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Abstract: [ Objective | The temporal and spatial distributions of outbound water quality of the Jiangxi-Guangdong
boundary in the source region of Dongjiang River were analyzed in order to provide a theoretical basis and
data support for the water environment management and water ecology improvement in this watershed.
[ Method ] Based on the 11 water quality indicators of the monitoring section during 2007—2019, the methods
of descriptive statistical analysis, water pollution index method, correlation analysis and Mann-Kendall test
and other methods were used to to analyze the changes and causes of outbound water quality. [ Results |
D Water quality was different in different hydrological periods, especially in the spatial and temporal
variation of chloride, sulfate and ammonia nitrogen. @ The water quality in the flood season was better than
that in the non-flood season, and the inferior V water only existed in the non-flood season. During the inter-

annual period, the outbound water quality was the worst in 2008, and it started to be improved in 2009, and
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during 2017—2019, they tall met the requirements of class [[ —IlI. & Ammonia nitrogen was the most

important pollutant of outbound water quality, but its concentration had decreased dramatically. Additionally,

rare earth mining, fruit industry development and large-scale breeding were the main factors affecting water

quality. [ Conclusion] During 2007—2019, the water quality of the outbound water in the source area of the

Dongjiang River was slightly different in different hydrological periods, but the overall trend was downward.

The concentration of the main pollutant ammonia nitrogen dropped significantly. The protection and restoration

measures adopted in the source area in recent years have achieved remarkable effects.

Keywords: outbound water quality; pollution assessment; cause analysis; Dongjiang River basin

FRVLUE X 75 W5 5 X S MRS X DL S R
IR 4 X ) T KR [ R VT PG 4 R B
SF oA A Ak % 58 X 38K, A v B R O A S A
JRy A % AR R A A . VR X K A AN e X
A AR 2 I R AR SR B A AT R K R, T LG
25 1 R RV X A AR K e 4. e T
TRVL 5 0 85 K T B 2 0 A R AR AN TS e B B AT A
MERE S A AAT B T 37 Al A2k 36 3 2 S R B,
SR IR VLR X 80K 35 G B IR K AR S R 01
50,

ARV X9 38k 7K 2R 5% ) 56 2 31 X 38 B9 K % 4
FHZK A 25 00 e B B 2 SE A AR T2y 4 000 T J&
AR FH 7K %2 4 o DA R38R P9 T Al A 7= AR 3% FH 7K
Fidk . AR, BE T R ST XL B T AR
TR FEA X A R A T Y W B 3% A B B K
FE LT s AR R BT AR R XK
(8 BF 238 AR AR AIE o J L 3 8 1 58 /K AR 100 R g R
2R S 1 X B 20072019 4F 2 AN H B W 0
T 11 A FEOK BT bR #6147 1 G811 43 i s iz K5
YedgBOET IS BT A Mann-Kendall #4565 45

TP oM T ZR TR X8 B 58 K o I 25 3 A AR
LAY DA 2 T30 4 7 B 35 16 TR K A 2 s 4 Rk B
T I AR A S A

1 Bii575ik

1.1 HREXER

ARYTYR XA T 10 VG 4 jg 3B, A T 11474736 —
115°52"36'"E, 24°33"44"'—25°12" 18'" N Z i), {d $§
PANEC L N RO R MR AN /vl = SN o = N A = LU RS
MM Z S U KRS EBERS . i s,
ARPE9E 110. 0 km, pFdb K 95. 5 km, Ji 3w L 2y
3524.0 km® . 2 5 A VT 00 B ALY 13, 0%05 TR
JEAF200~500 m Z [0, IR R E., R ®E
T LY (S I g DX AR RS AR B K
1 581. 0 mm, 4E PR B R, £ M E 2B A
KA P 22 57 0 35 FE TR (4—9 HD 545 b X 3t 57
KEWR . ARILHIE B T KR E MK 2 4
Wk, A 2 AN E R G E LA K S RE X A0k
VT R YT 430 A S S R R M . A K T g
XY HEATE DL LR 1,

Rl FIBELRENRERFR

& KB/ KB sl

452y 7 N e 0

Fp XA E b W 2% 11 b 1 Wt i - H .
FOKEE  IEAF SRS RARN LA IL RS AR B
X B3 AR U 10. 0 km B2 R AL T 10. 0 km F4%& 200 M 20072018 4F
EHKEE  THAEEESSRARN  TEAEMESSREEN .. -
GEhix B3 FAE R -3 10. 0 km B3 FAE R R 10. 0 km AR 2000 20082018 4

1.2 HiERIE

FEE R G pH (E B A AR R A
.5 dA AT E A (BOD,) VB A L M ALY R
S RS R Eh A 11 WK A AR, R IR T UL
A 8 N T 7K SCJR) 20072019 4F X 45 VT U6 X % 1 1 4%
KR 2 A~ AR F P K T W T T (S Sk = R E K
WD (32 H S BE kL. K BTRAE S 43 BT UF i BROK BR
S WE AL AR K W BT i R A4 DT
(GB3838-2002) Hb & 7K ¥ 5% 5t it 45 -, (SL395-

2007) Hb 3 7K 9% 5 5 o BT f B A B AR A 56 1 $ 1R
AT .

1.3 ®BARFE

1.3.1 RFFEimsk L GB3838-2002 /K FitrifE
WPI {1 (water pollution index, .3 2) ¥ ¥ &
bR TET 1 7K S5 288 ) 3 T % e ™ R ) K B A R AR R F
FE K BT Sl 1 — Bh K B £ 6 PR 43 B O v R A AT
TGRS YL Bl e Ak T L RE ME A S5z K T A B s AR
AR AR HE 1T 1 i 7K BT R0 S AR A8 b N e e e 35, i 1k



142 7K AR 3 4

540 B

3z T v 3 2 3 b DX T R I TE 2K B T
#ro ZHETEEE T 11 WK UG AR 20 53T R WPT 1E 52
7 7K 55 T 5 K O TR 3L d 4% 4 B i) WPT 3 A7 23 (6] 73

B LA TR — 3 38k 3 5 7K (20072019 4F) | %E B 7K
(2008—2019 4) A [] B[] i) WPT {5 & 43 #1 H: it 7]

2.

&2 (GB3838-2002) 7k Fi#r#& R 3T M By WPL &

GB3838-2002 JK JlikrifE [ 2% I 2 I 2 V2 V% V%K
WPI 20 20<< WPI<{40 410<<WPI<60 60<-WPI<80 80<CWPI<100 WPI>100

MR AR (DO W EE KT 7.5 mg/L B, WPI=
2054 2 mg/L<<DO<7.5 mg/L B, WPI {8 i} &
KH:

WPI(:) =WPIL (i) +
CWPI, () —WPIL () X (C (1) —C()]
C,(i))—C, (D

MK BT S B0k B R B A VAR R, WPT B 1T
=N/N W
WPI(:)=WPI, (i) +

CWPL, () —WPL (D) I X(CH) —C ()]
C/,<i>_C] <l>

T 24 7K 57 2 B0k B2 R 3 V 26 bR i, WPT {3
RN W R

WPI() =100+

D

(2)

C(i)—C; (i)

C, (D)

FR 4 0 T5 48 b (1 WPT () B L 5 25 1k 3% b7
T 119 7K I V5 e 46 450, BRI

WPI=MAX{WPI(i)] (4)

L CGO R @ DRTIEAR Y EMAE: C D, C,
(D), Cs (D5 R 5 i A K BiFE bn . GB3838-2002
JIT A 28 00 A o 0 R BR A . L FRAE ATV R o PR A
WPI, (i), WP, () 4350 R 55 @ A~ 7K 5048 b5 BT 78 28 50 b
HE N BRAE T BRAE X R 7 Yo 48 8 s WPIG) S5
AN K S5 FE B T 7 28 500 o 7 1) 75 Y 8 4K
1.3.2 gy BT 0 K BT B B R
Mann-Kendall #5307, 7K 5 18 A 8] 04 AH 5€ H: %
A Pearson #4381, MAh, s T #id M5t
ST R S

2 TSV

2.1 KEEMD

2.1.1 REAHFAE HOKFZS BRI EE O
R DBIEIFEE T LLUZ I pH {H = A R 3
AR BRI T A TRODT 5 w85 il R 6 45 B A IR R AR 2
ANEARIU 5 T AR TR s Bih L5 d AR A L B RE LR
Wy 4 A8 bR IR A AR TRD LA 458 s pHEL7E A [
KT 7. 05 i T A5 IR E 2 B35 1 T

X 40 3

JEPEE I VR Y U A S TIUM. G8 K PR A
FEARIEAT AL AT LUK B, O A AR BB - i B R
AR d AT E i 2 DR R 2 B IV 26
pH H VE A W 3 AR BLad 45 V 20K s How
6 MEIRIY— EAE B AR EE L b w g fe s 2 4
eI 1 26 AR AR K . @ M AE B 17 2 {H
XL B K TR - RN T SRR o s B i o 1T 26
KR s B LV A A R R ER AR BOR 5 d AR AR A
R K pH AE 6 DR AR AL T 20K AR 1
BLR AN TR R AN S AL 3 b FE T H £ 76 A v PR {H
W. R RBCRAREZE 5 H P EM ES . ER
WA [ K J5 2 0 () 3 A B4 R E L €, <20, 1 55
5.0 1<<C, <1 HHEAR.C. =1 AR, 4%
T K J57 2 B AN (] 7K SR 91 85 3 B 7 A [ 7 ) 72
5o WA ZSHOE i SR IR 3 AR AR B R
S pH B AW R R IR ER TR K05 d AR AL R AR 4
AR O R BE AR S s T A R L B TR A i TR R A A TR
ha 4 DRPRE R ORI A b S 50K
A S IR AL 3 AR bR O 55 AL S . pH E IR
AR AR TRERAR RS d AR AR VE A S DR AR R
AR BRIRER ALY AR ER A 3 R AR R B
SRR S . LB R R B A R R A 2 A4 b 00 2 iR
B R T E r K AR A W 8/ T 5E j K E
MK BB BB ALY 3 SRR NS S . pH .
A R AR TR LR RS d A A VI IR L & S
MMETR P EE R WA VR ALY 3 R
RIS . WA FIKI 2 #r . S 50K pH R
TR R TR B A IR R 3 MR AR g C, RN R TR
T HoA 8 T0Uds br C. 357 2 YR /N T AR YR 1 22 e
K 1T TR bR C TIPS /N T TR 0 B e 7K ek 553
T AR AR R TR L X K D . £E B
I 3T K AR B A AN TR 2 SR 39 HG 5 i A A —
Zest. AR L. T BRI IR ER R ALY E R £
R BLRAS 5 B K 2 R L L S AW B B
ARSI TRLAS AR L TR B R B2 /DN T AR TR Bk
X E R 7K BRSBTS



%54 B 4 KA 2 2007—2019 4F AR VLI 3808 8 1 85 K 50 97 5 B B 4 B 143
£3 WRRAKRSHESEITISME mg/L
R mwm pmg o w e el OB we we mew ams wew 00
/ME 4. 80 0 5. 00 1.00 0. 20 0 0 0.02 0 0 0
Bl 8.30 0.035 00 9.70 3. 60 4.70 3.94 0.42 0.99  41.40  32.79 4.98
'ZLZK - $4 8 6.80  0.0013 6.70 1.80 2.70 0. 89 0.05 0.32  10.12 7.41 2.02
bRUE(R2E  0.48 0. 00 0.88 0.47 0.72 0. 86 0.05 0.13 7.65 6. 38 1. 44
TRZE 0.23 0. 00 0.77 0.22 0.52 0.75 0.00 0.02  58.60  40.69 2.08
I /ME 4. 80 0 5. 00 1. 20 1. 00 0.03 0 0.02 0 0 0
S NIEL 8.30 0.035 0 8.10 3. 60 4.70 3.94 0. 34 0.61 24.70  22.20 4.98
%{%ﬁéﬁ S #4 6.60  0.0014 6.50 2.00 2.80 0.77 0.05 0.30  11.49 7.27 2.49
’ bruEfR 2 0.51 0. 00 0.63 0.50 0.62 0.77 0.05 0.09 6.67 5.06 1. 41
WRRERK 0.26 0. 00 0.39 0.25 0.39 0. 60 0. 00 0.01  44.45  25.62 1.99
B/ME 6.00 0 5. 20 1.00 0. 20 0 0 0.08 0 0 0
B 8.20  0.0100 9.70 2.50 4. 40 3.32 0.42 0.99  41.40  32.79 3. 99
iﬁ’éﬁ - $4 8 6.90  0.001 2 7.00 1.70 2. 60 1.02 0.05 0.34 8.76 7.56 1.50
brUEfR2E  0.39 0. 00 1. 00 0.35 0.82 0. 94 0.05 0.16 8. 49 7.62 1.32
BRZEK 0.15 0. 00 1.00 0.12 0.67 0.88 0. 00 0.03  72.10 58.12 1.73
/M 6.20 0 4. 50 0. 80 0. 60 0.05 0 0.02 0.03 0.29 0.26
PN 9.70  0.0107 9. 80 7.20 5.50  18.50 1.24 0.49  41.45  99.61 2.56
%Eék S $5 4k 7.20  0.0010 6. 80 2.20 2. 60 1.03 0. 07 0.22 5.42  14.68 0. 85
brifEfR2E  0.44 0. 00 0.94 0.79 0.70 1.92 0.11 0.08 5.07  17.38 0.39
WRRERK 0.19 0. 00 0.87 0.63 0.49 3.70 0.01 0.01  25.74 301.90 0.15
B/ME 6.20 0 5. 00 1.10 1.00 0.05 0 0.02 0.85 1.26 0.35
AR 8.00  0.0107 8. 20 4. 90 3. 60 6.52 0.19 0.35  18.63  66.70 2.09
%fﬁék RSy 7.10  0.001 1 6.50 2.30 2. 50 0.81 0.05 0.21 5.24  14.26 0.89
! FrififR s 0.41 0. 00 0. 60 0. 64 0.59 1.13 0.03 0.08 3.18  14.91 0.32
WRRK 0,17 0. 00 0.36 0.41 0.35 1.29 0. 00 0.01  10.14 222.26 0.11
/M 6.50 0 4.50 0. 80 0. 60 0.05 0 0.06 0.03 0.29 0.26
& KAE 9.70  0.006 2 9. 80 7.20 5.50  18.50 1.24 0.49  41.45  99.61 2.56
izﬁéj S5k 7.20  0.000 9 7.20 2.10 2. 60 1.26 0.08 0.23 5.65 15.19 0. 80
FrfEfizE  0.46 0. 00 1.07 0.91 0. 80 2.48 0.15 0.08 6.69  20.07 0.45
WRRERK 0.21 0. 00 1.13 0. 84 0.63 6.13 0.02 0.01 44,78 402.74 0. 20
2.1.2 BEMA MGATERIEHOIN TR OF W 2014 4F R R IS VKK, 2016 4F K BV

PrAZEfE 1, 2008 AR BE K IV ISV 28R4 V 2K Lol
B s 18 bR R B K, 2009 4F T IR B OB 4 B R B
20172019 4F, H 55 W i 7K B X 2 11— Il 280K BT
brifEs QFERNAL L RS SR B W 125 IV
A RNV A HL A4 R 75, 0% .16, 7% . 8. 33% 5 iE 1
IKAYHR 63.6%,27.2%,9.09% . BT F- 157K Hi 55
Wit [0, IV 25,V 26 F0 45 V 28 1 B 1 43 1) 41. 6%,
33.3%0,16.7%,8. 33%0 , " FE K4 54.5%6,27. 2% 50,
18. 1%, W ikbRR & TR, A4 V 2K 7k
T B8 H B K TR 4 TR VRIS (L3R 3L 1 1

23 [\ A2 4k I, 2008 AF T 550K B8 Wy I 42 4R A 38
b MK B KGR AR A Ry 18,200, F 5K B

. BRI BRI 2015 AR R A BBV MLV K
7K. 2016 4EIAARF R 100 % (WL 3. 1.

2.1.3 E&FFAT  MWRILHEXKEIG Y42
WPL 5 48 T5 7K J5 5 b AR 5 P 4347 2085 SR v] L (38 4) 3 i
T o AR R T SR N e e QS N 2 -
AR . AR SO WP 5 20 A48 F7 Mk BEZE 0. 01 #H
K435 R 0. 978,0. 974 i 0. 980, 28 AU i T B I5 e
K FLUOZA A SEPE 43 32 0. 756,0. 803 F10. 602,
H AR U R T 5 S il 4 47 R WU ZE 0. O14H OC 14
43R 0. 761 F1 0. 796, i i iR £k 48 £ £E0. 05 1 AH ¢
PEST I 0. 623 F 0. 628, Hy Ik AT WL 76 YR . 355 Uk
TG Y AT R A A 2 A R TR L A



144

7k - B F e AR

540 B

SRR R R AR R 4 A R IR A 2 T I
Py BTG G PR A A A O AR VIR X Tl S

M B e SR A DA AR VIR X R AR K AR Y S G
P AT G M LR T 2005 Je W HE R

100

100r Onx @mx ey F 15K 3} BT H 5 T 7K K R T T
EVE BEEHVHE 1
< 80t S 80}
= =
3 Y,
i = 60
% %
R = 40+
&K fa 7
= = f
& K 201 ?
all |7 7
7 7 7
T
o LLVAM (AN 178 [N 117 /
O ~ o0 N o0 N (=] — o N <+ w =] o~ o0 N
> o o o g 8 3 2 2 53 & 3 & 5 = o
(q\l [q\] o o o o (q\l N [o\] o o o o [9\} (o)} o
F B
Bl TFREX 2007—2019 F£KERRERHIZE Gt
T4 KRITRIBEH WPI 5EETUKRIBEREXESF
7K 3L . . SRR 5 dAfk e , "
f H M A h oA I 9 Bt A hih
i 34 i pH {H as iy R . A A T AL b 1R F AW T R
LAE S 0.765°° —0. 678 0.103 0.623° —0.362 0.978°* 0.761°* —0.177 —0.311 —0.470  0.590
I 0.803°* —0.447 —0.261 0.179  —0.085 0.974"* 0.539  —0.358 0.098 —0.531  0.640
R 0. 622" 0.113 0. 428 0.683" —0.593 0.980°* 0.796"" 0.026 —0.676 —0.438 0.114

e ox MOEHEAE 0. 05 KO 3 IR » » = AISEHELE 0. 01 /K 1 3 (U .

T GB3838-2002 /K J5i A i £ | 20072019
AEZR VLR Hh B K 32 28T Y 4R b 2 AL B L A R R 4R
BB AT LR (LA 2) 5% 4 R bR 2 R
P, Kb FEE YA AT ZK B EWH 13 a F
PR EEAE A 1. 04 mg/L, 5K 3. 94 mg/L, #ARMIK
h 43,9 R BhR AT EL 2. 94 % . 5 FE K B T T
12 a e BE{E M 1. 17 mg/L, f% K 18. 5 mg/L, &
FRABR A 32,6 %6 s e RBARAEECH 17,5 £, F 3K
I T 7K PR A L 5 DT I8 1 SRR R S R R R R
B EAELL 0,16 F1 0. 24 mg/L Bk B k. P
W R AP Y 2 N R - 1 ROk
FEARUEN o 22 R /K Hh BT T T 04 15 4 R h 45 A7 2019
410 AN 12 A B 2 YOl AR . 555 7K R E K S
4y SI7E 2018 4FE 11 A £ 2019 4E 12 AR 2 Ik
IR § R TN (ERCR N
2.2 BB
2.2.1 Mann-Kendall # ## 3> iz Jf] Mann-Kendall
g o34 11 DM br 8 i@, 55 3 2008 g KR
BT Y S S d AR TR R VA A SR R R
BRALY R E ALY 6 S HE bR H SO0 2 B
BEMTEBELE S pH HE EIHEH, h 5%
P 1] 3B A5 [ e P S O 5 A AR 2 TS A U R G B

TR R B B R R RRY R R AL 2 AR AR VR E R LT
s, RILIE T RBEBHRLZE I WQTIn K 0.54,
B B AR (L S A8 B0Oh NN, o 0. 18, BT ZE A 45
BWQTIy A 0. 18, WQTTyp<<WQTTpy » F B AR IE
KB AR TUF 5 . X 5 2003 4F LISEFF R 1Y — & 5
AT IR AR & 52 BRES  AH W) &0 VI 4 U S S 7
PR IX S0 T DA ISk 7 2 a9 AR 2R TR R
SRR 1 B UR A B OC BUR IR B SE i T LA AR S AR
(A T e e T 7 N e R R v i
S RFAEHE TRIE .,

2.2.2 RR&SH  —MIMH .2 Moo R B A SCHE B
S CH N U U B G T 2 A B R . &K
JEARARAR A A A 45 R (LR 6) Bon, B K e
Y5 YL ) B2 R 5 A TR TG S 35 A G L 1 B R R OK
A H 2R MR SRR B R ERE ) AT Kb R R AT
PRSI R R AL, AL R AL Sk
Wy b LA I AR DG L D I LA L A R A R 1 ) R
B R 5L CEE  Jn R AR R TR, 3 32 2 2 O AR TR
WAL F Rk 2 27, T 38 A0 EL AR R T O A 4R LG R
1R s I AR B B /b, 3 8ok TR AR 07 X R
WA R TIC R0 08 o TR h 8 TR h RA TS
Pk A KRB R REAS B B AR B . AR VLU IX 3 K i



543 W 4 RV 20072019 4F AR VT I 9 6 18 1 8K P01 5 0 PR 37 145
BN AACH A TS G S8 A KRR Lk R KRG Y. [, B 2000 4R Z< VLR X T &

AR LA L I 57 4t s G Y 4% 5 T S e K ) = B
A v o A1 PR PA T A Al TR RS e R B AR T

JRE LA & Rl A 25 A0 L it 1 2 4 22 i 5 ORI 9 LR
AU B AR A VLR X 5 — A TR S e 9 3 2R

20r (01155} 5 BoonnannanaRoAC R A AR AR AR AN AN BAEAOAAAA AC0NGABAAOAAINAABAANCCABRAREE
16 0.04}
= En
. =
t 12} o 0.03t
5 g
8 8t g 0.02}
& =
it .
41 0.01f
o L3 o 5 R B oL ) e e P T
2006 2008 2010 2012 2014 2016 2018 2006 2008 2010 2012 2014 2016 2018
SRR 1] st
8 -
1.2} 7 o 3B
o —o— K
= ot %
voef——a e JIES
£ o | — I
= = 06 I\ E
= 5 - V2K
& g 0.6f
4t =k
5 =
§z g 0.4} o
5 g |-----fiFgh---moomm e
® 2k m 0.2+
bl D NS | 1 11 > S - - - SO
b ol
0 . . s : s . -0.2 . s . . . s
2006 2008 2010 2012 2014 2016 2018 2006 2008 2010 2012 2014 2016 2018
SR [R] SKAE I (A
2 2007—2019 FHARRFETLIEMRRETHHESE
£S5 2007—2019 £ 3 X Mann-Kendall 1 3% i £
o o F 5K 3l 2 W FE A 7K K W i
J?*? 18 t5 N .
n S Z A5 Ak n S V4 A5 Ak a3
1 e’ 144 —2164 —3.801 EEDET®R 132 —1448 —2.901 EEDLETK
2 5d4fkTae 144 1667 2.928 mERE LT 132 —965 —1.933 BE T
3 A 144 —3832 —6.733 EEDET®R 132 —3 014 —6.04 TEHEDETK
4 BB L e 144 —652  —1.144 B E TR 132 —647 —1.295 BETFR%
5 pH & 144 3322 5.776 mELRE LT 132 2411 4.831 @R I
6 7 144 —1200 —2.107 B E TR 132 —343  —0.686  JCH] B AR
7 fitft 144 —5265 —9.251 EELE TR 132 203 0.883  JCHI @B I-RE#aHh
§ AL 96  —1833 —5.952 EERETH 96 —1809 —5.874  WERE TR
9 i R £ 76 1352 6.262 R E LT 84 623 2.475  EELDZE T
10 by 76 —1258 —5.826 mERE TR 84 —786 —3.124 EHEDRETK
11 AR Eh A 84 515 2.046 mERE LT 84 593 2,444 EEDZE

o WREARRG S Gt Z WbriEfegeitfe.



146 7K AR R 8 %40 &
F£6 2007—2019 EHRRXEWKRIBIRE X ED T
kE  # i W wwe Phat SUER w0 wm omew oame owem Do
i 1
pH 1 —0.227" "
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