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Spatial and temporal variation characteristics of water quality in Tanjiang River and its driving factors // SU
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Abstract: To master the variation characteristics of water quality in Tanjiang River (TJR), the Mann-Kendall test and
water quality comprehensive pollution index were adopted to analyze the interannual variation characteristics of water quality
in TJR from 2001 to 2019. The principal component analysis method was employed to identify the dominant water quality
parameters influencing the water quality variation in TJR. The main driving factors influencing the water quality change
were analyzed by correlation model. The results show that the water quality in the upper reaches of TJR was the best but it
had a certain tendency of deterioration. The water quality in the lower reaches in TJR took second place and the tendency of
deterioration was not obvious. The water quality in the middle reaches in TJR was the worst and the tendency of
deterioration was the most significant. The water quality parameters dominating the water quality variation were COD and
BOD; in the upper reaches and TN and NH,-N in the middle reaches as well as TN, NH,-N and TP in the lower reaches of
TJR. Population and forest coverage rate were the main driving factors influencing the water quality variation in the upper
reaches of TJR, while GDP and water temperature were also the driving factors influencing the water quality variation in the
middle and lower reaches of TJR besides population and forest coverage rate. Additionally, the relationship between the
water quality change and natural driving factors were changed due to the impact of human factors.

Key words: water quality parameters; comprehensive pollution index; spatial and temporal variation; driving factors; trend

test; principal component analysis; Tanjiang River
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in Tanjiang River Basin
S COD TP TN Z: 5 ({5l Fe 4R H 53X 3 K
JE KA [ AR BRECHE | 72 4R 7K B8l # T g A K
PSR T AR B2 IOk ARG
PET 3 R b b R UK AR (& 1) .
N GDP Bk i R AR 5 238 45 K 528 fb Y 2 TR
PR ) SRS R U UL T B e AR

2 HIRFAIE

FFH M-K S 56" LA KK R 45 A 15 e 4R
B A B A HTIELIT. 2001—2019 45 1y 7K 5 A% Ak 4
AF M FH 2 B3 3 0 SR 32 S T K AR £k
9K ST B, Bl et A S AR R 2 A B i K R
ALY F KB R T
2.1 M-K#@E#E%

M-K 3 B — Rh AR S 8O 56 07 ¥, %007 vk
ANEREAE IR FE— 3004 B BA 5 S50 Jr
PAHFE R BE F7, Ao s &R D O AR
wo HoE I

WFIH 6, 2, 8,2 S

S = 2 Zsign(xj—x[) (1)

St ox, BRI RIS § AF RS ARG R, HL
J>issien WATEEEL B 0 WK, S AT U AE
LA . MK Geitit Z AR

S +1 S >0
Os
Z =10 S=0 (2)
S-1 5o
Os

Kft:og S WbsiEZE b Z >0 RIFSI4 Tt
¥, Z <0 RFIA TR, Z =0 KW ¥ 5k
T bTE X FREfkas, M171=1.65.1.96 2.58
i o 2R T B AR K- 90% 95% 1 99% 11



BEVERL GEIHRHIEE . DAL 2 W LU Y VK S 80 i
2.2 EEHHHE WL AP+ 70 8.3 o AT i) BODs Jot
ERII TR 2 B — e VR 20012011 AR EEA RIS, ZAEF- 2 (E

63

i, FR T ARG S PRl ZN P IE UL BULAN SR A7 2015 AR FI R KA 1. 90 mg/L, BHJ5 Tt i T

HEBHG MR EAMRR LGS 8 100 mg/L 747, 2011 4FJ5 WIJF 4Rtk b T, 75

W

ORI REZ M R W FORAE AR B gt ik, 0 2019 4FY 0. 87 mg/ L YT H R ) NH,-N i fi ik
A SR RIS AR EE Ny R ERRBIRE Y RAY T FEEE (HE 2001—2019 4F

T, AP T 1 BB s 85%  MAE T 4 W E R ik sh i 2, K
(T m(m AINFIFASRAEO A T ARG MRE 3 2014—2019 4R sk | BB B WAERIR 17 T

i
I

IS B BTRRER DA R4S A ORI R T3 fer R RAY DO S vk R e, T iR U, i e AR,

W BT £ T S G RE AUKR S R R R B LR T
PERT 2% CHR[19] Ve TP IRERS K 2O T T 5 A
D) B R A F T LT Rk
£ B E
3 EBRIAM e TR, R
31 KRERELSE T A VT K 2 B B P

B2 i b b R T BUKBS RS B AU MK SR I AT S b, 4
WRER R A AR, 3 1 I 2 KRS EOFREMERY W3R 2 Pros. IR 2 Wl RUA I, BT B 7 0K

—— bl —m—rhi —a— Fif

H
ES
[t
e

[t

9r 61 20
8+ N —
— n L
T w0 4F = 15
= 7F £ &0
&0 = =
E6 "3 =10}
= ) S
g 5§ S ‘\/‘W\ S s
<, 0 = = 5
3 L L ) 0 . . J 0 | L )\ ,
2001 2007 2013 2019 2001 2007 2013 2019 2003 2007 2011 2015 2019
gy iy g
(a) DO (b) CODy, (e¢) COD
30r 1.0 0.15 4
—25r T: 0.8 — L
B & = 0.10 T3r
E 20F E 0.6 & iéc
= > = E2)
8 1.5 :-, 0.4 é0.0S | E ]
a Z. S =L
= 1.01 = 02 | < 1
0.5 L L J 0 N N ; 0 1 L 1 J 0‘ | X ,
2001 2007 2013 2019 2001 2007 2013 2019 2003 2007 2011 2015 2019 2003 2007 2011 2015 2019
iy iy e E
(d) BODs (e) NH5-N (f) TP (g) TN

B2 BIKRSHRERELTLES

Fig.2 Change trend of mass concentration of water quality parameters in Tanjiang River
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Table 1 Statistical characteristic values of mass concentration of water quality parameters in Tanjiang River

L7 :mg/L
e rii TUE
VINITE 2
e/MHE RRAH HIfH e/ME RAE ¥fH Fe/ME ES N1 ¥IfH
DO 6. 06 8.03 7.36 3.80 5.43 4.90 5.49 7.21 6.41
CODy, 1.04 2.39 1.73 2.76 4.56 3.52 2.48 5.30 3. 14
COoD 4.29 11.67 6.85 12.72 18. 33 16. 15 8.43 16. 90 14.21
BOD 0.87 1. 90 112 1.44 2.46 1.88 1.00 1.73 1.31
NH,-N 0. 058 0.318 0. 168 0.255 0. 809 0. 494 0. 087 0.539 0.375
TP 0.012 0.079 0.041 0. 060 0.123 0. 089 0. 055 0. 104 0.078
TN 0.11 1.26 0.43 1.48 3.45 2.85 1. 86 2.67 2.26
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Table 2 The Z values in M-K test of change trend of water

quality parameters in Tanjiang River

fii% DO CODy, CcOD BODs NH;-N TP TN
¥ 0.52 -0.87 1.65 -0.10 2.13* 3.05™ 4.28™
hyE -1.85 311 1.89  2.06* -2.76™ 1.73  2.47*
Tl 2.27* -2.97*-2.22* 0.94 -2.55* 0.08 1.89
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Fig.3 Change of comprehensive pollution index

of water quality in Tanjiang River
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Table 3 Eigenvalues and contribution rate of principal

components of water quality parameters in Tanjiang River

FEEE TR/ %
B
SR/ £/ SN O /N ot/ S T
1 2,03 2.76  2.75 29 39 39
2 .05  1.31  1.05 15 19 15
3 .03  1.11 1.04 15 16 15
4 0.96 1.07  1.03 14 15 15
5 0.94 0.61  1.02 13 9 15
6 0.93 0.08  0.09 13 1 1
7 0.06  0.05  0.01 1 1 0

3 SRV b v UK B S B0 B Y i
5 HT 4 BT 5 A R F 0 e R, A Rk
4 PR, LR 3 MIZ 4 I RVE LK i 24
5 1 F 00 1Y STRk A R 29% , COD il BOD, 2 H:
ALK K LS AL, B/ MR 3, &
BIPETESS 1 R P A SR Y, TS 2 558
5 T B TTRRERI N 15% 2o A, M Aof 480 K 1Y)

F4 BELKRSEEHRSETH
Table 4 Load of principal components of water quality parameters in Tanjiang River
i hiiy T
KBTS HL
PC1 pCc2 pPC3 pc4 PC5 PC1 pPC2 PC3 Pc4 PC1 PC2 pPC3 pPc4 PC5

DO 0.03 0.94 -0.11 -0.25 0.05 -0.06 -0.13 0.98 -0.14 =-0.07 -0.13 0.97 -0.11 0.14
CODy;, 0.27 0.24 -0.20 -0.16 0.19 -0.25 0.88 -0.17 0.30 0.20 0.28 -0.12 0.93 -0.05
COD 0.93 0. 05 0. 05 0.09 0.27 -0.49 0.48 -0.19 -0.12 -0.01 0.91 -0.15 0.30 -0.22
BODs 0.94 -0.01 0.04 0.12 0.17 0. 08 0.18 -0.14 0.97 -0.03 -0.18 0.14 -0.05 0.97
TN 0.40 0.05 -0.05 0.20 0.87 0.94 -0.14 0.14 0. 05 0.94 0.23 -0.05 0.22 -0.01
NH;-N 0.17 -0.30 0.16 0.89 0.19 0.94 -0.10 -0.20 0.09 0.96 -0.16 0.07 0.13 0.03
TP 0.06 -0.10 0.97 0.13 -0.04 -0.81 0.46  0.09 0.04 -0.95 0.03 0.16 0.01 0. 08

E:PCl ~ PCS 45 fRERER 1 ~5 W),

- 112 -



KBS DO TP NH;-N Al TN, 56 B 3= RV
VKO AR AR 1 K B S 40 COD, BOD; DO TP,
NH,-N A1 TN, 288U, o] 61 38 SRV i K s AR fk
7K B 240 TN \NH;-N . COD,,, .DO FI BOD; , [fij /&
LK BARAZ BT T WK TS 80m AL R 35
3.3 KETUHIEIEF

KA SRS T A AR £, nl AR B 7 1 )&
e A SR E RN S R e 1N S A7 e o1/ 7 NG SRR -
RS2 K SR AL ) E SR P R B S A K i R
KR pH {H | A R FH 2 DL R R S5 5 A R F-
TR N O 42 2 55 K e KV LA TS e HE il
L HRBAR AR M B T SR, AR SCIE BN 1T
GDP 15 A h B 7 iy B AU AR 3, 16 R /K 6 L AR AR
IR KRR pH {EAE R A 2K N 7 1 S AR 3
I FH B 3K 50 R ST VL /K B S A TAH S
OYHE BRI S ~T iR,

S AT LU B, shOK sl R TR M R A, A
5k DO J COD,, A4 5 WK BT S50 2 W 2%

HIRIKEFHR,GDP 5 TP Ml TN 8 35 IEAH G, 3R A
P, N E R i K BT B 5 R R T GDP,
RN FOR 2K SRR EEE AN X T A%
1M 5, B K it 55 BT A 7K 5 S 88009 R DG PE 3 18
i W VA B, AR KT 5 R 5 BR DO, CODy,, Al
NH;-N SR H AR 2 80 5 35 IEAH GG &, K
{5 BODsF1 TP 35 IEARSC, pH {EERS DO 35 1E
RSN, HHAK TS HOCRFEM KR, RWTEA
SRIR Ty, B o 302 2 R K B8 A 1) 3 K )
T Al DL H 5 B s e s i VL 3 K o
AR T E KB T

[FIREHL, f1 32 6.3 7 nIHL fE N NI, A
H\GDP SR Y1 b | i K J5 A8 Ak 1) = 22 9K 5
DT s T AR DR 1 Hp, R 8 5 5 7Kl 2 R T
PARG SN 127 N i DB o e[S R

XFEEER S ~T BIGERATREYL b R A &
SR K AR A Y 3L R 9K Bl PR, BN 1R 2R ARBE
A, IR R 5 7K HEROR b i ) 288 78 45 X6 it Kk

x5 BEILEFKRSHERNEFHBAXERE

Table 5 Correlation test of water quality parameters and driving factors in the upper reaches of Tanjiang River

UK 7l [A] oy

gggg; AH GDP ki gf; A pH{E DO  CODy,  COD  BOD; NH;-N TP TN
= L =
NE 1.00
GDP  0.95" 1.00

K B 0.16 0.19 1.00
MEER  0.43*  0.53* -0.25 1.00

K 0. 20 0.25 0.23 0.11 1.00
pH {& 0.49* 0.51*  0.12 0.08 0.14 1.00

DO 0.31 0.20 -0.36 0.06 -0.01 0.59 **
CODy, -0.06 =-0.24 -0.22 -0.05 =-0.06 =-0.37
COD 0.46*  0.33 0.12 0.41* 0.41* 0.02
BOD; 0.40* 0.33  -0.06 0.49° 0.46* 0.13
NH,-N 0.53* 0.38 -0.33 0.34 -0.09 0.20
TP 0.87** 0.86** 0.21 0.55* 0.48* 0.20

TN 0.71™

0.87 " 0.33 0.54* 0.35 0.22

1.00
0.10 1.00
0. 08 0.40 1. 00
0.14 0.36 0.93** 1.00
0.41* 0.36 0.68™* 0.60™ 1.00
-0.22 0.12 0.55* 0.53* 0.47~ 1. 00
-0.32  -0.42* 0.06 0.07 -0.02 0.74** 1.00

7 A RIEREE T 0. 1.,0.05 F10. 01 (9 RE KRS, T IR
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Table 6 Correlation test of water quality parameters and driving factors in the middle reaches of Tanjiang River

YRBhA

FURI

KRB0 JNE GDP ki W KkiE  pHIA DO COD,, COD  BOD; NH;-N TP TN
AH 1.00
GDP 0.95** 1.00
[ K 0.16 0.19 1. 00
TMEHER 043 0.53* -0.25 1.00
KR 0.34 0.52* 0.21 0.46* 1.00
pH {H 0.27 0.19 -0.15 0.23 0.19 1. 00
DO -0.31 -0.48* -0.43* -0.14 -0.46* 0.21 1.00
CODy, 0.77" 0.69™ -0.17 0.53* 0.18 0.37  -0.20 1. 00
CoD 0.58* 0.50* -0.04 0.42 0. 04 0.17 -0.25 0.68* 1.00
BOD; 0.55* 0.55* 0.12 0.33 0.43* 0.32 -0.21 0.51* 0.27 1.00
NH;-N  -0.60™ -0.72* 0.03 -0.68™ -0.55* -0.07 0.30  -0.41* -0.32 -0.04 1. 00
TP 0.24 0.47*  0.07 0.44* 0.50* -0.14 -0.66™ 0.13 -0.14 0.43* -0.24 1.00
TN 0.68™ 0.54* 0.02 0.50* 0.17 0.30 -0.02 0.79™* 0.81™ 0.14 -0.49* -0.19 1.00
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Table 7 Correlation test of water quality parameters and driving factors in the lower reaches of Tanjiang River

Jg%g; AL GDP Bk gg}t ki pH{E DO CODy,  COD  BOD; NH;-N  Tp N
A 1.00
GDP 0.95** 1.00
[ K 0.16 0.19 1.00
HMERR 043 0.53* -0.25 1. 00
KR 0.17 0.35 0.37  0.29 1.00
pHf -0.08 -0.20 -0.09 0.04 -0.34 1.00
DO 0.59™ 0.58* -0.30  0.35 -0.0l 0.22 1.00
CODy,  -0.64™ -0.60™ 0.17 -0.19 0.19 -0.03 -0.70** 1.00
COD  -0.54* -0.74* -0.40 -0.46* -0.70™* 0.42* -0.32 0.57* 1.00
BOD; 0.31 0.30 0.18  0.21 0.04 -0.20 0.20 -0.08 -0.41* 1.00
NH;-N  —0.57* -0.74* -0.35 -0.49" -0.69* 0.3¢4 -0.26 0.21 0.91** -0.24 1.00
TP -0.01 0.16 -0.15  0.38 0.21 0.26 0.24 0.10 -0.40 0.03 =-0.28 1.00
TN 0.75* 0.60* 0.05  0.35 0. 06 0. 08 0.43* 0.01 -0.10 0.30 -0.28 0.09 1. 00
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