35 S 8 ¥R B2l 81.93 peq- L', KRAREAK TS YL E B2 . FEK
HH 8% B T 1R FR IS 24 B IR b - SO2>Ca?>Cl>Na>NO;>NH;>K >Mg?>F -, #¢ i i = O B . BHES
For 5805 (29.01 peq-L "), Ca**(21.91 peq-L ") 34 Xk B 1k BE 1 Bk 20 510 35.41%., 26.74%.

(2) BB VU B 4 =5 HE T & Fo> BT T > 0528, oK i KO IRF A R>H F>4 > 1
Z%. S0, ., Ca*| Cl', NOJYR EEFE 4 Fde i, B Z e fik. [SO V/[NO;] FXME Ky 7.51, BT A IR Ak 278 K it
Mg 89, (H BLA 3B 0 ) fiF R B2 7 ) a3 rh AR /K i R M 20 3 1Y = M v 1 i 48 3 4R e B
AT Ca*.

(3) M T W, Ca?', Mg, Na', Cl', SO;" . NO;Z [AI {7 7E 5 3¢ 0 i 3 WA S& 1, Bl ez
]G AR R R, T8 A& SRR AEAE . Ca fE KRR SE 5 S0 . NOSZE & H Ca* 1y /K B M v Fl
DUHRA I R T NH;, 26 B 5 &R FF K AR X R K b AT BEAAAE LA CaSO, il Ca(NO3), g Ry 4L
Y.
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