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Abstract

Based on years of water quality data, the STL (Seasonal-Trend Decomposition using LOESS), sea-
sonal Mann-Kendal test, Hurst index method and water quality index (WQI) were used to analyze
the current status and trends of the Yangtze River mainstream water quality. The results showed
that the water quality trends along the mainstream were different. The dissolved oxygen in Panzhi-
hua, Chongqing, Yueyang and Jiujiang had a slight downward trend, while Yichang and Nanjing had
a slight upward trend. The CODwm, of Panzhihua, Yichang and Yueyang showed a significant down-
ward trend, while CODwm, in Chongqing, Jiujiang and Nanjing showed a significant upward trend.
Nanjing ammonia had a significant upward trend and the remaining points had dropped signifi-
cantly. The above single water quality indicators had smaller variations. The water quality of the
main stream of the Yangtze River fluctuated between good and very good; the water quality in
Nanjing showed a significant deterioration trend; while Yueyang had a significant improvement
trend, the other points were flat and the persistence intensity was strong. As Nanjing is at the most
downstream, the decline in water quality may be caused by economic development and human ac-
tivities, and should be highly valued by relevant government departments.
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1. 5|8

AR, BEEREMSETRIEE KR, KGR Sk B 5| m B E . BRI RKITEA
G AESHERP TEC IR Mk, EEEEEEM, HE T —RIEZM, EHEZHENE
GG R ETT AIARIRA AL, KITAESHEDRGAIREHE IR . fEE KITRIRE T2 MR R Ikl
EHERE R INER,  KAT /KA S IR B AE AN ke A=A 1k

Wi (KIL A5 A SRR, KITREE 20 EIRAETR AN T 39.03%, #H5 KAIR 1T
BETH R B N 3G 02, IR B B E . 2005 4, KILRER S /KHECE N 296.4 {20, 2015
SRR 346.7 ALWECAF KT B A EKFI STIHEK 368.5 420, AE PR /KHE), 5 R
Lt hn 7.9 120, 381 2.4%, 2 2015 4F, SIEEIE 17.0%, 2EEEMER. AN =M. KT
T X AFAE R IE Vs eI s 07y SCRUK IR 2, PR & 8 R RS BIE 8] IR A 2
JEAE Xl A7 AE R KAR . 5 (2017 FHEAESHEREAIRY , KRR, LIV E, Vv E
MV, 52016 FAHE, TS WE ELF R 101 ANE A, T EFA 152 ME5 A, IV ETR
S51ANAS R, HARSEIRE . BANEFRA ST A A0 1) (4 E R KA T 0 ALK 55
BRP R A CKITRBUK SRR E AR FEEE B8 KT T RK R E AL T REPRE, BRI TRE
N LR ) R B 2R, FOKBRRATI A AT AR .

KATAKFAH R AL, EZAGA LT U7 : 1) KL/ 2 2520 R 2 FR AR . 1993 4F,
KAT AR D R KK R TRE: =0k T AR . 18 22 23 At = 0 T2 A B WK T /K i s Bl P 52 i
BT T RERIBIFL[1]. = TRHSAT EER KA N T R &, &5 7RI T e Bl /K B R K
RSP, U8 1 S B e K B 08 BCRe v, 2ETORHATIE (A5 A T — 8 I RE A 2] .
SR TRIEATE, HTREFEN BTN, A ERH RS G880 B A 2N EH(2].
TE 4 S KAT Rk SR T8 KV L TIK B s, XF 2000~2007 4 LISRKIT T RK R BT T 08, 8l
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FIKFEAARELT, ARG RIERIGRAROER], KA BT[], TNGREXT 2004~2014 47 ZIRK
PENH PE AR B BEAT VRN, RIRN R AR BT 1. 10 280A]; AFEIIN B KR AS AL B 5 S 0 R A, Tt
JE K JFRAR A BIEARAAR [ 1]. 572 BT 17 AN T PR AE I, 92 Markov FEALX AR 10
SERITK R FEABEAT T, e AR 10 4E 1L 1L L. IV KEZERA, 1 V. %5V EKEZE
SEREIN[4]. BT SRR KL F IR AR A AT W FC B ATIR B, AR SE = S AR SO
ZAERNEAE, ALK BIGREEAT 208, FFRD T 2004~2016 FERATLFHK BT AL EH .

2. MRISHE
2.1. HERFESAE

PR 5 S SR R - 2 A Sk AT T KT B s M R R . %R rR AR S BR B LR A o0
(http://datacenter.mep.gov.cn/) LA JE S (B BEI0 R AR (M 2004 4F55 1 24 A SCIEE 1 KT T 2Ll
U ELI B] 35 ARG K 6 Wi, 4% BRI RIRUC: B, ER. 5E. &M, JUL. M
#1). HT 2017, 2018 BAEHR IR Z, ASCEEL 2004~2016 FIEHE AT /00T, T EIARAEIRE
(DO). FifhIR Eh FEH(CODy) FIZ A (NH;-N), BN mg L™ KRS BN AR AT (HhRKIRES
JRERRE) (GB 3838-2002).

Table 1. Sample sites information

=1 HaER

Al b T Ear)icA ZJ% HUE
B AE YA 26.59728  101.50657 BT A B AR AL T 2 0], 7ESERAET B2 40 km &b
EUN VS 28.99944  105.85080 BRI, AT EPIRIX _EFZ 180 km 4
HE FHER 30.76081 111.27319 PFZ W BATR, BB IR E e Sk
JUIT. WK 29.72943 115.98112 VLT, BPPHIS KRS 1 4 30 km
R WL 29.44979  113.14870 BLTRBEH] 5 KL ACIE H T4 1 km b
[ Ml 31.88643  118.52390 Bl VLA T, AT st L4 30 km

22. ARFZE

BTN AR S RS A 72 B B S 00 R AV AR AL, VTR 52 2200 | A B S TR P AR A s ma AR K
7 SR PRI ) AR A A0 AT AN BE UK SR AR a3, M8 R HERR T30 R 22, 5 R AR Aot A% v [ 45 1 ) S 1k A
BEANLIRFIE . STL (Seasonal-Trend Decomposition using LOESS) KA @ &5 MAL B AL BT #L G, /& rl A4k
BEAEL N B AKAES B ST IE, IEE T ARKBFN 5] Z M s A Rk e e 7K 5T 2L
TEA RIS AR A F (Z%) (3T Lhie, o 7 2RI mi[6]. 48 21 PR H I RS I 40 v & ] A ok
P WTEE, T F S A0 AR A B 0 2 R RIS R Al T T, KK B AR A B ) RN i
1T BT, AIIETIAR KK K BB 6],

IR AR R A 5 0] A Hurst 15 20250 W 77150 € - Hurst 58 205 H T8 SRR i 18] 7 210 R 2k,
BT AESE ot ik, SR EE BRI D ARE, —McRH R/S 2 HTiE T Hurst $8%4(7]. Hurst $5
H(H AB) AT DA R SRS R R, HEUE A 3 MBS @D 35 0.5 <H <1, RUNZIRFRIERTRE B1)
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TR AFEANE, &R0 DGR RARE)—NMEE, RINEFIRT IR @ & H = 0.5, &Y
ZAEAR I (8] 7 SO AR IRENLR 51, By “RRBiE” 3 @ #H 0<H<0.5, RUNZIRFRAI A7
SRR B A Redf ek, AR SAKEH ZOMK, FHIA R, H BT 0, HRRrs:
PEBRGE; HEBEEIT 0.5, W75 FOREALIE LR, B 1, LRl 1], 55 1 MOAEE 3 it ae]
DAt — 4 59 80980 )9 5 (1] (WA 2). MG Hurst S8 80E 75 5 F W B A /RIS &,
I3 5 TRV L IR K B 3

Table 2. Classification of Hurst index

%% 2. Hurst 88 2R3k

ER Hurst4 88 158 PR TR £ Hurst$6 {# 15 FRo IR
1 0.5<H<0.55 1R 55 -1 0.45 < H<0.50 1R
2 0.55<H<0.65 L&) -2 0.35<H<0.45 L&D
3 0.65<H<0.75 B -3 0.25<H<0.35 LHE
4 0.75<H<08 CE —4 0.20 < H<0.25 ]
5 08<H<I R -5 0<H<02 Roik

K KT i #%(Water quality index, WQI)X KA BT S 3E AT PR o 12320 HE 25 VPAN F8 A5 I AH X 88 LR
JE, X &R EUR AR R A, IR IR SR SR BT U, RV 4R bR A 2 I T ik . WQI
TR ATRIR[8]:
> CixPi

>F

Hor, kARESTKB M BIWHE, X R KB 1, ™S5 Qe RKARIR{E 0.25; Ci AREARUEIL KR
ZH K YE S WL Pesce KRIMISCE 8], PiARRKIASEMALE, pH AL 1, DO KA 4, CODy,
A NH;-N IR 3 [8]. HWIKFFAE kM6 1, WQIHTE 0~25 Z [AMREKFRIEH 2, 26~50 AFEKA
75, 51~70 fRFKFIF%E, 71~90 FRFKFELF, 91~100 RF KT AL LF[9]. A SCHTA il B A1 o Hr 3 4
FI R3.5.1 581

3. ZRS N
3.1. KEREXFR

BIF 9 DX S8 5 R I S AR LT B LR 1, AT B K AR S gk, ARG (B RK S B An e ) 2
ATH PET AR AE, BT T XK A g A A B R AKOK IR BT R T K bRiE, Horh 6~8 F B Rt AU 21 111
FORbRAE,  FoAdL sl AR R R IE B I OKFRAE, AR BURBLESF - L pH T &, I 1A) -7 S B AT e
AR ) EEBERARA B, UL pH AEXEUR. B DO TS, WA B BTA R A
BT A LB REAETTT RSV, I UL 5 a B, HWINME 2 FF &% . 5t CODy,
M5, AL, ERME BT NEINE, (HEEhERRKEER, RAHEEEAE SCME B B ARG T Ho Al ke
m BTGNS HAd R AT, R . B NH-N T E, R E &=, LR AR
AR (R B AN L & DR 2 A, E DR BH AR B

wol,, =k (1)
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Figure 1. Spatio-temporal dynamic boxplot of water quality parameters of various samples (The blue and red horizontal
dotted lines in the figure correspond to Class I and Class II water quality standards respectively)

E 1. SHRKRSHAEaSHELEERER . TEKFEEDHIIR 1, 11 2KEFE)

3.2. KERZELES

4% pH. DO+ CODy, I NH;-N 45 4 UK BiZ 4, SR Z 5 1k 0 AR A I Ak 1 a8 AR R At o
ST 6 AN M-I i (K K B AR A 34T 1 e AR IR 3.

HLS X pH S Hras RARHT: HK. BIat pH A/ME LTHES, BEHE. BHE. EHMJLL pH
A/NIE TGS, 208 HIAREE MR EURERY], HIK pH ZBEH AR, HARE S pH 2@
W EEFAE sen’s BAHIM, BHE pH RMHEREMR, HAR® B, WFFEMRERE, BE
Hurst 650 0.75, FRELERREESE, HoR % & Hurst F8EU50I T 0.65~0.75 Z 1A, B HA RS R R,
Al 2747 2 H A K FH A SRAR B0 45 RAE W], A B pH B AA BEFTHMKRN, X5HE pH RS
908 P B 5 L AHIT B o

A X DO @H i KRB L. EK. B, JULH —E FRERES, BEMERE—
SEM BT . RE MRS 45 KRR R A F s AT B ko I F11E sen’s RERFIWT, R R
ANERH DO A2 R B, B B AT ARE R M8 . Hurst JHEEE R RW] . BAAE. HIK, HE MR
DO ZAUFFEEPEAL TR AR, MIVTAHERHAL TR 89 5. SR EMRE RYAEE .

HL& X3k CODw, S T A REW] . BERE. HEMEMA BEVE TREYS, mER. UL
WA B ETHES . mRIAUE B AR A AR, BERE AN AR E A A0 . Hurst $RELS /K. &
PRAESENE SR RS, 16 PHACSEPE SR 0, R & sUE SRR B 5 IR B B A K.
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B X3 NH3-N B4 R E 0 BE8E. EIR. HE. ERAMLLARM TGS, Pk
HPRAN, HREmARLGEHREE, HaRAE RS ETHES . W sen’s REEFT A, Fra K%
AR LB . T Hurst 80T DAE H, B RAESEVESREHCSS, mRHEERrham s, HoR& nidt
TR . HAKREA REVEE ., R EAAREBML, HRSAEMAARE,

Table 3. Analysis of the trend of individual water quality parameters in mainstream of the Yangtze River

F 3. WITRIHRETUKFIERENEE S

KT AR ITITIES B H B HER HE el JLIT G
2 H R 0.00™ 0.39 0.00™ 0.01" 0.00™ 0.00™
2 H R B 0.07 0.67 0.04" 0.11 0.19 0.11
ot Hurst 841 0.71 0.73 0.77 0.66 0.75 0.69
A sen’s FIER (0.02) 0.01 0.04) (0.01) (0.01) 0.02
N Bk R 0.01” 0.06 0.83 0.13 0.21 0.00™
ZE B IAR B ARG 0.20 0.43 0.89 0.48 0.50 0.06
Po Hurst 541 0.70 0.71 0.70 0.60 0.58 0.65
ZEHT 1 sen’s bR (0.04) (0.04) 0.01 (0.05) (0.02) 0.07
2 H R 0.03" 0.01" 0.00™ 0.00™ 0.00™ 0.00™
ZE 2 H R B 0.21 0.09 0.00" 0.01" 0.03" 0.14
CODyy
Hurst 841 0.66 0.62 0.73 0.77 0.73 0.73
A sen’s FIER (0.03) 0.03 (0.09) 0.12) 0.04 0.04
B H LR 0.02" 0.57 0.00" 0.00" 0.00™ 0.00™
ZE B IAR B ARG 0.08 0.73 0.00" 0.00" 0.21 0.00"
NH;-N
Hurst 841 0.65 0.64 0.76 0.80 0.75 0.70
ZEHT 1 sen’s b (0.00) (0.00) (0.01) (0.02) (0.01) 0.01

H: p<0.05, “p<0.01; O FAAAETRREIL.

4. KRGS VEMN

THE WQI X BT A Ak T KR, SR 2. BT BOKRERE, % A0 WQI ¥ KT
90, AKBAEE L, W mE T HARE A =08 HIARKM IS RR A BTN, F=971% sen’s RHE42
i 0, KIAK AR, Hurst THE0R A AR GELL 1 SR BRI (K 4). B PIVLBOK R ECR, WQI E
ZAKT 90, KFUELLT, Z=77 2 H ik R IR B R AR T sen’s REFAEIT 0, KK UL
Fa5E , Hurst F8 5038 B0 AR SR I8 4L 58 FE 3 sm( 72 4). B B VLB WQI B 24230 90, 75 A H I AR U 18] 9% 3 »
2004 ~2015 FFMK A EFHESR, 2016 FREZNRK, HIEHARHE TR AT sen’s REZEFE,
KK T Fa, HAFserksmig e . ERVEE 2010 47T WQI Z1KT 90, 2010 4£)5 £ & T 8% 90,
N sen’s REFN 0.34, FFHEFIAE, Hurst F5 808 AR R B RGR(LE 4). JLLILE WQI fH
ZART 90, KA EBATRIPRE, A2, IWFENE sen’s RERE, KWK T PR, RRert
SRFERIR . P RTLEY WQIH 2K T 8T 90, /K BIAL THUFIRAS, (HZET5E sen’s RIZH-0.34, KK
JRA R E T MY, Hurst $850R W HAF 8 MR R R0 0R .
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Figure 2. Changes and trends of water quality index of the main stream of the Yangtze River (The red dotted line in the fig-

ure is the trend line decomposed by the STL method)

B2 KITRENSKRBEREUELEEETLRELNE STL FESRSERESL)

Table 4. Significance test and intensity analysis of water quality index change trend of the main stream of the Yangtze River

F 4. KIITFREFRKFIEREN RS EZHRR L RE S

SIES K BRI R HE 5 BH UL [
N 2 HIRR R <0.01" 0.17 0.00" 0.01” 0.12 0.00™
T 2 HERE KRR 0.06 0.44 0.02" <0.01" 0.50 <0.01"
Hurst 5% 0.71 0.73 0.77 0.66 0.75 0.69
ZA5 1 sen’s FIR 0 0 0 0.34 0 0.34)
W "p<0.05, Tp<0.01; OB EREREIE.

5. &hig

KT ] R R A AU AL PR AR R, KU AL H A b R T R BN SR . A SOR N R A
FIF 5 6 ML, 2004 42 2016 4F3L1T 13 £ pH. DO CODyy, A1 NH3-N S5 LI 5 47 A1 WQI

LB RIREEAT T ARAEB T, YDA LTS

1) AT (hFRKIAEE T EARME(GB 3838-2002)) A1 WQI $5X AL, 7EAHF LI Al F1 2 [a)Ja [, K
VLTI 22 B0 BORA 43 S TUK BRAL T 10 28, WQI 254 PPN 28 B /K B AL B L A A 1 22 1B 9 5

2) VRS W K BT FE AR A b AR e 4 — 8. BEEE. HIR. &, LB REDOVA — & N
ks, HEMEE DO A —EM L. B, HEMEHSE CODy, f W& NEE, mEK.
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JLIT A RS 5% CODy, WA B35 M E TS . P 5t NH,-N B B E M EFA S, AKX SEE FHF. Sk
o VL EIKBEARAE A W i (A2 AR FE 2 5

3) #t WQI 2L asokE, MataE TRES: s RET @Y, RraikmEZson. ma

KB T AT B S LA T T, 2L R R NSRS B KA 36, 31 SRR A1 10 e L
S5 3k
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