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Abstract

In this paper, the statistical method is used to analyze the spatiotemporal variation characteristics
oflocal acid rain pH value and K in the past 18 years (2006~2023) based on the daily sampling mon-
itoring data of acid rain precipitation in the Kaili area. Relevant remediation effects are summarized.
The results show that the average annual pH value in the Kaili area in the past 18 years (2006~2023)
is 5.64, and the overall trend is mainly alkaline. The average annual increase rate is 0.1047; The
average K value is mainly increasing, and the overall trend is pure. It has passed the test of signifi-
cant level, indicating that the trend of pH value to alkalinity is extremely significant; The pH of the
year is the smallest in winter, followed by spring, and the pH value in summer and autumn is almost
the same; The average frequency of acid rain weather in Kail area is 37.3%, and the overall trend is
mainly declining, with an average annual decrease rate of 4.38%, which has passed the test of level,
indicating that the decreasing trend is extremely significant; especially in winter, the frequency of
acid rain weather is the highest, followed by spring, and summer and autumn are relatively; Acid
rain prevention and control can be carried out from increasing government supervision, controlling
industrial coal burning, treating pollutant emissions, and optimizing the energy structure.
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1. 5|8

PR 2 pH EHAE 5.6 IIRABEK. RABKMEREEEW. T, BF. @I, AEHTREIR
A B A A S A B AT AR S T T B R R IR, I A 32 B K R A T 2 B BRI R
DRI T A K e e AR A I AR AN A E > 2 B R R g, AATTRTREVR 5 SR B AW, 0 b DU 32 it ae s
SERIE RCHE B S AP B AR IR IR, EEET K T ER N RIS (1] BRIAEFR 2y “ MK T B )
AF7, FEERAME. BHosct b, IR AES RS, OBV S B8 52 507 1) 5 RIS ) i
—o DRIRR N RHVAT I S v = AR R, AR5 KA A OB R S R, AR T KRR AR Rk,
T AU KA EDIET . TR RWEF iR AR E A= R, BRWNEX 5, Kk,
AR, BRSNS RN, 1RSI RAFF VRN, 0 NBAEFRMR R A faH . JLRTAT
HME R, BRI, BT ERGRAERESEX, SRRHFRSE, BELXT™E, &
Tk, WAEZERE A AR LA X 2006~2023 AEER RS UL R, 48T 4R R pH B . K (K
I AL, A BT AT LR X BTG pH . K B IR K A At a3k 47 4 T 208, N H S IR B A
RS EHLE,

P K pHAE 5 T 5.65, BRI H BATURAE 0%~20% 2 1], K5 Ho kil 40 9 lEBR R [X 5 pH B 7E 5.30~5.60,
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TR R AZ AL T 10%~40% 2 18], 4 H A7 AR X ; pH {EAE 5.00~5.30, FRR HIAZAL T 30%~60% 2
], WG HRI NP ERWX; pH {EAE 4.70~5.00, ERW HIARAT 50%~80% 2 [F], 4 H K43 A H R
WX pH EANE 4.7, BRWHEIUIRIE 70%~100%, HHRIAERNX . @il o sisdm e e, 9
B X BRI V5 YL AN, P EIBEK pH E N 5.6, fERRN BN 38.3%, R4 — RN X &5,
AL LI X 8 TR R IX, Ui SRR A A E,  HAE 5 B 5 A DS T T G 1.

2. RHABMITE

AT FH IR TN Bk} 32 ORI T I T AR R ER WSS IT 18 4F(2006~2023 4F) R R B 7K H R AT
WEIEHECS H 8 I~ H 8 I)o WIS &K 3 BT B /K B . BEK pH . K . Z15R150 R H
Ry brite: HENTER 3~5 H, BERNGER 6~8 H, MENTER 9~11 H, XFNRFERN 12 A
FIRFE2 Ao

3. ERFYFERESS
3.1. pH {ES 47

3.1.1. pH HEFEE D

JUEHL X 18 £F(2006~2023 “F)FEFE/KFY pH {E N 5.64, HA4EREKF35 pH B S EEN 6.51,
HILE 2016 4, IRAME A 4.15, HIAE 2008 L 1), JLEMIXIT 18 4(2006~2023 )4 pH {5 %
MR IR N E, FHRAELL 0.1047 FERER, r{EHR 0.7654, @i T a=0.01 K ©Z KPR
5, VLIRS pH B Bk B I A B . A PIME IR, TE 2009 fE 2 AT, HLE X
FEREK pH EIITEZ F-FIE ML LU FOLE 1), pH AEAXTE/NAIRME: 1M 2010 4, L HX FF
K pH fEAE Z A M 26 L b, B I pH EEC hEBImE . 5540, @id LB X VY= pH
HHAT M, B B B & DUZ pH {258 481, 5.24. 523, 4.63 (W% 2), N pH {HLAXZ pH
i, HRREZ, MR MK pH EAH 2]

Table 1. Annual variation of pH value and acid rain rate, and K value of precipitation in Kaili area from 2006 to 223

= 1.2006~2023 F | Bt X7k pH (ERERFZR . M7k K ERFREN

o o 4.5 <pH ‘ Rl i 1 < .
i WEKpH Rl Rk pH<4.5_" 6pE| pH > 5.6 & P&K XJ;J?{%% I;:fg Ij\fg K <20 fgo—é K>50 M3
b5 = () ~ .. () = d) — d 9

EHE OKE  wE HE@ H(d) H#(d) £(mm) (mm) (uS/em) (uS/em) H(d) @ HW) (%)
2006 4.19 3.49 6.69 42 5 2 471.2 4617 279.0 20.6 0 17 31 95.9
2007 4.29 2.67 6.47 83 15 6 12189 11946 310.0 154 6 44 54 94.2
2008 4.15 2.44 6.47 87 17 4 1460.6 1439.7 192.0 11.5 4 43 61 96.3
2009 4.83 3.40 7.76 48 30 25 1009.0 993.0 159.5 3.6 6 38 59 75.7
2010 5.70 4.20 7.62 10 36 73 1114.0 1095.6 214.0 11.3 7 49 63 38.7
2011 6.08 4.53 9.70 0 16 71 1004.0 988.2 255.0 12.4 12 29 46 18.3
2012 5.68 4.35 6.87 1 55 79 1121.5 1089.5 180.1 9.1 10 55 70 41.5
2013 5.93 433 7.04 1 23 79 1342.6 1322.0 1584 18.1 10 49 44 233
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2014 5.69 2.87 8.38 17 25 79 12054 11802 194.0 10.1 16 50 55 34.7
2015 6.21 491 8.52 0 5 118 16519 16289 211.1 7.4 17 51 55 4.1
2016  6.51 4.97 7.48 0 4 113 12657 12455 180.9 9.2 12 68 37 34
2017 624 532 7.07 0 8 99  1069.7 1041.8 153.6 10.5 14 53 40 6.6
2018 594  4.06 7.58 2 38 85 1285.6 1256.1 151.9 7.9 11 66 48 32.0
2019 599 442 7.24 1 25 108  1348.1 13232 1855 12.8 8 86 40 19.4
2020 593 4.56 7.14 0 24 97 15235 14793 1289 6.6 7 93 21 19.3
2021 598 414 8.29 4 29 100 14414 1428.1 2390 2.1 47 66 20 24.8
2022 6.06 4.04 7.71 2 20 79 960.8 926.6 1152 3.5 43 33 24 21.8
2023 571 4.40 7.43 11 23 56 901.8 8795 171.0 2.4 42 22 10 37.8
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Figure 1. The trend of average pH value of annual precipitation in Kaili area from 2006 to 2023

%] 1. 2006~2023 | B X F K F Y pH EETULEHE

3.1.2. pH HEE S B S

2006-07~2008-12 JH[ALE FE K& 3150.7 mm, FEERWLINFE/K & 3096.0 mm; FE/KHECH 380d, BRFIWU
WHHEA 261 d; FFERRWWIARAER 261 K, WIHZRWA 249 K, A=ZBRW 12 K; pHE <451 H
$212d, 4.5<pH1E <5.6 [MH%137d, pH{E >5.6 FIHE 12d; “FYIRE 4.47, BRWNAEERFIMH 95.4%
(L7 1). 2009-01~2009-12 HAa] & fE /K & 1009.0 mm, FRF M FE/K & 993.0mm. FF/KHEAE 143d, &
R H #0F 103 ds FFE TR RIARER 103 K, WIHZRWA 78 Ik, ARFRW 25 K pHE <4.5 1)
H¥48d, 45<pHH <5.6 FIH%30d, pHAE >5.6 FIHE 25d. “FIIIRE 4.83, BRIWMER TIME 75.7%
(L7 1). 2010-01~2023-12 AL BFE/KE 17236.0 mm, BRI FE/KE 16884.5 mm. &K HEH 2346
d, BRI EBCE 1616 d; F5&HFALIMFRER 1616 &, HEEFA 380 X, AEBRF 1236 ¥k; pH
H <45MH%49d, 45<pH{E <56 IH%¥331d, pH{E >5.6 FIH% 1236 d. “FHIBSE 5.98, “FI)
PR WU AP 394 23.3% [3] (L& 1),
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3.2. B EISnER

3.2.1. SR IRE D EFE SR

2006~2023 SEHLE M X R B RS HIUTR AT 3.4%~96.3% 2 [A](IL# 1), “FEIHBUIE N 37.3%, H
HHARTR Y H IR R B =i (EN 96.3%,  HHIAE 2008 4, ER Y H A2 1 B ARAE l 3.4%, HILAE 2016
T, P ZIAIAHZE 92.9%, i B ELHLH XL B R AU B A8 A B B IR B EOR . LI X 18 AR BRI R iH
PRI DL R BEta o F (LI 2), “FEREEELL 4.38% M ik, r{E N 0.7639, BT a=0.01 15
EVEKCPAR LR, Ui Wyt A A 2 o S L X DU R W RS IR AT b, L B K
K PUZERR N B 5N 73.3%- 59.4%- 56.6%- 75.5% (W4 2), JCLAAZEHBIER M KSR i
HWREEFEZT, TE BT EAL[4].
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Figure 2. The trend of the pH value of precipitation and the rate of acid rain in the Kaili area from 2006 to 203
2.2006~2023 FH| B XPEK pH EERFETHEE

Table 2. Segmented and seasonal trend of pH value of precipitation, acid rain rate and K value of precipitation in Kaili area

from 200 to 2023
5% 2.2006~2023 FH BHXFEK pH ERERFZE ., K K BENAR. 2FTHTHiESE
o = 4.5 <pH PR
T Fe/KpH pHIR pH#E pH=45 7 o pH>56 K<20 20<K< KK ER®
- ES Ol NN AME BHE(G) ‘ﬁ( d H#(d) MEd) S0MH@W) M >50 (%)
EES 4.10 6.43 2.82 45 1 2 0 11 37 93.8
2006 % HE 4.16 5.69 2.44 61 2 1 1 21 42 98.4
2008 meam 443 647 311 73 4 8 7 53 25 90.6
Mz 4.09 6.69 2.67 59 0 1 2 19 39 98.3
= 3.92 6.31 3.43 17 0 0 0 2 15 100
K 4.34 5.26 3.40 32 3 1 2 15 19 88.9
2009
S 5.06 5.46 3.93 15 3 7 4 14 7 72
hZE 5.55 7.76 4.04 6 5 10 0 6 15 52.4
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EES 5.87 9.25 2.87 15 85 207 13 107 182 32.6

=
2010 % HE 5.94 9.70 3.32 16 129 381 61 247 204 27.6
2023 B 6.23 8.26 3.93 5 66 381 134 221 97 15.7
= 6.05 8.52 4.04 3 62 274 48 193 97 19.2

3.2.2. BT IUSREREE SO

2006-07~2008-12 /B F#Z=FIAKZ= K IR Y HH LA 22 v T~ & 2= AN E 2RI R IR . pH f/ME 2.44 HH
IMAEAZE(2008-05-05), pH fe KAH 6.69 HILAEFKZE(2006-09-05); pH EH < 4.5 IH% 238 d, 4.5 <pHH
<56 MH%7d, pHAE >5.6 MH% 12d; HK K <20 uS/em MH% 10d, /K 20 pSlem < K <
50 uS/em KA 104 d, %K K1H > 50 pS/em A 143 d (W7 2). 2009-01~2009-12 8] 4 Z= FIHFZRR I H
PSR i T R KRR IR . pH B/MH 3.40 HhBI7EEZE(2009-04-04), pH 5 KfH 7.76 HBLTE
KZ%(2009-09-25); pH{H <45 H%70d, 4.5<pH{E <5.6 fIH% 11d, pHMH >5.6 H%18d; [FK
K1H <20 uS/em FTH# 6 d, %7K 20 uS/cm <K ff <50 uS/cm 15 37 d, B#/K KfH > 50 pS/em H 56 d
(W3 2),

2010-01~2023-12 JH[E] & Z= R =R I H DUAE o T 2 AR SRR W tH 2 . pH dRe/ME 2.87 HIRL
TEA&25(2014-02-24), pH f KAE 9.70 HBIAEFHZ(2011-03-02); pHH < 4.5 MIH%39d, 45 <pHE <
5.6 MH#%342d, pH{A >5.6 H%(1243d; [F/K K{A <20 uS/em FTH# 256 d, [£7K 20 uS/em <K A <
50 uS/cm fIH 768 d, FEK K fH > 50 pS/em A 580 d (L4 2).

3.3. BRASMK K HESR)HH

2006-07~2008-12 #IH]: FE/K K <20 A 10d, F£/K 20 <K <50 A 104 d, FE/K K > 50 (6 146
d, /K K HEKAE 310.0, BF/K KAEH/ME 11.5. 2009-01~2009-12 #Afa]: [E/K K <20 FIE 6d, &K 20
<K <50 194 38d, FE/KK>50 A 59d, FK KAERKME 159.5, K K ER/ME 3.6 2010-01~2023-
12 #R): PE/K K <20 B9 256 d, F7K 20 <K <50 (I 770 d, FR/K K> 50 (4 573 d, FR/K K fEHK
B 255.0, FE/K K AE&/ME 2.1 (W% 1),

MARIEHE R FREK B2 K R, S 36 RO R s R B, K AAE RN KA
IRV R R S b, I SR B L [X. 2006-07~2008-12 3] K 18 > 20 HIREHL K 1 < 20 HIR%
%, KABKMEFFEERZ; 2009-01~2009-12 HAR] K FEK G FE S A Arir s, (H2 K{E =20 1
HEAAJE SA T 2010-01~2023-12 B S K 17 R A dE— 2D 0%, FRili2 2021, 2022, 2023
SRR RSB AR (R 1R FE A B A AR Ay LU, AR N SRR I R AFAE — TG G (L3 1)

4. ERFIEEIERRZ
4.1. BRFMAEENE

TEATH PG RN SR T BEATFEOF RIS . Syl B IX BR N V5 Jett i, 8 BUF ol
RN L R, X B R X ARG T R AL R B A I HE O AT AR AR A . 98D R Sk
Y. BEN I SRR I SRR, KRITIEAT R BEOR BRIk N L, ZRGTFRME. BB, X T Emi i
ICBR I SAT B 45 . DRI AE J5 S 4R 224800 1 AR ot T B 3L T A BURFE TR, 0 24K 282 I K SZVE AN e
DI, G584 by, RO S AR N B VA RS e HE O S AR, 38 SR M Rk TR R
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VG NATET H &GS, 5B Tk A R PO SIS CrI B R0R, R HRBONTIG 25 G AR ) SE 4
AR Rt I B X R TR R, BRI I AL S R BRI E T . TR “Pim— 87 ((“ midEaE.
G QM BEIE 7 )AL I H BB, AR Sk AR ORI R I e 5] o

4.2. ¥EHI Tl ReE

DL EL b XA O F8 1) AT 202 ORI, M A 7 AR e e 25 TR AR R, DAAT 20/ AL 47
AR, 3T RIS A2 I R AT e 51 6T L B e DR A 7 H R A S REREAT AR g R AR B, RT DA
B AR 50% 76 A7 I TCHIE, AR 7= RS BRI s o FR T AR S AT b P P 6 3 SO SR R o o e
PRt s 72 I DX Py R Do HE T (R AR AR, RSl R TiT B A H 5 A i R AR A T R AR
R, AR R

4.3. TSR HERAL IR

N T A BRI HE, 5 At A M SR BIHESG BB R IR e b Aok R B i
QWA B B, RS AR B e R BB B AL B s 3R T DA D ALK A IR, Tl R
SHEBU T AR A e B T B DCANTT 4 [ 57 MBSO DL R 5 e 7 B AR ol ST o6 45 5
FEWGT RS X T AU O e s RERE,  BI5 Qe XE DIA B & 8 Tk i 48 Tl IR AL B, L L
DA T 2 10 H B0 PR S HIETBOBEtE 006 20 R) 2 il 4 S e A9 A MR B AR Bk A it

4.4. MRALRERSHS

B 50 MR RE T R TS Gl 5 T BRI, @ AR REVREE 1, R R i v e IR B A
RS A SRR Ja 7 A BT BRI REUR, AU 2 SR AL HE . E L B X R A P B 2 =
W, RIVREIEAGT RIS, KBGO RIS, @i xhE s A =i AE AR, TIse B gefeng., 4%
HHETBOR R N BE VRSO AR S RS H b RIS IR AR SR i v, $RTHASRIR BT, MRA PR
TGP SRR . . T LR XA s BRI Qe LUR EL A & 28 T 2 45 i
IRACER:  WUH 0 DX T A 7 00 A PR ROt A1 0 200 7] 25 0 8 A B A T U R BR AR et s AE SRR
RIS, REFHEEBREA, Bl SO, /R, ASRBLTRM . MO A, A TR AT IR
MR BN B oA R RR R, KT 5 “ TR RedR” -

4.5. HEFRGEHITIE

TR B N BB ARG B AT AL, DL LB 42 R SHE S E AT R ], i e (AR 38 30
5o BERERINEIEBUTECE, RSB AT, B ARBATRMR SR BT 4 BATEDy
o MRGGEER. PiEBRW TAEWFIFRE, FRERT 7R AT A SEY &R, Sl XE A0
X, BIEAMIGE, Ml et g, SLEMBRA AR, §l: L3I ZE I sEANA
ZERA(EEA RS PRI X G4 TR, §7 RIIX SR AR, ARISIR TR, e H i — L4
SRS SO FIR R . Ak S, AR SEIEEERAKR[S].

5. &g

(1) 2006~2023 F | EH[X &K ) pH {H N 5.64, BARRBMEEARENT, FHEEDL 0.1047
(iR, B T R E KT, UiBH pH {E R R I A R

(2) UL IX R YR ST 3 AR E N 37.3%, B4R DL B34 08 8, ~F 38R 4 DL 4.38% 1 2R 3 ik ,
SR RNETE L CV G o (T VUL PR SR AL S S T
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(3) MIICRERURF M I RE Pl TR 805 G HE R B L DU A REVR 45 K 55 5 T Hh AT e PR Y
Biif, A

SE 3k
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31 Al BRWAEFEN] R RHER, 2000-07-28(006).
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