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Abstract

The change trend and causes of acid rain in the central city in southern Yunnan were studied by
statistical analysis of the monitoring data from 2011 to 2019. The results show that the annual pH
value of rainfall in the district had increased slightly, and the acid rain frequency had decreased
gradually. From 2010 to 2019, the central city in southern Yunnan was all sulfuric acid rain, and
changed to mixed acid rain in 2020. The concentration of SO; is mainly affected by industrial
emission, and the concentration of NOx is mainly affected by the combined emission of mobile
source and industrial source. Therefore, this study proposes to further strengthen the coordi-
nated control of regional sulfur and nitrogen, and focus on strengthening the deep reduction of
nitrogen oxides. Moreover, the acid rain conditions in central cities in southern Yunnan will be
improved.
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1. 5|8

FR UL R AR IR 2 F N v iG 2h el B AR FEHERCHE 1 SO, NOx Fll NH; &8 30 <4k S FLAE KA U<
BN ASYNEL U, A RS REITERIRGR I, — B0k pH /N T 5.6 B 1 BEKIRON IR
)2 A2 RS ) R 1], R E PRSP 31] T 1982 4FEESL T AR IR, =Ega B, MHET
14 AN E AW NR W IS N Wit £ =+ 2 FER RS0 B, DERRNXESER, £,
Her PG R, P R X Y R B O SR (2] [3] [4]. REEH “Jui” BIRIFRE T “SO, ¥5 4z i X
IR R 42 1] X &l 43 77 SR B 9T 7 g oMk SO, S B Ik HEFE [ 2] o A4 >R BEE CRAITRBTE TR
TR R AOR PR =AEAT v m s, RERWFFENGE, SEEKY pH AU RETF. 2 2018
SEAE N pH ~FH{E N 5.88, BRFT X THIARAY &t [ L AR 5.5% [5].

VRGO T AL, WIREREE. NME. ST EBEEX S, SN 5765 FHA
H. RiIEmME SERERG A, EET O 2 2 A IR R R RO XR[6] [7].
“HTT MR, mEAEEGY. LT T ek PR E R A T A R, #AE
PRSI AR BA RGE (8], “T =T WAE, mmERNIE ARG, HEEE ORI KA
ST AT TN 76 B EE R 9]0 ANl I W E e L3 T R 7K pH R S e RN R W & AR AR (R it
O3 AT EAZ IR R 175 G B S E R, AR RO T T R S P A BRI TG B
Pl SRt T BRI A S B 1 % .

2. RS
2.1. ZERISRIR
ST R 0 B SRR T A5 S 1 A HROFD 4 [E 28 RS SRR A R .
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2.2, PG E

WP RS IR (BRI B AR TE) (HI/T165-2004) [10]. & 24 h KFE—IK, =K H
M RIER, WA FEA—AFEMBEATINE ;A& RRE SR AE 5 . HR I B h E A RS
TR Y 5 B E AT (117, ~PIE R FH B K AR B UIMABC 5 1+ 5

3. BER5118
3.1. BT LAHE

“H=T07 WA, RO BCE BRI SIS 4 A, XEREK pH EEET 7RSI, SEiE TERR K
AR, JRE R R ER AT, AR 1 B

Table 1. Statistical table of acid rain monitoring results in central cities in southern Yunnan

= 1. HEP OB BRI EENEER G TR

A2 N N
MW ORRA RREE '3; \g o e B e
%H 1 17 6.44 6.04 7.46 / / e
Iz 1 25 7.15 6.66 7.73 / / =
+=H
ANMH 2 84 4.39 3.34 7.23 4.20 54.8 P
R 31 1712 5.61 3.34 8.92 / / /
ZH 1 40 7.07 6.19 8.90 / / 7
_ JHiT 1 34 6.92 6.59 7.46 4.80 19.7 &
e ANMH 2 137 5.41 4.13 6.86 / / P
PNEKe) 35 1799 6.33 4.13 8.90 4.85 1.90 /

FHorb, ANHERAEAT A BB, PIEER I B FE AR AR R s R K. “+ =10 H1I]
TR IR, AN IR AR iR, pH T S E R K.

3.1.1. [EFRERHES

PEGe1T 2010~2020 4 F B Y MM ELHE 15 H () 1), FHFFEREN 502.47 mm, G AN 39 K.
Hd 2016 FEREMERZ, A 804.69 mm, FFMAIZEN 64 IK; 2013 FFEWERD, N 167.2 mm, FERMHT
FN 11

2 AP0, PR AR AR R ] i PSR AR ARAE , R RR R R AR E 6~9 A, HrbEmoK
EHIAE 8 Aty, £2L 100 mm, HKGE 7 A4, 808 75 mm, 1M 1~3 A 10~12 H W #RELE D o St
HRENEBCR, FFENAIAEZE, 7. 8 HMBENAIRERZ, N6 U 1. 2 AMA 11, 12 A4 MK
by T IR. 5~10 A BRI 400.77 mm, (5441 69%.

3.1.2. P& pH FTZSTEALAFE

PR R AR IR R X SE B DI 20 IR EHARE, B 2013 0 2019 4F4h, HAR 9 Rk
MY pH FE33ME /N T 5.6 $ 8 CRE R FIRR Y [X 52 ) (QX/T372-2017) [ 12 FRHEH X B’ X 1) 72 3L, Bk 2013
EFD 2019 SFAMNLR 9 SEHR T IR X . b, BE/K pH FESME BARKIF R AAE 2015 4F, I pH EHME
N 4398, BT EERWX; 2018 A1 2020 4ERE/K pH EHMES BN 5.155. 5410, B THRERWNX; H
£ 6 NMEMIFK pH SEXMELE 4.5~5.0 20, JRTRRWX.
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Figure 1. 2010~2020 rainfall and rainfall frequency statistics
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Figure 2. The monthly trends of rainfall and rainfall frequency from 2010 to 2020
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Table 2. Overview of acid rain frequency and acid rain zone grades

7+ 2. BRFSRE MBI X RN

23.72

PR B/

FERITRK /IR

Ft RN pH F31H BRI X & FROKIREC HBEKpHEDT 5.6 MKE  BRMARZ S
2010 4 4.580 BERWIX 40 19 B2 K
2011 4 4.760 BIRWX 21 12 BRI AR
2012 4 4.980 BERWIX 14 5 RW 2 K
2013 4E 5.910 JERW X 11 3 [ EY-3
2014 4 4.678 BIRWX 16 11 FR R AR
2015 4 4.388 HIRWX 42 23 FR R AR
2016 £E 4.525 BERWIX 64 37 % AR
2017 £E 4.825 BRPRN X 38 25 T8 AT
2018 4F 5.155 BTN IX 57 20 R % K
2019 4 5.643 R X 48 12 B2 K
2020 £E 5.410 BURTRTN X 73 14 FR /> R
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Figure 3. Variation trends of rainfall and rainfall pH

3. FEFEMMER pH MWL E

3.2. FEMLERHESH

R RN I R Y R BN ST A, W 90 L AN 8 IR 52 2 ) D 38 A ) A 5 X 4 R TR R 2R 2 5 34 i
FEAEEZX10] [12]0 I NS RKPEFHEA TR, SO7 « NO; 2F/KTFEXHEF, MW
HHEEETEEMN 52.68%, 215 EHETEEN 79.27%, JUHZSO; HRKHE, HEasTFaEr
42.51%, HEHEFEREM 64.12%/ 4. SO « NO; £&KSH ) SO, fl NOx ZH M5 % T /KR,
B EAR RSN, ANFEEN RSP HEBOC & SO, Al NOx, A2 BR R 1 E Z R4 .

SO;™ « NOj FIMR LU AR 2 S B 25 1 & AL A S 248 b, [RIRT 2 0 dr . M R NS AL ) — /N
BRHE, RENE LN KERFE M 42 R F[13], W < 0.5 NMRAIRW, 0.5< WH <3 NIEAHRW,
FAE KT 3 RONBRBR AL ER [ 14]. Wil 4 FioR, 2010~2018 SO; /NOj; HUEH LA 3.717~22.941, ERFK
RUNBRER IR, (E LU SR 2N, 2019 4E K DU AR NRA RN . 2019, 2020 4F SO /NO;
FAE 2300 2.897 1.878, IXFR BT AR KA NOx X R MY A H 1 sk 7t i, P R R B4y G4
REB AR, XA Ik S FES R R EHE A L. IhAh, FREREALT. WK 10 vh DUNERKE
Bl S RS BRI, A R T TR SO, MHER E .

2010~2020 4E Ca®" + NH AL E LK 5. Ca> FINH, RS BERENHE T, WELHAE TS
B 26.22%, A5 EHE TSR 78.8%, LHE Ca’ FHER, HSEETEERN 18.67%, HEHE T
FTEI SA%IE AT . IRYE Ca™ + NH BB HARE, HIREAKR, 2011 FRQT R, T2 KN
BRI RER AR PM o IRIE I & FEL

W 6 fiR, (SO + NO)/ANH; +CaOHAEHIAT 2, BB KA P ERM: & FIRER . 2011 4F
~2012 EHAE LR, BARERBLN 2011 4F Ca>/ NH; EUEAENE 11 F R, ARERIZS M /M,
IR (SO; + NO;)(NH; + Ca*)AZH KME . RIEGEiH4T, 2011 FFFKIRECH 21 K, FKEN 240.6
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mm, 2012 fE[EKIRECN 14 IR, BKE N 252.1 mm, HEIEHE4 K EKED KT 300 mm, &K 2016
LT 804.69 mm. XATHEAEEH T 2011~2012 FEFFFRARANX AR, FFAKED, HTEBRZEK, 559
KERBERSH, —HEWNHES S B KFB5 PR E 57
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Figure 4. Variation trend of SO} /NO; from 2010 to 2020
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Figure 5. Change trend of Ca** + NH; from 2010 to 2020
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Figure 6. Changes in (SO + NO;)/(NH; + Ca®")and Ca>"/NH; from 2010 to 2020
[ 6.2010~2020 ££(SO2 + NO;)/(NH; +Ca*)F1 Ca®/ NH] ZLIER

3.3. BRFRE 4T
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2) &g

B AL S AP R R, VARG RO T AR R B NI N, R TE REVR S5 R AT o5 4 32 S A
S G RRE AR, Tl E SO, HHEA 1T 3920.8~4664.1 Mi/4FE, NOx HEMEE T
900.5~902.7 Mi/4F; FEahE NOx &t HEi &N 3150.61 Wi/4F, SO, A iHHEHCE 0.74 Wi/, RAERIE KL
By R 2623.304 WL JoMHME 0.706 WL — MMM 355.134 Wi, #E 4R 2267.463 Wi, #7E SO, FFHE N
5379 Wi Uk, AEFE. AEVESEA S TE AN RN SE G RRURTH 2 B R AR R R S KT

3) BRUTFEAEH

H RS [41 R H AERMOD #5588, AP0 T AN IH 730 X 75 G HE e G 6 3T 2508 K T A
AR XX SO, NO, B2 PMyo BIDTHR S, HF e a5 SRR . B & Tl IR AR IA bR HES, fEA
FARZFAT, BN AR, IR0 3 XRS5 S p— & A FIFEI . S Ak =R KN &,
A AR R K S5 S S DK PG AE T, TERRIERR, v I

4) "ERRHER

IR X 5 R 2R, LIRSS B s F P Bus s T BRI ER . AR Fi5 3 m sy
B R T IR A SCR T R G, & ORI ) S R AR AR AE, BRI XK
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