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Temporal andSpatial Evolutlon of Non-point Source Pollutlon Load-ef Total

.

Nitrogen in Tuopang River Bam/n 4 /)y &
XTAOQ Yu- tlng, Y.AO Jing, CHEN Shuy’ FAN Min” i "
(School of Env1r0nment and Resource, Southwes't Unlverslty of Science and Te(hnolo Mianyal’lgI 621010, China)

Abstract Currently, the aquatic envm)nmentjof the Tuojiang River basin in Sichuan Provupce is severely polluted by non-point sources
of totﬂl nltrogen (TN? This study adopts the pollutlon dlscha]:ge coefficient method to estimate the ZEN pollution load of non-point
sources in this! watershed durlng 2007-2017. The lemﬁoral"and __spatlal distribution and transfer trends of the TN pollution load in the
Tuojiang Rlver basin were examined, based on center-of- gravity statistical and spatial analysis technology. This study aimed to provide
an accurdte theoretical basis for the prevention and early identification of non-point source pollution in the Tuojiang River basin. The
results indicate that livestock breeding was the main non-point source of TN pollution and contributed more than 45% to the TN
pollution load during 2007-2017. The contribution rate of rural life and domestic waste decreased continually during the study period,
whereas that of farmland solid waste and farmland runoff exhibited an increasing trend. The total pollution load of TN exhibited a
decreasing trend during 2007-2017. The maximum and minimum TN pollution loads occurred in 2010 and 2017 with values of 5.7 x
10* t and 4. 69 x 10* t, respectively. Spatial heterogeneity of the pollution load, together with the uneven distribution of rainfall runoff,
caused a shift from northwest to southeast in the pollution-load centers of gravity for livestock and poultry breeding, farmland solid
waste,, and farmland runoff. Southeast of the watershed is the key area for prevention and control of these pollution sources. A shift in
the centers of gravity for rural living and household waste pollution, from southeast to northwest, was attributed to agricultural
populations transforming to urban populations in the southeastern counties. The maximum transfer range was 66.35 km’, and this
minimum boundary circle is the key identification area of pollution source pollution load change. Northwest of Tuojiang River basin is
the key area in which TN pollution from rural living and rural household waste can be prevented. This research expands the methods for
exploring the temporal and spatial evolution of pollution load in the Tuojiang River basin, which is of great significance for improving
the aquatic environment and promoting sustainable development of the basin economy.

Key words : non-point source pollution; total nitrogen pollution load; center of gravity statistical analysis; temporal and spatial

evolution; Tuojiang River basin
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Fig. 1 Location map of Tuojiang River basin

2 HiESWRAE

2.1 B

N R S A i o Y AR
&, FLARBE R IR R FRAE a2 1 PR,
2.2 RS Y Al

ARG R A HE IR B0 s 2 B s 2R
BT (1 S T e i R RO o R R
B, A5 275 Y W HE R A9 — FhTg e e il A
WD TETIIRZ VU F S, 2 A R A 5 BR
TETLIRSL A3, b 3 R 30 A i i 3 +
FIR A A S B DL A5 PR AR 8 3, 452K
RBEAEN. I, AR R g —HEG R B A
2007 ~2017 4FyEILH I TN ¥5 4% i fop , 2 AR5
N AR RBL R 2.
2.3 ZRELGEI
2.3.1 JLfaEL

JUAR] B0 J2 X235 ] (4 38 4 4, SO B sl
J2 e B = R 2 1) 25 ] 43 A AR Ak O X



8 1

TR s TRTL IR RIS e B A I 2 Ji A

3775

*1
Table 1

HUE SR IR AN BB HHE

Data sources and characteristics

Koy b1 ST

Hns

2007 ~2017 R EIEY LY =i, &8 R,
S H K AR

2007 ~2017 4R ML A B

2007 ~2017 4¢P 4l e it4E %)
2007 ~2017 4 PUNIFEH4EL)

TEYL IR 28 4~ X L

TETLIIE 28 X

2017 4F DEM Mg S S R AE = 30 mx30 m
VETT I X LA i B2 [ 5 TEIL A 28 XS

2007 ~2017 445 H AR89 3 G B0 (o e T B AR i k)

P4 G R AN G R ) A R ) e

TELLTBA 21 ARG i

R2 ERPBEFSEHEHEFERAXEY

Table 2 Calculation methods and correlation coefficient of pollution load of each pollution source

TN SR Y LIS
BERITIANG = 5 BRI < FEEIR B o e o e ot | 1 S
g BTSRRI A gy I IR ATV R B 066G
IR R x R i < T e P i )¢ R R AR
x F 5 DR TS Je W7 e %
Sl L AR I AR V5 Y HE RO s 0, 1 TEIFR 1T
HRHS, AJTRH K, BB FRfeAeTl TN Ry
. B4 51 kg-hin >, 25 AETEMBUTE | % Pl i e 5
KRR L= S aSF, (1) SERRTBL 5 IEHENE s 1F R KO 1. 2, e 1 1y 256 2006 T 32

K 1.5 5EH 1)0) AR (6 1 5 Bk 9T Tk
RIGIEZHOYL 1R IE 250k 1.0, ffﬁ%}éﬁ‘f’)\xﬂfﬁ%
VIR LB DA™ Al $ 0. 05 T .

SCHRE 34,38 AW R BT (R 45 £ e 0T bR

st A e e ez PTRORESE Y P m RN TN 5 g d - R SO [ 36 )
AR RIS = STISB RGOS oo il e R B B U 6008 . A
g —/ ¥ 4y KA 0. 377 . 3
- 4 BN T SR N B A 1 300 0,31 kg -d - T8, AR sE R
s/ o e e et s ik D g g L4 FEMBE ARGS9 TN RHSH A 0 14 ke IR
A 1 3 fﬁfg%ggzgiﬁgéjiﬁggmﬂﬁ BB AT A 0 S,
JIRALY % &' i BOAIAR 7 Rt b K ALY, TS A8 B RS A,
I ‘ = AR AT ) B AT R ECR 0. 20
. . e TN T 6 BRI ) IR PR
%EH}%% kmm%(G%ﬁﬁ=W%F$X’ﬁ:%*él:ﬂ:mﬁﬁ:ﬂltt XZE H:ﬁ}%'ljﬂyo 97.1.03.1.37.1.71.0.61 7Fﬂ2 26; jf?:l:ﬁ:ﬁﬁ}'?}ﬁ

VR 25 R & i x FRT IR AP x 75 R A

SRR 2B A B A5 42

ol Jag e B O 3 A B X3 R % DX s ) o
PRI B AR BR S 23K A 5% 1 S S i JH 2% )
DGEIHERL 255 GIS HoR  THHE A 15 LI TN 15 4
B 119 28 (8] 0 A b, 245 [B) J 0 e AR A 5
WP

X = ZE].xj/ ZEj
j=1 j=1

Y = ZE/%‘/ZE/
J= J=

Ao, X ALY 23 B ERR G DX 15 e A7 A o0 AT FEO0 )
At n ARFREIX N IXEREH 5 £, 0 IR F5 Y
(8 TN 5 LA far ; o, Ay, 25 X BT Y J LA E0 A
B, ARG R ArcGIS XHETT K 28 4~ X B K i
AT 435 28 A X B A LA F 0 AR b,
2007 ~2017 41 TN 15 4417 oy, #5705 G PR 20 RA R
(2) A AR A 4515 G2 IR TN 5 Y 671 faf B0
A AR AR, TR EE R AR ArcGIS 22 R

(2)

2.3.2 {5 YLy A O AR PR RS Sl B
15 gLty 23 [A) O AR PR RS SR B A A0 F
D, =Rx

(Xk _X/)Z + (Yk - Y1)2
(k>1) (3)
Kb, D, FIREE LAERNES kAR5 G 7 f F0 # B))
MIBEES (km) 5 X, F1 X, 20 BIERIREE kAEFNSS [ AR
FDLREAAR, Y, MY, S HIRREE kAR RIS AR
HLZEAR ; TEA T ) b Y B 48 B B 8
Ay B T 50 B2 Bl 5 B B AN, AR5 R Ik 2
W, R U B 111, 1111 R M R BR 1 22 45 Ak b
AL NI B B R BEAh, R T R A TS YRS
Yt far AR TR Y s SR IX, AR 5532 ) AreGIS $5e/
BT B T B 435003155 2007 ~ 2017 4F[E]7E
VLT B T R TS YL IR Y TN ¥ YL 17 i F1.0 e /N Bt
5], AT 52 4575 YL PR TN ¥5 G 67 fp A8 Ak (1) 7 o5 0
591 DX 3.



3776 57

i

L 42 %

L
&

3 HZREHSW
3.1 IR TR LR R

T HE S RBCE AN E A F] 2007 ~ 2017 445 1

P55 G TN I35 G4 far 815 YL I8 19 75 G 1 o 5T
Bk 2007 ~ 2017 4EJRITHEE TN S5 Ye 1 far (1K
2) 12007, 2012, 2017 4FyeiLimidss X B TN &5
Yuth faras (8] 34 (1 3).

100 B IR TR TR B ekt i i) B e i
. ] [ ) - .
= ! o = == B =,
o R 2 S T
o[ ERER L
. ! £ o B R
N
= T e aa b ‘i
Sol B = B OB
- e
= 7
% 50 %:;
E 40 -
=
% 30
b
20 F
10 |
2007 2008 2009 2010 2012 2013 2014 2015 2016 2017
oy
B2 U TR SR RE AR TN SR ERE | 4
Fig. 2 Cor}ti'r.ibutinn rate of non-point pollution sources An thetTuojiang River basin to TN 'r[l)ollutiqp loads in the whole watershed -
. # ! F, j ‘...- "__.-" A .‘ 1}
6 5 ?(;'
sy 545 [ s39 544 — —> TNiGRAMAE RS L
——=_—rmM | |l_ [/ M 518
s | 492 T 1= —F 3482 476 4
5
>
iz
= 4
E
=
iy
.
b= 3t
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
o

B3 2007 ~2017 FiEiTifE TN iTRATH
Fig. 3 TN pollution load in the Tuojiang River basin during 2007-2017

mE 2 iR, WERKE , 2007 ~2017 4E & &
FEGHTS Y YR AT TN 11975 Y& 1 fof o7 ik 3 05 v, 9 7
45% L I RIS TLIR EEG YY), I A 9T &
B g ] Bk b B ff 1 B B TN 9% o B ik
202.98 kg-hm ™, i 8 2 M0 A i A ok £k 170
kg-hm 7 WL B B R A T Y U R VB VT S TN
TS Y B G Y. AR R AR T
FIA RS A= TG B35 YL YR X TN 75 Y B A 52 ik 2R 42
AT R X g i T IR E AR A E kT A E
Ak AR N YRR D AR AR AR TR R AT
B 95 e A e o 2 XYV S TN 1 5 G
Gt TR AL 2 B ARG 5 A P 11 2 A TR AR 3 35
TR0 2 348 o A R D PR A L 0 20 e £ fr

WA LUFEY R = & R IEH 5, 5 2007 M L,
2017 eI A AR E TR = 4 B T
7.81%. 42.49%, 3t HZ B EY Cilkh) RS Fr iR &
HoA 2. 26, FEFF i, 2 Tg oK, (A5 A [ TS
GLPEXF TN 175 Y 57 faf DTk 58 0] 52 335 o 4

HH I 3 AT EASKR R, 2007 ~ 2017 4R IETL
T T PR TN BTG e £ far 2 R B R . DA R
AEKE, 2007 ~2010 4F TN G5 4L 7 fif 2 F4F
FHa#, 2010 4Fi5 4L ff ik Bl K, 5. 70 x 10* ¢,
2017 554 i /N, A 4. 69 x 10* 1. 2011 ~2017
A TN S5 e £ for 22 BV T B AN B4Ry BT
FRAE, Horp 2013 4G TN BUI5 4L fiofg B i, #
F 2012 4F TN {9 805 R s> T 0. 59 x 10* t.



8 HA P FIEAE . YETLIRER

SR A5 e 07 e B 2 A8 3777

3.2 IsYAfTEOD)

FHF 2007 ~ 2017 4FJEVLHI TN V5 G 6 faf S
ffegicE , MUC(2) ~ (3) 0B Haa i TN ol i
MﬁmxﬁﬁSﬁﬁﬁﬁnﬁ%TNﬁ%ﬁﬁﬁb

e B EhIE e 45 % 3 ~5 frs, I3t ArcGIS

P N
@ HEBJLMTL

{5 L

% Bl

£ @
it
° T i [

WM i
g, JES ,r'.‘-l;-_r.b{

Y

Je 5K

£ K
B B e

4 8
ol K®K g
E T BN e
PUESRL S

JE LA X

0 50 km R GIES

|

B EAS BN VLR B & R AT AR TR R R
A G B3 A FHAR I AN AR T [ 2875 e VR ) 0
Bikte, 25 R mE 4 ~5 Wi, K 4 )51, 2007 ~
2017 A TLI A ¥5 G 7 fof 500 B 40 A AE AL T1¢
TLH R ) E VL IX R K.

2007
i&oos
2007
® mol1
200852010 509
® 2009 g
’%870 20125515
2014
_0|?20
%201 7;)]6 008#0 70|4
TS0l 4
& 2018y 2016
o1
20
o
2017
0 2 km 2010 %3 2016
207”8013
[ {] 2016

A REEERRERAEED 2007 2017
@ e R AT A @ 5]
B e [ P 5 e 7 7 R 20‘”
* TNBE G 93010
xS A T 30”7[”7
+ EE IR Y L

BRI

] B4 2007 4 2017 550 T E RS SRR TN ﬁﬂ’éﬁﬁéruslﬁlﬁﬁ

o Flg 4 Spdlldl d_strlbutlon of TN pollutlon lodd LCHtCI‘SJfI'OHl non- poml pollution sotrces in the Tuojiang River basin during 2007-2017. 7

32ﬁ
m%%@#ﬁm -

M 15 U TN 35 30 08 T RS BRI
2007 ~2017 4F, & 8 FH A% H B e R A2 7
15 YR TN 5 e A far 5100 SAR Y i 3 38 0 P A 1) AR
R R By, AR A 1 R 2B 36 b 375 L I A TN
55 Y A7 Ay F O ) i 2R ) P AL T AR (WLIET S )
H AT R RS R 550548 55015 Y2 B ey, 1 A
A TG LR AN AR AT AR i 1 YIRS e A e R Al A

&3 2007 ~2017 FELiRE TN 2

HNMH%AW&%EEWTNEWAﬁégg

Dﬁ%ﬁﬁﬁﬁﬁﬁ%{ﬁﬁﬁ%EMEmAﬁm
HVRAE R — i, SRR A 3% 7 ORI AR A 7% 7
JEY TN ¥5 G0 f SO R S 8 45

23 ~5 A[ 1, 2007 ~2017 4, TN fi5 4L
T E VS TE 104°4328" ~ 104°44712"E, 30°01'14" ~
30°03'04"N Z[]; 7 & #2561 YL U5 TN 15 4 11 fof
O {E 104°437 12" ~ 104° 44" 42" E, 30° 01’ 07" ~
30°04"43"NZ [8] 3 A A T FA RS A= 1 b7 305
TIN5 G 17 fof O VK 7E104°41725" ~ 104°457 10”E,

RIERAGAE EERESTLERE IN SRATECEBES
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