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Abstract

Based on precipitation monitoring and air pollution source statistics during the 2021~2025 in
Fengxian District, Shanghai, a full-process monitoring quality control system was constructed ac-
cording to the “Technical Specification for Acid Deposition Monitoring”. The characteristics, evolu-
tion patterns, and driving causes of regional acid rain pollution were systematically analyzed. Re-
sults showed that the average annual precipitation in Fengxian District during the 2021~2025 de-
creased by 47.7% compared to the 2016~2020; the frequency of acid rain decreased from 93.3% in
2016 to 50.7%~69.1%; the weighted average pH of precipitation increased from 4.8 to 5.3; the dom-
inant acid-causing anions in precipitation changed from sulfate to nitrate, the sulfate/nitrate equiv-
alent concentration ratio decreased to 0.60, and the acid rain type changed from mixed to nitrate-
type. The core causes include a significant reduction in SOz emissions due to cleaner energy struc-
tures, an increased proportion of NOx emissions from industry and motor vehicles, regional pollu-
tant transport, and the attenuation of alkaline neutralizing ions. Finally, prevention and control
strategies are proposed from aspects such as optimized monitoring quality control, precise man-
agement of pollution sources, and regional joint prevention and control, providing technical sup-
port for the treatment of nitric acid rain in the suburbs of the Yangtze River Delta.
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1. 5]

PR N A& K SOz NOK SR IE BT A M)At A 27 I B B /KR T FG ) — IR T5 3%, 5 51 R T 3RIR AL
KT G RRE A A SRR, A = XA S AR A B 1] 3R R R VA 2 S
MERER R R A T . AR LA, BV V R =M, Hlahd s Tl A5, SR RHIE S
A5 YR XA O E R [1] [2]. B AT Bigm i, 2dedtmidl 5V ER X, KR
R T AR RO = A1 58 XRR P B P A IR 225 4 fE . AT 28 BT X 2021 £6~2025 45 KI5 4Ll 5 F%
KT, FRVETT R S B ], TR IS YA AR S 0], $ PR S, D XK
R YA EINEREE/ P i o
2. AR S REEH
21 BWMHREFZE

WAz 2GRS 19 5, L ANEKIRI AL, RFE CRUTEE B TE) (HI/T 165-2004)
RLAT R3] AL EE A A A, SIS 4RI A A Te R R S . R
MRS R, SRS HIT 165-2004 KAFAT BCATE, AT ORBEFEKRE D B IR RAE . Hikb 2 WX Ay
X, FLLERX EEEEFSAE, BEP TR, 7TRWRBOZA X BRI R AR SR, X
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MEIB I R s R E I PR T AT H M A

HEIFERR: TUYRERT R pH B, BSER; SUUSRERER. M]RR. B&E 7. 887 a1,
WET. EET. BT, BT

HAETH5: pH BIECRA A FIREREMEGE, LR 5HSRRANEMBGE L E; Bl pH
< 5.6 VE MR N E AR TEE[4] -

2.2. RN REIES

DR OR B M B et e L AR ME L RT RO, PR HAT I S T bR, MR CORFE - AT - HdiE”
R R[5]:

(1) RFEFRIE: MACREES I ER T, RAEMATLE FKIRIEYE, B8 X5 h; R MR
FE, B bR 5 MR

(2) AHrIEEE: pH it HSRACEH AFMESZ MORAE: BT AR RN LR, SPATREAE X (R
ZEEHITE10% AN, 18 GBWO08672 25 [H 5 — 4 bn W I 2 HE[6]

(3) BABMIE: AT “IEI G - AL - BRM TN =A%, AR, o OREE S R A
FrE ORI WL HcHE i S 0TV EBR I ) (QXIT 676-2023) 2K (7]

3. RIS
3.1. P&k

2021 4F~2025 AEHAE], ZEWRXAELMEAKEN 1033 mm, BT 2016 4F~2020 453 E)4E B K&
1977mm, A B & (L 1).

Table 1. Average annual precipitation from 2016 to 2025 (Unit: mm)
%2 1. 2016~2025 FEEIPEKE(BEAL: mm)

A 2016 4 2017 /£ 2018 4E 2019 4F 2020 4F 2021 4 2022 4F 2023 4F 2024 £ 2025 4E
Pk & 1490 1473 1282 1461 4180 1327 806 726 1383 924

TR, =R XBEKE pH EINAEESE 580 5 0GE T3 BT B4k Ja I sk 2 R s,
pH {E BB AN 2016 -5 2018 A —=4F, femN 2020 4F. 2023 4EFfl1 2024 4. HL TR ALY
Bk R N EAIFRE-PR, BSRMBEESER SN 2017 45, KN 2022 51 2024 £, WL 1.

3.2. E&FR

2021 4F~2025 4F B A A2 AR 8 T 2016 4FE~2020 44 BT FREIEE W TR . wE 2, EH44EFR
TR T AR AR HE BRLTE 2016 44 93.3%, pH INBUEIIME N 4.8, HERMARIZE T %, RIKHZE 2023
5 pH INBUERIME N 5.4. BARTE 2021 :~2025 FEYIHIRR I & ARG B i, (BAE 2 G FrseE Iba T
Fha.

4. WEERS R

e 7K TR P R A 5 A S0 28 PR MAC ST 87 1P AL, AR A SRR T R Bt TR RN i TR AR 5 B 0 1 i ik Ry R 1
AE R R AR T PR TR TR R R X REOKEE ST T B T AL S i, AT RE
ERAABLS A E X pH ERI DR, KSR E T IR R R T M EIRE, R SIS
R 2.
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Figure 1. Changes in the weighted annual average pH value and the weighted annual average conductivity value of Fengxian
District from 2016 to 2025
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Figure 2. Changes in the frequency of acid rain in precipitation in Fengxian District from 2016 to 2025
B 2. 2016~2025 F 2= 5% X KB SRR L 1B R

Table 2. Annual average equivalent concentration of ions in precipitation in Fengxian District, 2016~2025 (Unit: peg/L)
7= 2.2016~2025 FFE X XEK B FEHERE (M peq/L)

FEfy 2016 £ 2017 4F 2018 4F 2019 4F 2020 4F 2021 4 2022 4F 2023 4F 2024 4F 2025 4

pH 4.8 48 48 5.1 5.4 5.1 4.9 5.4 5.4 5.3
AR AR 65.3 59.3 48.1 38.8 60.4 38.5 30.8 33.1 35.3 26.7
HER AR 46.9 33.6 426 311 62.4 37.9 62.4 60.3 64.9 475
T 115 10.5 9.4 3.3 1.6 25 2.4 2.0 0.8 1.2
AT 27.2 32.0 19.8 21.6 32.9 29.2 27.8 25.9 27.9 20.9
BT 578 49.7 315 20.2 45.1 446 51.1 63.3 58.1 29.4
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i3k

R 392 36.2 33.0 329 37.0 28.3 40.2 29.2 26.6 23.7
BET 6.8 8.8 8.3 7.9 118 10.4 10.4 9.0 10.0 17.3
WET 28.3 311 26.6 33.9 424 25.3 22.2 29.7 21.6 35.7
BT 5.8 36 36 33 7.1 6.6 2.9 32 43 5.5

i 3, 2021 4:~2025 EHIA], 4 X FEAK MRS 7 & B i m 2 IR B 1, AR TR SR 23%;
HURRMBRE T, HAMER 14%, S8 T HETAYERN 11%. IS THSRREMEEST, &
BT RCUEIRFER 21%; HUGREE T, & 12%, BVE T BT AU ER 11%.

2016 ~2020 FFIE], XFEKAEFrhEERSKRZMERE 7, HEFA SRR 21%; HikE
RIS 7, BT ECHEIREN 17%, |BE AR TASEN 11%. A FhEERml %S T,
GRS RCU RN 16%;: HUGEEE T, 4 14%, ST BT AU ER 13%.

2021 4~2025 FEHHIE], BRERAR BT M B EEAHEL T 2016 5~2020 EAE BURIRFER %, M 2016
SRR 65.3 peq/L T FEF] T 2025 4F 1 26.7 peq/L, T HEIRREAE] T 59.1%, BS54 24 RIREE A 5 b
WA 21% NIEF] T 14%. 2021 4£~2025 AF AT A BRAR B9 1 1 U B B SR A Bt BT, (BAE 2025 LA
WAEF| T 2016 4EH YRR .

H BRERAR
[ THERAR
L RET
LEET
WS
SR
W T
W T
(e

20214E-20254F

Figure 3. Comparison of percentage of ion equivalent concentration in precipitation in Fengxian District during the 2016~2020
and 2021~2025
[& 3. 2016 4~2020 £ 2021 F~2025 FERXEKPEFHERE T T LRI

s 4, 2021 4:~2025 AR FEAKZL S, B S T ERERAR BS A IR AR B U BIRE A S T+
MELRE A 75.7%, 3R B SZ ORI AR 25 1 A R AR 28 AR A — SRR A B R K
BHES 7, 805 B 1 A B8 1 SR B 2 R o BH B8 7 M B IR P SR 59.9%. B /K HH R AR &9 1 A R AR
HF I EWR AL  0.60, %L 2016 4£~2020 £ R % T 52.4%. R#E (ALY PR K7 Hbrik,
FUAZ B IX BRI B B R R DT IR 2, R R IX IR MY 2R AL R T R B RR TN o

2021 #F-~2025 43 [7] 2= 5 X R R HH 11 2 S E08 B 28 1 AR AR B9 7 R IR AR 25 1. e A 1Mk B ey
F7K R PR, pH (EBIC. 2016~2025 4R[BS 14 B B S50 N IBAE 2020 A P 5 FR B R
Fetadh . WA 5.

B PH S 7 e 5 7 A5 B T AV T LR RER PR, PRI K R 1 o 1788 29 7 R 6 8 156
BRI pH B R /N . 2016~2025 4 PHES T2 BIRFE R sh B fbiadh . WA 6.
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Figure 4. Comparison of anion equivalent concentration in precipitation in Fengxian District during the 2016~2020 and

2021~2025
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Figure 5. Changes in anion equivalent concentration in precipitation in Fengxian District from 2016 to 2025
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Figure 6. Changes in cation equivalent concentration in precipitation in Fengxian District from 2016 to 2025
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5. iR RIREE S
5.1. &g

ZWE X 2021 4£~2025 FHAE I K& RIEIRD, BT 2016 4:~2020 4 [A) 4 1 [ /K B kb 1
47.7%. BRI RAEMNZH 2016 4E~2020 £ 93.3%, I/ IR 7E 50.7%~69.1%; F%/K pH INALAEIME
M 4.8 FFHF] T 5.3; MK SREMBUELIEM 1.6 ms/m TR 1.1 ms/m. ¥ 551 o i SR e ML Al R AR 25 1
FRERAR & 5 L b s, BB TSt s 1. s, S FEMEE . 2021 4:~2025 4
FH ) 22 15 X B 7K A i B AR 9 R AR R AR 25 1 1 24 VR FE L M 2016 4F~2020 “EHATEIF) 1.26 T F#4 0.60, [2
Y 2 20 A S5 06 P VS A5 25T R 29 DA T TR 2 TN

5.2. RES

521, A REKHAERANS SRBEE

(L) MRS Y B R KSR AR 0 RS S L0 K R 0
LR 595 e L T G 13— LA (SO U A T . A GBI
AR TR IS TR > (0 B

() BB H 25 EIETA SRR S OB 2 — (R R SUS 7E). Bl
2 UV AHINO) R VAT LI (VOCS) ST SRR . FUBFSIEHE T 7 RO HC A (B ),
EUEAHBE B 7 NOHEHLR AR AR . NOW AU it S A KA ST, B U (HINO))
R, JEAMEK. SRR THOETHE . FONE S T E R
522 ERREHHMELESSREME

() RCF ARG, TR BRI RS, BRI LIEBK, RS DUEA R T,
S L R (R B BT 10 )5 S SRS RO BB . LR, PEIER A K
S BB L5 e (i 2 NOWAIE B %6 %2

(2) KU PER R 4 = ff 30X BT LR (O) T RS H1 G EE R SUURT OM 1 365 AL 1,
SOMHLINSE SO, A1 NO I BRI IRAUFE ISR, AR PEVI R ZERERR B R DAL AR, T S B
1 A 155 RV L AR 7

5.2.3. WEHFIEL

PR SRR D BEAE TS AT BB CE AR AL . ZRAb. il T RE), 3. @K
A P T (Ca?) SRR Y 5 A R TSR D o X LR A ) TR ACT] LN — R R, JCHL R
BRI . EATRED, AR “ T2 A2, Il T BRI AR AR .

PR SR RO D BEAE T i AT PR s CE R AEAL . R Ab . il T RE), 3. @R
AR P T (Ca?) SRRk M 5 A R TSR D o X LR ) R A T] LR — R R, JC LR
BRI . EATRED, IR “ T2 A2, I T BRI AR SR .
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