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Temporal and Spatial Varlatlons s Water Quallty o,f Hanjlang Rlver and Its.

Inﬂuencmg Factors in Recent’ Y/ars ]
CHENG Bing- fenl’ZF ZHANG Yuan' XIA Rui'’ ZHANG Nan' ZHANG Xin- fe'l i ' :_,A ‘

(1 Chlnese Research _Academy of EnVIronmental Suences Beijing 100012, Chlna, 2.College of Water Science, Beijing Normal
Umvefsny., Bel]lng 100875 ~China) .
Abstract Han]lang River is the main waterSource and mﬂue‘nce area of the Middle Route of the South to North Water Transfer

-

Project. I recent years, the water quality and ewloglcal environment in the middle and lower reaches of the Hanjiang River has
become Seriously degraded and water blooms occur frequently. Scientific identification of the temporal and spatial variations in water
environment quality (and the main driving factors) has become an important management requirement for optimizing the upstream water
transfer project. The temporal and spatial variations and influencing factors of water quality in the Hanjiang River basin were
systematically analyzed, based on multi-source data and using the Daniel trend test, Mann Kendall test, K-means cluster analysis,
dissimilarity analysis, and redundancy analysis. Results showed that: (D in recent years, the main stream of the Hanjiang River had
generally good water quality, which was generally classified as class Il of GB 3838-2002, while the water quality of some sections in
the middle and lower reaches was classified as class Ill. However, the total phosphorus ( TP) and total nitrogen ( TN) load was
relatively high, with 10 stations in the Hanjiang River basin showing averaged concentrations of 0. 028-0.263 mg-L™" and 0. 630-
1.852 mg-L™", respectively, during 2014-2018. 2 From 2004 to 2018, TP and TN at Zongguan station did not show significant
variation, and other water quality indexes did not exhibit any regular patterns. The concentrations of TN, NH," -N, and BODj in the dry
season were higher than those in the wet season. In the wet season. the permanganate index showed different variation patterns, while
TP concentration did not decrease significantly. @) Different sections showed obvious differences in the variation of water quality
indexes. However, the ten stations can be clustered into three categories: the upstream stations showed the best water quality, followed
by the middle reaches, and the downstream stations showed the worst. The water quality at Xiaohe station improved significantly over
the study period, which may be related to protection measures implemented in recent years, such as source control, emission
reduction, and removal of aquaculture. @ Water discharge and temperature were important factors affecting the water quality of the
three regions in Hanjiang River. According to redundancy analysis, the contribution of discharge to water quality in the upstream and
downstream areas was much larger, while the contribution of water temperature was greatest in the middle reaches of the river.

Key words : Hanjiang River; temporal and spatial variations; water quality; influencing factors; redundancy analysis (RDA)
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Table 1  Trends of water indexes at Zongguan station in Hanjiang River over the past 10 years
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Fig. 2 Trends and mutation analysis of TN and TP at Zongguan station from February to April in 2004-2018
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VRS g g — BR300 5 ok 5 0] R 41 Ly e
UK T A BT R 25 R — 2, H e R B, 2011 ~
2018 AEIUTL A T UK B VAR GE 7, 2013 ~ 2014 45
V5 i, 2011 ~ 2013 42 T BT, A H RNk
7T R KBS A R i A5 T 5wl B
AEUSTRRIFGEAE Y, 2011 ~ 2014 4EBUVL T K i
FRTEFR g TP TN Fl BOD, , Horb s A M bR o ™
. MWIEFERDUL S KK B RA G BWXT 1 &,
AW X B2 3 S T I T A YT K B AR A #a 3
CESLEAT — i WL H s AR SR AR IR AT B
2010 ~2019 4E KT TP (IAEIIMETE 2014 4R,
HEARIT BE R HITE 2010 ~ 2014 4R, 2 {dg a5
IR & B 2003 ~2012 4EK YT TP W E A I
Ft, 2014 ~ 2018 4EZ L TR, TP WREE T M F 22
FH T 7K 75 3 Bl 16 18 s AR Je v 10 A B B9 ek 20 51
L.
2.2 FE I A ST 2
IABFSE 1% 358 F 2 95 T8 1S (7] 2K 3R 45 B Daniel
AT ILE R R (£ 2) AR KB
A SR . 2014 ~ 2018 4 4% 5 W) LI TR
S0 110 Tpo B, 3 AR 0 T I A e
IR S 2011 ~ 2018 AL B4 for

I (R TP UEAEAT B TR E T RE S A F IR
JF ET 20 T AR X P A, S BORBER AR
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B, T IR TNH, N AR T TP i —
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555 UL/ UT 00 ) b 7, L 2 B 0 K A
A ettty ZERRBLAE T B TFSEAR ), Aol i A A 7
B FRPARN T BHE R LR K TN 9 MR 5 2
DU B4R IR TN We B J s R F i BB R, B2
BB A PR TR E TN A TP 3 54k
JCIR 4305 TN A TP HECEE Y 69. 2% Fil 81. 0%,
2014 ~2018 4FAS[a] W 1a NH," -N ¥ & 6 B i 28 1k #4
ooy WA BT R K UIENE, N2 15
AR AR K, F A A IR X T
AR TR RS M, DU B 1 T R
B0 W8 4T3 DO, % DU T 1t B T I
FaF AR P AN 5 R S Tt 4
T BOD , /190 52 ST B e 38 /N B AT
K e WL, 2K T B e T i
S AF R S 10 TRl P TR S 7 3l
M. DGR b0 K TS b A

TP HSFHTAR R — S 1 A 5O K e R e y
(o U £ &2 mm~mmémiizﬁﬁﬁﬁﬁ%%ﬁmﬁ%ﬁgwﬁﬁ&igﬁm@”
Table 2" Trend ahd signific'a.née test of water quality indexés at-fﬁff-fl:rg_n-t’gtations in Hanjiang River basin from January to December in 2014-2018
T s K" i = NH; N 5 AL DO BOD,
dcﬁé 0.6 0.3 -0.5 0.6 -0.1 -0.5
HE -0.5 0 -0.3 0 0.5 -0.5
BRI -0.9™ 0.95** -0.3 1 0.9 -0.5
3} 0.3 -0.3 -0.7 0.1 0.7 0.2
B 0.3 0 -0.5 0 0.8" 0.3
B 0.1 -0.2 0.4 0.6 -0.8* 0.1
s 0.9 0.1 -0.7 -0.6 0.3 -0.9
R 0.7 0.3 -0.6 0.8" 0.4 -0.6
/NiR] 0.9 0.5 0 -0.9™ 0.9 -0.9**
1) sy Fll s 23 IR TE T o 0.1, 0.05 F10.01 (9 8 EHAL
2.3 PR E K BT bRk BE X L mg- L™ 10 Wil W i v oAy % < ks /N 2O

ARSI AR S iR — B TR
[E] 7K A8 A5 2014 ~ 2018 4F H AR Ak A1 3= Ak 10 e i AR
k. SFAGHIAE R R] AR 53R K BT (6 ~ 10 ) il
iAW (11 HZWAES 7)) 4550 0LIE 3 e 3. Sk
&, TN NH, -NFI1 BOD, Ak i sk Tk i,
AR R R 8 B T 5 07 52 P H R [ 9 3 A A8 1k
B, FKM TP TR . BIAKRE, 2014 ~2018
ARV I A5 Wi TP JC R 2 A A HL e, e
SR A HEALZ 0.024 mg- L7, & A ZRA
K 45 WAL 7K 8 TP 7 B E AR T 7K 1 0.013

FIR SR K B TP W B v 1 =F K, I I v A4
K TP AR T FoK M BRE oA B ge4a i, Fk
9V 22 B W A U Sl o R AR S £l ) e o
A, S 28EAKI TP A 5 VLA 5 A
TP ¥ & ICHH . AR AL LA i — 25 B R DU 48
TP 5 4 B TRIVR TS YL 4R fiE. 2014 ~ 2018 473 VT 37 38k
2 miL TN FINH, -N F A2 LA 3 oy 35 2 B
MK R B T K IR AE ;. 32K TN FINH, -N
{43 50 b A K 30 5 0. 127 mg-L7" A1 0. 067
mg - L™ A ST T 401 27 IR R T TN A 7 30 s A1
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S RIERT, 256 3 F KM TN FINH, -N#& &
BAK; & H 4 I, TN FINH, -NF¥J Pearson ¢
ZH0H0.681(P=0.015) , S IHA B E A, 33X 130
DT TN AINH, -N F 2ok [ S0 i
A DU ek A5 W 1 v A R £h 45 %k . BOD, il DO
B9 H A5 AL MRl 3, BOD, Ml DO 52 3 H A% 7K
WA = T F K RRAE, BOD, A1 DO A 7K 39134 {E
3K BT H 0. 246 mg-L ™' F11. 807 mg-L~".
A
sk
sNT]
LR
N
L

A
43}
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P PR R AR BRI S I R AR T KRR
Hor F1 U R AR S G T T A K TR 4y 1 L F
KA 0. 133, 0. 895 F10. 141 mg-L ™", HAx sS4
K A (8 L FE 7K 91 11 0. 040 ~ 0. 193 mg-L™".
FEAK I A 138 SR A SR A DU, 33 BOD, I
DO KFAR A, A8 = 4 R b 46 BOR [F) g Ao 22 31
HORTRAGAS fL 0 A | {8 A A8 TR 2K T BOD,
1 DO, 3 15 B =5 5 19 6 48 2075 Y 7 i B 2 2k H
TR A , 3503 T 1 s 37 81 BRI o5 VRS e R i, AR
Z DTN T V5 /K HER AR
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s¥k
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Fig. 3 Variations of water quality indicators at different stations in different months from 2014 to 2018

2.4 ZEEAS SRS

AR W T 45 3 46 br AR 1L B (1B 3 FE 4)
2014 ~2018 4 TP I 4 A% W i vk B 45 5, R 0. 263
mg- L' V0¥ W Fe i, O 0. 028 mg-L™"; 10 Wi
FURE A TP SF- 359 {H 68 2o b 3% 7K B 85 o 42 A 7

(GB 3838-2002) I 257K #5 #E BR{E (TP = 0.1
mg-L~"). 2014 ~ 2018 4 TN 5% 3¢ W 1fi 5 =5, M
1.852 mg-L™" & O W £, 0. 630 mg-L~"; 10
AT AR RN BT TET TN 9 B2 IS T b R K I
HIKFRMERRME (TN = 1. 0 mg-L™") , Bt s 3k 1T
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HIKARHERR{E (TN =0. 5 mg-L™"). 2014 ~2018 4
NH,’ -NAY 5 ) 07 17 vk 2 05 5, 49 0. 286 mg- L', 5%
SR AR, 4 0. 126 mg-L ™", 10 Wit NH, -N&
BIL T M & /K 1126 7K A5 e FR /B (NH, -N = 0.5
mg-L™"). 2014 ~2018 4F G RREh Fe A0 pa AT T T ok
B R, A 3.678 mg- L', PRV W TR AIK, A 1. 805
mg-L~", 10 Wiii S R PR 48 B E I T M 3K 12
TKARERR A (= B MR Eh 76 %0 = 15 mg-L™"). 2014 ~
2018 4F DO ¥ £ % 3L W] W 18] K BE A i, M 9. 630
mg-L~" /INAIWTTE 1K, O 7. 344 mg-L7", 10 Wit
BRDURE R AN /INRT BT 18D A6, DO e RE 34 78 T i e K 12K

JKFRERRIE (DO =7.5 mg-L™"). 2014 ~ 2018 4 BOD;
{E/INATIT TR 57, R 2. 181 mg- L1 B Wi s I, Ry
1.083 mg-L~", 10 Wi+ BOD, ¥ EE MK T HbF K 1
HIKFRAEFRE (BOD, =3.0 mg-L~"). fitbal WL, 2014
~2018 AFEBLYTHLAE, 10 Wik, 275 YooK Bidats b
TP FI1 TN, 55 S S Yl HE 2 SR 8 b AH DG I 1) w2 i R
FEEOMINH, NI AR L0 ol b nl L, 4R
PUT UK B SAE SARAE T T2 P8I 10
AW K T 22 SR, s 11434 S 0 DAATF 9% DX 35
Vi R TR 25 M REAE R R S W T K 5T
MM,

F3 2014 ~2018 E AR EFKE AKX FIBREU R ERGIT/mg-L™!

Table 3 Statistics of water quality indexes at different stations during the wet season and dry seasons from 2014 to 2018/mg-L !

L] BB TN TP NH; -N R R FR AL DO BODj
F2Kk I 1.163 0.023 0.123 1.782 6. 856 1. 148
Y AE Hizk 4 1.297 0.031 0.192 1.822 9.425 ~f -'“}'.';tl'ls =
22510 0. 135 0. 007 0. 068 7 0.04 2.569 190,269
ok 1.364 0.033 0.135 1:988 7.919 w A.33s
SEI ik 1. 644 02033 0. 206 ' 2.074 i 9. 836 1666
%5 0.28 _ 0 0.071 o086 | L o7 v £y
ok 1.71 0.047 0.257 2,366 7.359 I 627 &
RFW) Ak 1.718 | 0047 s 0.306 . 2500 9.376 1l
o gL 0.003 | /1 / Jobor 0.049 i 7 oty 2,017 0.085 § -
/ g T 1,397~ T 7 0l064 0.217 2f3d ¥ 7.703 0,988
T3 ik 1714 3 0. 0735 0264/ g2 432, o) 9.608 pl 5% 3
f E5AE 0.317 405009 0.046 g+10. 103 1.904 0163 44
ER/S ! 1.749 | 0.081 0.21 2341 7.51 1.217
PRI “Hiki 1.8l © 0087 . 0.266 2.376 £9.617 1.248
ot B g B 0.051 &  #0.006 0. 056 0.035 2.107 0.03
BN Foki 1.29 07073 0. 162 2.283 8.773 0. 889
% ] KA 1.284 0.058 0.284 2.339 10. 047 1.282
' Z5E -0. 006 -0.015 0.122 0. 056 1.274 0.393
Ey/ 8] 0.638 0.06 0. 099 2. 607 8.019 1.489
F0 iK1 0. 624 0.059 0. 168 2.474 9.618 1.712
LSE -0.014 ~0.001 0. 068 -0.133 1.599 0.223
FKIH 1. 64 0. 346 0.13 4.2 6. 477 1.811
A 7K 1.676 0.204 0.172 3.305 8.118 2.198
LSE 0. 036 -0.142 0. 041 ~0.895 1. 64 0. 387
FKH 0.712 0.073 0. 246 3.171 7.233 2.039
NG HliZk I 0. 805 0.078 0.313 3.313 7.424 2.283
25 0. 093 0. 005 0. 067 0. 142 0.191 0. 244
FKIM 1. 644 0. 091 0. 091 2.732 6. 985 0.997
R ik 2.001 0. 091 0. 151 2.591 9. 639 1.278
22 5H 0.357 0 0.06 -0. 141 2.653 0. 281
[k 1.331 0.089 0. 167 2.571 7.483 1.354
T KA 1.458 0.076 0.234 2.526 9.29 1.6
Z5E 0. 127 -0.013 0. 067 -0.044 1. 807 0.246

AHIFFT 31T % 2014 ~ 2018 4 B VL A [6)
AR K A8 AR AT K-means 2001 (E 4) , 7]
DL IR, DU 10 A7k B Sk LT AR 2E R
3EE 1 R LA R W, EA4
TFSE CERAY b3, K B A SR BT 5 2 K2
B B S R OGBS

DR iz, K BT G0 -5 10 A W T P X (81 B0 A
M5 53 RO DR AT N IR, B ATTAL T OO
BRI, A UK B AR R P A R A
2e 5. N EZRUK B PR R AR R, DO Hle
HPRELAR B —2  EANTR R B, TP A TN
SERR AR B R AR AR — 28 E AT R L
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Fig. fa ¢, stering results of water quality indexes for different sections
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of the Hanjiang River from 2014 to 2018, based on K-means method
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PIEN 325,551 26022014 42 10 ~ 11 H | 2017 4E 10
H . 2015412 A, 2018 43 HF12018 4E 6 H x4k
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BEK E] 0. 15 me-L~); 5 2 % %2014%#1
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L2018 @5’)3%11 20184147 ~8 A, fx:% th
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Fig. 5 Temporal and spatial clustering results of TP in different sections of Hanjiang River basin from 2014 to 2018
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5, ANTRIZ 5] B {EAT 5 ] S B AN ], PR OCUE I AF 5

R REL R BTN, 45 R T2 .

&4 2014 ~2018 EJUTHRHA R EKRIEFARERY S
Table 4 CODs of water quality index in different sections of the Hanjiang River basin from 2014 to 2018

WH TP TN NH, -N BN R DO BOD,

X 35§ 1 e T T 0.419 0.14 0.26 0.138 0.05 0.203

X35 it T T 0.254 0.231 0.278 0.109 0. 061 0.219

X3 e T 1 0.233 0.29 0.251 0.172 0.132 0. 269
2.5 S IREN A AW FEEILE.

NGk PN SEEI R | A E 3 C
My AR W8 15 K HE R AR B 23 B e K R A%
TR AR A/ o] e gl 5 i BT & A
NI T O DU P R K BB AL R A A T
A& BIFSE S H 2009 ~ 2017 4E 35 4 HER R 1+
Mo R P2 S A T BUNE K AR 225 AR AR
(5T % BTG 3 80 TN A TP 257K B H8 bR 7E 1997
~2003 4FfR 2, 2003 AELS LR AR B B AR,
I PIARIE A S B4, LA, 3 47 e K L A ok T
TS [T P50 T AR St 2 — s FRBE b B LT,
KB ) 26, 2 S BOUK BAR bR ARAL ;s A e
LSS MU B A P Yk BV BRI aBA LR

ABFFEHE— 25307 T KB 3RO R B4 R 2%
KBz (AR S5, 32 5 Giit T 2014 ~ 2018 4R
[Fi) W T 7K Jo 4 o 1) B R S, B9F 5 DX B8 33 TP 5
R AR TS B B TE A OGHE ; X I TP 55 TN
G 2 2 1 59 LE A GAE, TN 5 NH NIl 5
AR TS B 55 IEAENE; KB R UFBR DO 5 TN
FINH, -NJC B SAESN , AR b2t 4 4745 5
EIE A Z |6 280 R X 4,
T AR E FF W7 K RA A A —  F AR
B X BT, 600 DR PR ik R S s i [
HWL; Wb, 45K B b i 28 170 PR (720
A HORI BOD, 28 RN o MR b B TP DO

U1, BICHEA s p e A NN TN R, r— Y
2 | %5 20142018 fmﬁ&m%;kﬁswfa;é&, oy ~ 4
Table 5 Correlation statistics of lotal‘uphos‘phqrus and other water quality indicat(;rs at_different stations from 2014 to 2018 J
@ g’ N o ™ | | N A NHy N B R ERIE B ‘DO BOD;
[ ST0H" 1.000 -0.159 ":__,‘-“f'“)—o.ozs 0.416 ™ -0.070 -0.145
§ ™ ~0.159 10000 -0.050 ~0.103 -0.105 -0.050
gigjuf:'zﬁ? NH; -N -0.028 -0.050 1.000 0.075 0.127 -0.050
R IR E AR 0.416* -0.103 0.075 1.000 0.250 -0.021
DO -0.070 -0.105 0.127 0.250 1.000 0.235
BOD5 -0.145 ~0.050 -0.050 -0.021 0.235 1.000
TP 1.000 0. 406 ** 0.245 0.511* -0.023 -0.165
TN 0. 406 ** 1.000 0.317* 0.354 0.088 0.003
by NHE N 0.245 0.317* 1.000 0.218 0.264* 0.136
TR R LA A 0.511* 0.354 ™ 0.218 1.000 0.055 0.048
DO -0.023 0.088 0.264 0.055 1.000 0.171
BOD5 -0.165 0.003 0.136 0.048 0.171 1.000
TP 1.000 0.285* -0.263* 0.985 ** -0.752* -0.712*
TN 0.285* 1.000 -0.270* 0.274* -0.066 -0.258*
s VN -0.263* -0.270* 1.000 -0.288* 0.130 0.497 **
o i P b A 0.985 " 0.274* -0.288* 1.000 -0.738* -0.698 **
DO -0.752* -0.066 0.130 -0.738* 1.000 0.590
BOD5 -0.712* -0.258* 0.497 ** -0.698** 0.590 ** 1.000
1) w o s Ml s 3SR R IEIT o S 0.1, 0.05 F10.01 #Y 5 EPEAG IS

AW 5T — 5 55 DU i 7K 5 I 23 4 A
fiE, R RDA X 3 A~ X 3 i 52 0 R R b 47404 (3%
6). FRERIE B IEE R DR, i (P =0.016) Al
KR (P =0. 014) X U7X S8R T AR A g g 3, Hoot
BRI 3 48. 4% F1 43. 1% . DT H i 52 He R %

BHARILE R LI, KR (P =0. 002) X Hhiifk iR
R TR N 88. 5%, HiR 2 it 6.8% (P
=0.26) , DL RIS R R B ik 545 2 45 1 K
IR(P=0.032) Flifi & (P =0.09) % T ¥ K B A8 4k 5%
Wi %, HE TRk R4 50 50. 7% Fil 32.0% . A ARk
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F BN RGN, 5 0K 3 1 A AR AR Ak IR R bR EZE R R Hrh S LR R XS 7K BT T
HZEP i KRS R 3 43 X i MR, AR U AE A i s ik R e K.

F6 2014 ~2018 FARFRFARIEREEHMEER RDA ERFiITHHH

Table 6 Factors influencing the water quality index at different stations from 2014 to 2018 based on RDA method

AN ES — L - — L - - i -
STER R/ % P1H TIERER/ % P Tk % P{H
KR 43.1 0.014 88.5 0. 002 50.7 0. 032
i 48. 4 0.016 6.8 0. 260 32.0 0.09
[k 5.5 0.574 2.6 0.638 13.6 0.314
K AL 3.1 0. 664 2.1 0. 668 3.7 0.742
25 b R X SOK BTs iR A2 b sg R = AR, 32 323(5917) : 1014-1015.
%ﬁ%ﬂ@fﬁﬂ%,?—ﬁﬂifbéﬁﬁ ﬁ%,ﬂ%éﬁi{hﬁ [5] JiDB, Wells S A, Yang Z ], et al. Tmpacts of water level rise
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