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Abstract

Based on the monitoring data of 5 water quality sections of Wujiang River in Chongqing from 2011 to
2020, combined with the economic development in the region, the environmental Kuznets curve (EKC) was
fitted to analyze the relationship among water quality, population and economic development of Wujiang
River in Chongging. The results show that in the past 10 years, there is a typical inverted U-curve relation-
ship between ammonia nitrogen, zinc, total phosphorus and fluoride and economic development, which is
located on the right side of the inflection point of the curve, while the relationship between permanga-
nate index, 5-days biochemical oxygen demand, fecal coliform bacteria and economic development is an
N cubic curve, which is still on the left side of the inflection point of EKC. The results show that with the
economic growth, ammonia nitrogen, zinc, total phosphorus and fluoride have reached an inflection point
and have been well controlled, while the parameters such as permanganate index, 5-days biochemical
oxygen demand and fecal coliform group may be affected by new technology or mode of production, and
the inflection point has not yet been reached, and it is still possible to pick up in the coming period of
time.
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1. 5|8

FEBEXT S LA TG I AT, AT TR AR A BT 9 G FE R e, AN A4S X 8 0%k J 5 /K P 5 ot 2 1) 1 o
HK R FAMBH AR T. KEMF TS RERN, S5 SR BIR N FERTE S HEBUK -, s
Y Hb R K PR 0T B I S B S, (R, KRR ) BRI S X G R S AR B AR MR 28 B 1 R
PEIA R RGPS 1] [2] [3]. CAMFFARE, K25 EFEE S Y NI KRR R FE—% “@E u” 2
PIHIZR, ROPRSEEE 265 K I ZR(BKC), fELTF R EVIIA2BEE AN GDP MK T, (H AT
— K E, V5 YRR R M X 22 B4 A3 GDP 36K 15 2 AR 4]

NTUERBE LT Z MR R, ENRFRAN ST T KERPT, SR F RPREE G 8 & R
Bi - B B5][6] [7] [8]. REE#R(2021)3E T EKC J7iEX T BEA I AR M 285 - R4 AT T &AL HT[9],
IMEFEQ019)HE T 1 BRIt KL 52 5F R IR G EL[10], IRIESEQ019)HIFT 7 =Wk e X A IR R 22 5 A2 1k
FKAR[11], ARFEE(2017)5F B BH I K PR B2 i AR 5 4 5 KB HEAT T FE[12]. X SEF 5T 45 K B, M EKC
BN R B IEK F NI 7K DL B 48 2 5 K DX 3836 L P9 R F 0 i S P AT, ALK SR SRRV 1403 4 X B 938
B RO o SRR A X B AN 7L, R /NN IR N S5 SRR TR LA B, B S hRUERY EKC
AT LUXE, AT TR P A AR a5, IRt P &% X Bdh AT /K B2 R 5 E AN B R FH B A At
KIS HENEH  ARCHEET SYLE KB S A /KT W A, 4560 B S XS 1 255 R BB L[ 13], B
XA A KT - Z0F P A 1) SRR B, R4 0T DI P R /K A58 0 AT I AR T, AT S i i, A X
WA A B AN 5 AT RR A Rk SR AR — B IR S %
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2. MiR7GZE
2.1. ARER
SR 2R X X SRR VAR FE[14] [15] [16] [17] [18], fAGHE = U2 U Rl A BB SR PP Al 5T 5 PR B
{1 EKC £k, HEEABIRT .
M, =a+BxGDP +yxGDP* +5xGDP’ +¢& )

b, MONSII SR TR BEES; GDP N HE ST H KT KA X(E)AEBE: av B s
0 Al & BRI A G S 4

2.2. SHUEE

KT FEARAZ B GB 3838-2002 ([H FKMhRAKIA G T EARME) ISR S VPN IEARIE , JBRPss R AR A H 1)
% FAE(COD). fi(Cd)s Hi(Pb). Hi(Cu)~ fifi(Se)s K(Hg) fH(As). 7SME(Cr(VI)). FMHII(CN). LM
(Ar-OH). f1HZE(Oil). BB T RIEEHEFI(LAS) . A ESH, RS () BB (NH;-N).
SBE(TP). HHAEMFAEBODs). BAYIF). £ (Zn). ERPERE(FC)SE 7 TS HUE Nl & 1%L 5 K BOK R
OF

SOt RIETH, KRATHE,. #2KE, REXMREXSE 4 NXE)PAIEF RER R BLX 35 1) 4
ANMX(E) AT B BRI Fod X84 7= Bl (Epp) ITHE A A
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Ny GDPro HXIAF B AH; N XA A FE 5
2.3. BIEKIR

A KR T KT ZOK SR KBS I A, S Wi S b B G 2 51858 . AR UK AT i B 7K 5 7
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Figure 1. Sketch map of study area
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3. RS9
3.1. HELFERIER

RAEFI IR, 53] 2011~2020 VT R B I X B & P\ AR = BB R AE O 1), HoR & - E
2 flizn. HERIL, 2011 24, DyTEKE XA ml il K, 2020 F XA A7 SHIE 1895.54 47T, &
2011 4E1 2.35 £, AIIE PN SE R 2011 E19 2.36 5. =27 RES, 2020 457 BB % 2011 4F
3K 127% 83%- 240%, AIWL, X EIERE, S =K R, B—relkike . [FR, 2011~2020
SF YT E PR B X N O 8 S B H S 1 s B B A, (SRR AN, 312.74 7T N I%A 31078 Ji N, 0
K 3 Fios.
3.2. KKREER!

BT RSB GRS E ST TR Egpp U WA 2, A 7K 5405 22 1 % Wi T et 0 2 P 4 (1 RO
HES 55,

Table 1. Indicators of industrial and population development in study region from 2011 to 2020
F 1.2011~2020 FHRKBA~ S5 A O K RIERR

43 GDP (fen) #H—r=lk(ferm) Hlkdeon) #E=rk(dzm) ARCIAN) ABWRAGCT/A) NS

2011 808.01 84.13 481.14 242.74 312.74 25,836 0.1
2012 897.19 92.15 526.09 278.95 312.98 28,666 0.1
2013 989.43 99.61 571.09 318.72 313.33 31,578 0.1
2014 1090.91 106.97 618.51 365.42 314.10 34,731 0.2
2015 1177.53 116.50 646.20 414.83 312.42 37,691 -0.5
2016  1355.18 136.07 720.97 498.14 313.50 43,227 0.3
2017 1495.80 141.40 807.23 547.17 312.38 47,884 —0.4
2018  1616.08 144.62 771.24 700.22 311.87 51,819 -0.2
2019 1797.32 164.72 843.39 789.21 311.85 57,634 0
2020  1895.54 191.32 879.75 824.47 310.78 60,993 -0.3
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Figure 2. Total value of industries in study region from 2011 to 2020
B 2. HZTXIEA 2011~2020 &2l Bl

DOI: 10.12677/jwrr.2023.122020 173 TK YR 5T


https://doi.org/10.12677/jwrr.2023.122020

T IR P 25V R B 24 (1 5 Y EE PR BOK B 2 T F 7

2000 - cDp - 340
1800 | M - 335
+)\|:|
1600 - ™
G — - 330
o 1400 1 _ A
o 1200 1 — - 3235
1000 - - 320 7
© 800 n 7
1z. i | - 315 A
i 600 - T ~
< = L 310
400 -
200 - - 305
0 T T T T T T T T T 300

2011201220132014201520162017 201820192020

Figure 3. Changes of total industrial value and population in study region from 2011 to 2020
B 3. M5XIEM 2011~2020 &£~ BES AOERER

Table 2. Pollution index and per capita GDP
2. ISHIERRS Eopr

o Invn NH;-N TP BOD; Zn F FC Espp
(mg'L™) (‘L (o)
2011 1.23 0.084 0.487 0.87 0.0090 0.577 5067 25,836
2012 1.30 0.078 0.427 0.93 0.0120 0.400 5896 28,666
2013 1.43 0.080 0.370 0.93 0.0094 0.413 6000 31,578
2014 1.47 0.049 0.180 0.93 0.0110 0.247 6367 34,731
2015 1.47 0.029 0.140 0.90 0.0030 0.207 5700 37,691
2016 1.40 0.024 0.120 0.87 0.0040 0.177 4771 43,227
2017 1.30 0.024 0.140 0.80 0.0030 0.200 1568 47,884
2018 1.40 0.033 0.095 0.61 0.0018 0.178 1374 51,819
2019 1.30 0.022 0.083 0.70 0.0022 0.163 2596 57,634
2020 1.68 0.031 0.064 0.97 0.0028 0.164 5236 60,993

Wi 2 fion, Lh GB 3838-2002 (/K IAEE T fEARiE) JEAT HARAERRE, T 10a 3K, Iy~ NH3-N. BODs.
Zn. F 2500 H G2 1 2OKIRMEER, FC REWAL 1T FOKMRMEER, TP HEYINS V KIEH LT E 11 KF.

SEA YT E PRB I ZS (B A R i) B PN IR0 A K S AN L 28 5% 1 R el P 5 LI i T s e ok R A
Y], WA B, HIE N AR, s 2 AR TR TS K, BT A R BCA BN Rk Tk,
TSk B Tk R K 75 e & Bt S U TF e . FRYE 2011~2020 4F 55 P T 7K 98 5 A J0OM1 3 D T AR 28 R A 4
TEIT 10a P, SRR, WAK FC X —ZAEM AR bR TEA, D55 BB [T 45 T35 G K3 4 A 7E TI~ITT 27K
JRUAW, #AHEEELT 12K, KFUEERELE, SAEEMEAR, R H BRI 7R
2 (AL B A, 25 T DA ZE VA5 R T DA S A FE S50 AR Ak R 34 A 5 I — SRS [19]

3.3. B &ITHRY EKC ghek

LA 2 thBIETEIX N Egpp {F N AR, &5 QMR A N RAS &, R 2011~2020 SF SILHE KB Egpp '3 5
AN WD A A BB P = IR R AR . AR Ak 38 ILIE] 4 2= 15] 10, % EKC HIZRIIMRSHOULE 3.
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v 17 EKC HIZE:

Y =9E 14X’ —1E -8X* +0.0005X —5.0626 3)
NH;-N ] EKC Hi£:
Y =-6E-16X°+2E—-10X* —-1E-5X +0.3388 4)
TP [¥) EKC #H%k:
Y=-=2E-14X°+4E-9X*-0.0002X +3.4129 %)
BOD; /] EKC Hi£k:
Y =8E—14X° —1E —8X* +0.0004.X —4.0497 (6)
Zn [F) EKC Hi£k:
Y =8E-16X"-9E -11X" +3E - 6X —0.0245 (7)
F /) EKC fh£E:
Y =-3E-14X°—4E-9X*—-0.0002.X +3.7196 (8)
FC ] EKC HiZk:
Y =1E-9X°—0.0002.X" +6.2805.X + 73904 9)
2.0 -
1.8 -
a 3
E” 1.6 -
I 14
1.2 -
1.0 : :
20000 40000 60000

AN#IGpop (GGo/N)D

Figure 4. Permanganate index EKC curve
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Figure 5. Ammonia nitrogen EKC curve
[l 5. NHs-N B EKC Hi%k
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Figure 6. Total phosphorus EKC curve
F 6. TP B EKC Hi%Zk
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Figure 7. 5-days biochemical oxygen demand EKC
curve
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Figure 8. Zinc Y EKC curve
8. Zn B EKC h%k

Zn(mg-L?)

DOI: 10.12677/jwrr.2023.122020 176 TK YR 5T


https://doi.org/10.12677/jwrr.2023.122020

T I P 25V R b 24 (4 55 VB PR BOK B A T F 7

0.70
0.60 -
0.50
0.40 A
0.30 A
0.20 A
0.10
0.00 T .
20000 40000 60000

A#6oP (GB/N)D
Figure 9. Fluoride compound EKC curve
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Figure 10. Fecal coliform group EKC curve
10. FC #J EKC h%k

F(mg-L?)

FC(A™LY)

Table 3. Parameters of EKC curve of each pollutant

3. BT EKC &S

A Ty NH;-N TP BOD; Zn F FC
BT -5.0626 0.3388 3.4129 ~4.0497 -0.0245 3.7196 73904
GDP 0.0005 ~1E-5 -0.0002 0.0004 3E-6 ~0.0002 6.2805
GDP? ~1E-8 2E-10 4E-9 ~1E-8 —9E-11 4E-09 ~0.0002
GDP? 9E-14 ~6E-16 ~2E-14 8E-14 8E-16 —3E-14 1E-9
3.4. HiZaHh

1) NH3-N. TP. Zn fll F 475 3R EERE Ecpp 14K 2B BOVWIR AT B, X PTE K EKC #Zi =k
BREOR TR AL T EKC A B X IR IER TR RIS, ZBURE MBI T Firfl], iXey5 44
CVORIEFEBIRHERG TS KR 75 iR LA, #E EKC 2k ERBUDSB 7 Pii, 5 “f U7 Bk
AR AR L. (BRI RERE R, £ 2015 F)5, XJLIHGRYI T FF@SBIT RS, 1 NHe-N H1 Zn 8431
Hr BT, R A %35 Bk L5 R e S 3 B T

2) Iun~ BOD;s Al FC 4575 4¥1) EKC £ N 2L BOYWIRI “N” BURHIE, IXRWZIE5 R 2BE A

DOI: 10.12677/jwrr.2023.122020 177 TK YR 5T


https://doi.org/10.12677/jwrr.2023.122020

T IR P 25V R B 24 (1 5 Y EE PR BOK B 2 T F 7

PPN T, el e AR BIss, (HR S5 SRS IRI T Ty, A1 BODs #/2 RAL KA P FE BT 1)
SENLGIES L FCNRR ALK P B K e S =K 2 D, XI5 Y IR L 230 B K R FE
WA FR B AR KR T I SR8 AR A TR O KR “N7 RUH R IR, AR R AT B iR Bl
WA T RN AR G R S, THT B AR B (04 A 7 T 3R N I3 H R AR A = AE AN AT I 52 . e B4R
e AR BT BOR AN AP 05 3CT e P AR BT AR R AR, TR BT A . RN AR BOR A A 7 07 s B 4
W1, NATARAESE 52 I SRR, A AE AL 2 U B AL R e SR KB A58 [ 8, 4 2 e o Fe AT M AR 2
Iyins BODs 1 FC [ii Egpp FIASACUERAT B IZ BB RS, I /K AAT] BE 15 32 BHTHOR 508 0 A2 7 75 205 .

3.5. AKBURZTETM

TP 4~10 W1, GEHUR 7 B0y B3 5 XN Ecpp IAIRTEBON S, U6 I I ZR R BT, BoRih
TG T 5 AR L. (HRIN TR 2], JFARRTA 240 EKC 2k BRI “f6 U
A, AR MRHME, NH-N. Zn, TP A1 F X750 2 2 IUMIZHT T FEIIRFAL, 1 Ty, BODs Al
FC M EILHAEF M “N” BUFIE. ARYE % S50 BKC MZRRIES, S8-S0 Kok — B 1o (i BE A AT
it o

NH;-N Al Zn fUL& fhZe bz T EKC “ff) U7 BRUHMZERA B IR RO IAE 2011 4FLAHT, 5 NH5-N
A Zn FT5 GPIREER: 2 BUT R, (H T FRd R A P Ae 2% .

TP A1 F il M2 thiz T BKC “f8] U” R4 B TP N 1075 QR BOR S ELAREE T BRI %

Iyinn BODs A1 FC fALh e M2 W ELARRFIR, JFARMESER “fB U7 A, T2 2B N7 A, i i 2 B oA 0 Ar
TS R A B Pim MR I, IS RAE R & LR 3.

4. ER 5T

ARG GB3838-2002 ([ K MR /KIS R mbrite) HF RIS BN IE, BT Iy,s NH3-N. TP,
BODs. Zn. F Ml FC %5 7 MNH, 597TH R XA AN TG, @ BVTHE KM EKC #iZk, K
PRIEEHT A W H 24 EKC HZR AR E . o NH3-N. Zn. FHI TP £ 4 WS HUEAE SURL g “ {5 U7 AU g2k
RE, LT HMENAN, ELFFHKM Egpp ST RIFIR 2] TR g, SHILTB0P R, HIREKE
A4 BRI T Tyes BODs A1 FC X EM RN “N” B =2k, HRAEIKATS G R 4T EKC i
Py M, B A I, s PRk R A IR TR T RE

AR E AR 4 P VTR AP B NZ S A, EEE LHE T (ERTKG PG
A CHR PR K 26 1) 45— R AIEA 43K, X COD. NH3-N Ml 4 81X — AL G RS e sicit 7 KB KAk
RIS, WM 7 K S8 EKC M8 s M E B4 a0 . BB S R IR IR, K5 g
YR AT DL 3% ) FE AR AT N X B N o (LRI 8 i E R, BKC M ZRARELH 183 s A R s TE T B K A b %535
PV SHBEE NN TSR T T — @ HE ML, EA R 05 Yo RE A 1 17 s Al Ko SR R R 42 il
BRI i — FAR W, X5 R ARG B UCEAL I TR . 10X T Ty BODs Al FC X — 2K AR 43 2 £ 55
GRS G, RRIE G HE— DAL Rl B8, P AUE R BB, 5 W7 75 4% HEAE DG LR k47
B E .
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