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W OE N AT KRR ORI P R A VR AR DL RO TR, X 2019 4 3 H —
2020 4F 11 A eI A BA iR E M B KRE S, FIHE FOSE S T 9 kst (F . Cl. NO;.
SO; . Na'. NH;. K'. Mg*., Ca®) WyHE, I ELAI A PMF Xtk s 7 Bk IR b 47 1 3HE. 45 R %
. 2019—2020 4E ¥ A T KRS FEK pH BN 4.45—6.85, HLF:% (EC) K 4.63—50.10 pus-em™', &k |
FKEMMEIRI, H 2020 F 8 A TTHEK pH Al EC A1 L 2019 4F 3 2 B R B #. KRR SNA (2
NH;. NO;. SO WIGiFK ) di/KiEVER TR FEHS>, 2019 4F 1 2020 4F, SNA 43331 i 85 vk B Y
62.2% 1 64.3%. 2019 4, NH; ¥k B e i 985 1, HRE ARG {E M 47.01 pmol-L', SO} /NO; -
IR 1,245 2020 4F, NHWRE fem, FEITEIBCE1E K 40.75 umol-L™', SO /NO - A 1.65. A
SO, /INOEE KA, KK NBIR-RFRIE S8, B . FH B 740 Sk 2047 HI0 R R K v ) 85 1
F L (NH,),S0,. NHNO,, NaCl #1 KCl FIE A7 7E. PMF AT OIS B, KA 098 7 £ E ORI
F A HER . AL BRRHREE . MLah AR . R HERL . b . AW R b R IR B .
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Chemical characteristics and source analysis of precipitation in
Huangshi City

JU Dingguo'? REN Dajun' LIU Ting* ™ ZHANG Jiaquan® ZHANG Li*
ZHAN Changlin*  LIU Zhi*#  DING Y/ WANG Weifeng’

(1. School of Resources and Environmental Engineering, Wuhan University of Science and Technology, Wuhan, 430080,
China; 2. Hubei Key Laboratory of Mine Environmental Pollution Control and Remediation, School of
Environmental Science and Engineering, Hubei Polytechnic University, Huangshi, 435003, China;
3. Green Environmental Technology Co., Ltd. Nanning, 530200, China)

Abstract In order to investigate the chemical composition, concentration variation and source of
water-soluble inorganic ions, atmospheric precipitation samples were collected from March 2019 to
November 2020 in Huangshi City, Hubei Province. Nine water-soluble inorganic ions (F~, Cl", NO;,
SO;", Na', NH], K*, Mg*, Ca*"), pH and electrical conductivity(EC) were analyzed, and the possible
sources of ions in precipitation were determined with the positive matrix factorization (PMF) method.
Results showed that the pH values of all samples ranged from 4.45 to 6.85, and the EC values ranged
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from 4.63 ps-cm™' to 50.10 ps-cm™'. The water-soluble ions were mainly composed of secondary ions
(NH;, NO; and SO;") accounting for 62.2% of the total ion concentration in 2019 and 64.3% in 2020.
In 2019, the concentration of NH] was the highest, with a weighted average of 47.01 umol-L™', and
the mean of the SO} /NO; ratio was 1.24. In 2020, the concentration of NH; was the highest, with a
weighted average of 40.75 umol-L ™', and the mean of the SO; /NOj ratio was 1.65. From the change
of SO;/NO;, the precipitation of Huangshi City was sulfuric acid-nitric acid mixed type. Cation and
anion spearman correlation analysis suggested that (NH,),SO,4, NH4NO;, NaCl and KCI might be the
main chemical compositions in precipitation. PMF analysis indicated that the major sources of
precipitation were industrial emissions, fossil fuel combustion, motor vehicle emissions, agricultural
emissions, soil dust, biomass combustion and garbage incineration.

Keywords Huangshi, atmospheric precipitation, chemical composition, source, PMF model.

KA TR L BRT7 A 5 5 A B AL A IR DT P i 2 2077 5, TR R /KO 5Bk
TR UKL ) R SRS ey A 2007 20, B K R 7352 R SUBURE ) LA R RS RS ), 33X 28 1 73 ]
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HR 2 2% Ao S N T LR AE R T, B LTSS K B A 2 Rk BE A SR I T A = USRS R, JF HA A
ERSeCE e

I AT 1 08 e 7K 9 G B F 9 B PR 7 RS YRGS I L VT = A L BRTE = A X,
QAR R RO T S A TR A DA SR AR R, RS 19 A4 T IX, T HL e
W, WP 2%, AR K R I 25 0 A AN 2], HLAE B 52 30 R i 15 e A 52 ). I AR SR — 285 TRV
SR R AR AR BT, ANTE /D B8 A0 b 1A VLK X KRR, 2 S OF . NOSHI Ca' o
BT, W, — R AR 0 X R AUT R IR0 5 X TV 7, 25848 S0 X IR
IKFEAT ARSI, I3 L 1) Pt A T o3 B i Qe Wik IR i A WFFEIRE T 8 G % R UK R L ALDL
W B 20 M, e BRERE DT R AU/ 75 e HE ™ i, HL 32 B DANHG-N O 209 XAV A il A ate vy 250
PRVF T VLU 2 38 0 T R AU /K B T4, UYL, B SRR, R BRI K h FRINO N M 2%
TKIK AR FE IR Xof TARULT W, A B A0 B B 1L A5 i B R AU A R AE 20 B v, 7
7K R <RI 1Y 1] “BAL I M IR TG B R AR O 24598, T N U7 Rk 2 28 D9 SO; . NH A Ca™, {H
JENH I Ca® X B /K 4 R A0 A5 . R, S8 TRV AR i i R T

AT AC A AR, AT 7, B2 N K A, T WA AR 2 5 T S B R 2 XA,
BT ARG R, X0, N2 32 AR 2 XUER SR MR, T S, AR A AR K EETE 1500 mm 745
BT BRI RAUEERY TR R | da R, X AR R ER B E  1 T B AR, s T B
TR Sy PR AP R i 2, RERAS A IR, TS YD I 45 52 B 5CGTE . i i KUK A2 4173 1 3 B ]
DL A RS G e e | FIWT RIS e R 7S 1 00 O 1 1 A oA i AR K A A2 R AE B 5 e o I
TTHR, T 2019 4F 3 H 3 2020 4F 11 H R T KA, 20 B b B 7RISR B 1, 258 A 23 B
AL PMF A5 R TRUR R /A P g 1 9 2 BRI, Dt — 20 1MV B A B4 i R R K AR AR AR 0
epiin e ARt .

1 MRLE ) (Materials and methods)
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Fig.1 Site of atmospheric precipitation sampling in Huangshi City
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1100 #Y &4 3% (Dionex, 32 ) X4 5 H ) A=+ (Na', NH;, K. Mg*, Ca*) FlI 5+ (F . Cl', NOj.,
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B 15 e TR GOARGH(E) A9 S 6 95 FOARFHR I ). PMIF 23247 I 0 22 B AL 3 Ao
G LR, AR e TR 0 L 0 601 0 70 A, R 0 s s,

UNC =0.3+MDL 4>
A, UNC 46 89 769 R B 185 MDL % 85 107 MoK th R (L) 6 0 Ko DU BB AR
AL ST HEBR ) /6 £,

2 5 54718 (Results and discussion)

2.1 RAPFEKE pH F1 EC

KRR R, BOA TR AREK pH AR A Z2 L LA WA 2, 2019 4F pH (A Y22 AL TE I Z 5.38—6.02, [
B ANACEYIME H 5.88, 2020 4F pH {EL A3 BBl & 5.24—5.84, [EFR B ANACE-YI{E N 5.48, 4R S 3155
PR, 76 2020 447 [ 3, 1R HAth 3uk T UL 20 4155 B AT B AS ). 3844 1 #5447 B K pHL < 5.60 B 5
HH 53.5%, Kb F R IGFE 5.60 Z247, i FIRIN(4.29) 27 AT (4.44)P9 7795 (4.89) 12 FE I 7T,
HIE S EAR T T X (6.42) 09, FII%(6.76)01 S84 [X . B 47 T B9 /K R ) BA ™ 3 A R AL IR 0.
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Fig.2 Monthly variation of pH and EC of precipitation in Huangshi City
R K B L5 38 (EC) F2 2802 fh He b A /KA B - e, LB D8 1 R /K TR K PR 5 - B Wk B2 K
JIN, T ELX B K T YRR B A — E I FE s VR P ] 2 OB T B A7 2019 4 & 2020 4EREK HL 5% H AR
PR, ATLAA Y, 2019 4FREKHL- R ATERIE 11.8—50.1 ps-cm™' Z[A], FEFTEIBCFEI{E D 24.0 ps-em™,
2020 4 FEK L SR TE 7.9—25.5 ps-em ' Z P SN, FEM EMABCE-BEN 13.4 ps-om ™. BHAEAYHL S 388
TEAR AR . BRI e, 5 S8R B, B F 2020 4EREZK 88 2019 4E A T REAIR.
XF LGB 3T R K A H 8, A TR K P S R TN (12,7 pseom ™) U9, 7317 (20.0 psrem™) P,
PAVTIX(18.6 ps-em )P SR IX, (HJR AR TR (43.1 ps-em )P T (45.7 ps-em )P KJF(98.8 ps-cm ™)1
S5 H, ATREE H T ECA TR s e 2, 52 ORI AR
22 KAMEKAE T4
BT R B VR BE L3R 1, 2019 4F B0fA T R K B [ R S AT 34 9k B2 F s SO
: NH; > NO;> Ca** > SO? >Na' > Cl" > K'>F >Mg*. H.i', “ KB 1 (S0, NO;MINH;, fii #k SNA)
o AR R T Y 62.2%. BB F o NOS SO 7 1 de 5y, Wk B Y B 43 1) 2 1.32—148.25 pumol-L 7,
3.39—76.33 pmol-L™", R & MIACE- 1k B2 28.07 pmol L', 19.62 pmol-L™', /i B & ¥ B 54 32.4 %,
46.4 %; NHFI Ca? b EZBHE 1, HASBEF 4030 5.26—173.16 umol-L ™", 0.38—81.67 pmol-L', 43
S BHES SR BE Y 51.2 %, 27.0 %. 2020 4 B A1 7 R K th 25 25 vk BE B AIK, [3 F0 2 fin AP 280 4R BE #
1 FMR RS K. NHE > NO; > Ca> > SO > K" > CI' > Na* > Mg® > F~. SNA 5 4F S0 B 1k Ji 11 64.3%,
FHEE 2019 40847 T 55 . NOSAISOZ 4351 o BB 1 Bk B 1) 47.9% ., 31.5%, [ T B JASCOF 349 3 38 431 hy
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24.56 pmol-L™', 16.18 umol-L™". NH;H & 2 [H B +, H Wk J& Ca™, B RN &t A7 ¥ vk B 43 5 o
40.75 pmol-L™", 19.49 pumol-L™", X FH 2§ ¥ &5 ¥ BE 19 B3 Bk 43 51 & 54.0%. 25.8%. AH L 2019 4F, JLA> £ %
B BH S vk BE A, DEIFE 2020 458 44 T KA MK TS YooK A8 b — 4R AR TR A /N, 043 15 1 MR B ik
=, 1] AE 5 R4 MK R /INA 6. 2019 4F KA 7K T SO /NO; IS 411 A 1.24, 1 2020 4 A AYF
BIE R 1.65, W] LLAIWT R AR IK IS F B0 B R -l R T 5 7.

1 EATRIEKPEIA ., BHEF (umol-L™)

Table 1 Anion and cation ions of precipitation in Huangshi City(pmol-L™")

i{i F cr NO3 SO¥  Na NH} K* Mg* Ca?'
B/ 205 3.8 1.32 339  ND. 5.26 1.02 ND. 0.38
2019 SSUN 932 3216 14825 7633 7770  173.16 20.98 6.14 81.67
Rk R A A3 3.81 8.98 28.07 19.62  11.14 4701 7.75 1.08 24.89
B/ 2.01 3.74 0.68 3.40 1.13 0.75 0.78 0.58 2.79
2020 SSUN 1203 17.02 16946 8496 9209  219.17 15951  19.02  123.34
R R HE IASCE-34 3.57 6.99 24.56 16.18  6.12 40.75 7.42 1.69 19.49

ND. A4 H. not detected.

He B AT R K b oK PP B vk B 5 A T OB AT TS e, AR 2. B TR K T R R T
W AR T — L SCRRAE AYRCHE, a1 SNA He AR T-AE Rt RO IR O R Y 25 5 U™ 5 A T,
1 TR L5 M IX, A SOF# B2 e B T R, 7, D227 g B Y, Sk SR A T RIS G
T IR SRR, ELAR AL M HEOR R0, 3kt VA DR T8 o s Tk R s o e L, H—2e by
I A IR S ), KRR TS Y™ B Na Rl CUJE T B8 g ¥ U5 55 0%, AR BIF9E b Na®, CIVR 2
[ R 7 SN TR AR N 1N P N E N DL Rl B (2 3 27 A EI D a5 S e R A T i R R EP NG N
Na 1 CI PR IR Y m] REVER/IN, ] BE £ 232 A2 Y. Mg? il Ca™ i IR T 208 17, A& 2
S 4 TH Mg? Al Ca® e B HE R0 3 ARG, T2 AUBTIN | LT Ca> ok rp E 2B 7, X n] g
Je i T A T e AR SR BRI P A

R 2 AFETFEK APOK R 7 R (pmol - L)

Table 2 Water-soluble ions of precipitation in different cities(pmol-L™")

— —
lgt: Reﬁfe;;f}f |tliﬂme F cr NO3 SO‘Z‘_ Na' NHZ K Mg Ca™ Reﬁrﬁzr(lce
- 2019 3.81 898 2807 19.62 11.14 4701 775 1.08  24.89 K

2020 3.57 6.99 2456 1618 612 4075 742 1.69  19.49
A 2016-2017 1007 19.07 5401 2291  19.61 16889  7.79 542 33.48 [9]
KHE 2013 19.00  79.00 185.00 190.00 34.00 198.00 1400 2550 201.50 [10]
JUIT. 2018 584 2473 2395 2595 826 3400 051 1034 6133 [15]
M 2011-2012 6.12 1440 1030 89.00  3.09 3820 333 2.86  94.50 [18]
(RS 2018 462  12.89  63.08 5847 5439 10012 2.90 573 4325 [31]
K 2018-2019 1340 2220 9390 4925 5130 16170  7.30 550  50.30 [35]
YL 2012 0.60 2.04 7.00  11.85 098 2080  2.01 545  25.05 [36]
LS 2017 — 893 2525 7254 2872 14735 460  11.19 6829 [37]
MBE 2016-2017 639 1749 2509 63.13 2339 67.17 875 1.18 2318 [38]
B 2016-2018 — 27.99 4233 2924 2917 5677 1678 825  95.54 [40]

AL T 2015-2016 — 66.00 62.90 46.85 5470 107.00 1720 1095  32.05 [41]
FafE 2017 283 7330 7940 9380 2684 12090 63.30 3635  46.34 [42]
{Ipay) s 2013-2015 — 20280 69.70 23570 23250 16720 34.10  36.05 331.50 [43]
PR 2014 — 570 4560 3000 450  70.60 440 220  13.00 *

T — R OB * R B IET 45 WRR I M (EANET: https://monitoring.eanet.asia/document/public/index ) .

23 FEE T RS
R EEARE A 2% B T BE 12 O S0 S RAT IR IAL, 75321 2019 4FF1 2020 4R FFK Fb B 7 B2 K o
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W 0 H A2 A an & 3 . N 3 AT LA ), 2019 4R FEK vh g ¥R B 11 A B, 9 ARz, 7 H ik,
SNA ¥ JEAE 11 A ik 8 7 A4 (6, MiTE 7 7 0y SOF ¥ f K. Ca™ 7k 9 J it &2 B B K -F
Na'Fl CUAE 9 A A 11 A e BB AR )t iy, B0 7 H S lR(E R 3452, [R ] LUK BLE & 1
WSEAE 7. 9, 11 #Y 3D B 3, X LA A AR K 52 HE ARG, 5P 9 R e PRl e R R 0 2
Sl — L35 QAR R IR T g i SR AR, A AR R RE 3 ey ) 2 g, SRR OK R T
VP Ay T Peretti 551 TR 18R W 11 B X [ 7K 19 532 1 v 2 B, K ek 5 e /K T R X2 L AT A 52
W, JELTE — 2 S5 AT AT 22 /0 (10 5 Wi S B DR — 8 7T K ) ol 114 5 i, 2 LA SR P X [ Kk =2 (], R
SRR T AT RE ST DR, X WO T Y I B G R AT
B Ca? EEvi?t K" EZANH; ZNa" EEDSOT UNO; BER CI'HE F- —e- Precipitation
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Fig.3 Monthly variation trend of ion concentration in precipitation in 2019 and 2020

2020 AF R 7K e RS e Bt F B W B ) R ARAE (8] 3), RS TR SR B R, H R
%, 33X 5 L g 0 FE 4k LT 9 pF 5 vh e BRI DL 2R AL, o SNA VR FE By Z= 15 A 40 5 A B IR B AR
L, BAE 4 AR i, (25 2019 4F R b, BEoK 0988 R B2 b3 1, JoHUR: Ca?' ik
B, ATREE T 3. 4 H KRB/ R ARSI . 2020 4EFp = R 2 AEFEK B T A28 AL HLAEE, [R] 2019 4R45
AR, R AR R A IG , 0FRATS G  i ) B, R K R B 0 KO AT TR, R
JE TN 9 H B K B R B SRR X LY AR B T R K R R R, AR | 2020 AR LE
2019 454 B MR, 17 2020 A [ R £ DL BEK R B 2L 2 F 2019 4, 1T DL idd B [ B o2 2 52 ) oKUK
HEFRENEERNERZ —, KA KT SR LRAEEZER.
24 BTORIE
241 BEFAEHS B

30 3 0 8 K R K I I B 0 R AR DG A 43 B, AT LA 45 2 - 1) AT e R R R 22 ) A A7 A T =Xk
ARV i ] SPSS X AEXT 2019—2020 4FERE 7K 25 4T Spearman AHICHE 4 BT 4N 3R 3 frs. AR rA]
PLE H: BEoK P SO MINO H A A M, th FHTAY SO,. NO, SRIEARLT, ik R A. Tk HEk
B X — N S — BT R GE B OISR N TR FS SO NOSHL A FE A &k (r = 0.631, =
0.425), {HJ& F 5 NO; I AH CPER 55, 16 BHIX JL A BS 738 v] BB R U5 18 e S8 R e HE L 7. SO FINO; 5
NH A7 5 AR P, HNO; S5 NH; A S (r = 0.851) E5ik T-SO2 5 NH fAH &1 (r = 0.732), 6 HH
TERABEK P EANTEELL(NH,) ,SO, Ml NH,NO; BB A7 7E, I HINH B JE fINO; %5 5. Na fll CI i 2%
FHOG, FHOCEREL r 0 0.511, 456 Z A0 8 W BE AR 40 M, 8 A JL R IR, AT AR MR IR, Ay
N KRR, WNFEFFR S . B S A BRI, H DL NaCl BB A4 T RAABE R PP K5 Na R B B 3%
FHRAE (r=0.797), IX I EBS A e IR T 2E W BURABE , A= W iR e 23 7 A 5 NaFl KO S I,
LI BA TR K B Na F1 K] Be kIR T A= 4 Bk s
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Table 3 Correlation of anion and cation in precipitation in Huangshi City

F cr NOjy SO; Na’ NH; K Mg Ca*
F 1
cr 0.533" 1
NO; 0.425" 0.626" 1
S0~ 0.631" 0.553" 0.702" 1
Na’ 0.113 05117 0.199 0.041 1
NH} 0.393" 0.444" 0.851" 0.732" -0.071 I
K’ 0.203 0.487" 0.266 0.129 0.797" 0.069 1
Mg 0.127 0.350" 0.281° 0.078 0.344° 0.105 0.446" 1
Ca* 0.474* 0.484" 0.195 0.259 0214 0.069 0.236 0.324' 1

i FEP <0.01 G OBUR ), HEOCHE L2 *. 6P < 0.05 G0 (W), AHSCHE 3%

242 PMF JEf#bT
{8 PMF X R K iR i 9 FhoK 1 85 1B 4T T URAEAT, 15 2] 4 MVEAE B Lk IR A 1&] 4 Bis . 72
F 1 Na', K Btikdse K, HoUOR Fry KO Na' & K & 45 T AE W U E | 40 3 B8 08 55 7 A= 1 Uk 47
o, T FAE A AP R RS A W, G5 GRS T, AT LA B 1 2 AR kb . B3k
BRI T 2, SO Timk e 22, HOURNHH F 0 5Tk FL Bk, SO FIRT A Y DL & F 3= B i
H A A AR HE e L B At Tk HE i, 10 NH 3 22 Aol IR 66 ™= A= 1) NH; B4k i, B LA 7
2 AT AR AR IR AN AR 5 7E R 3 v, NOSI BTk R, B B 1R IE T Tk HER A, FoRT iR
Eﬁﬂ?ﬂ:mﬂi%mﬂfﬁﬁl Wﬁﬁl? 3 INH AT A Y = A TRk, BT LA 3 AT RAIAC SR LB A A
T 4 F2LH Mg>, Ca” Timk, XA B+ F 2RI T4, ke, IS, R HFMETER, FTLIEF 4 7]
DSINTSP 2 77 Ea0e
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AT SRR KR TEES T T 0028 Fe s (36 4 i) S I B B 1 M B K A R T Lia 569
FIFH ST . N 4 ] LUE H, FEK i NH e B Je i, o B8 SR B 1Y 31.6%, HORJENO;, f 21.0%,
A TP SO e B B v, o5 B8 T B B 1Y 31.6%, TINHIHY BTk N 21.2%. MK 55K SNA &1
WBEREE, 43 0 b7 65.1% F1 69.6%, H EAT#R & LA (NH,) ,SO4 Fil NH,NO; FTE X AFFE. Bk Ca> Wk B
B, HE TR R 14.8%, MAESIER T H G 6.5%, A fig Ca® B T 3k A B LAAL, it HoAth i1y
K.

R4 BT IIRH  K A B T U LA (umol L)

Table 4 Comparison of the concentration of water-soluble ions in precipitation and aerosol(pumol-L™")

iEnt| -
- - NO 2— + NH* + 2+ 2+
Research time F cl 3 S04 Na 4 K Mg Ca
Rk 2019—2020 4.08 9.51 35.80 21.28 10.31 53.77 8.34 2.08 25.16
PM,, 2013 30.00 149.86 340.32 643.75 228.26 431.67 53.85 24.17 132.25

3 %518 (Conclusion)

(1) 2019 4E, B A7 KK B pH 28 AL 75 2 5.38—6.02, T ACE24 {0 5.88, 2020 4F pH
(L Bl A 5.24—5.84, [T & IACE 416 N 5.48. 2019 4E [ /K EC B RN & iNACE Y948 4 24.0 ps-em ™,
2020 4F A 13.4 pus-cm'.

(2) NO;. SO;". Ca*, NHjN i A7 T RAREK P BB, 2020 4 FE K g B vk B 2N F
2019 4, [AlE, R4 RE K iR B F 2 1 AR R RRAE & B, 2019 4F 9 11 A B FH BE 4 &, 76 2020 4F 3. 4 A
vy, T LS i A Ak 2% A R St R R K D] B 2 [R5 e . 2019 4R KA %7K 1 SO /NOS - H4{Eh 1.24,
117 2020 4E3Z LU AH A 1.65, BT LUK KSRk AL 20 iR - AR TR 5 1.

(3) 3 A8 X6 AR AR I B8 ) AF PR o B & B0, B T R AR K h s AR e ) B IE A 2 Fh,
#1(NH,),S04. NH,NO;. NaCl 1 KCI.

(4) 382 PMF A BT AR B B A 1T B R AR K Rk 8 1 8 R R VE T T HERC . T R BE |
BLBZEHERL . B2 Aol MeAMAA &R 53K B A= ) BT ARBE RN B8 e e 1.
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