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Abstract. There are 25 tributaries carrying significant water and nutrients into Lake Qiandao. As the largest tributary, Xin’anjiang
has remarkable impacts on water capacity and water quality of Lake Qiandao. In order to provide substantial information for the ex-
act annual amount of water and nutrients from Xin’anjiang, the inflow volumes during 2006-2016 were calculated based on a catch-
ment model—Xin’anjiang Model. The annual external loadings including total nitrogen (TN), total phosphorus (TP), ammonia
(NH;-N) and chemical oxygen demand ( COD);, ) were further calculated with monthly-monitored TN, TP, NH;-N and COD,;, at

Xin’anjiang in the same period. For investigating the impact factors of external loading from Xin’anjiang, statistical analysis was
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conducted with the external loadings correlating the water quality parameters, inflow volume at Xin’anjiang, the population, GDP,
economic development and land use at the catchment. The results show that Xin’anjiang is carrying about 51.4% of the total input-
ted lake water including surface water, ground water and precipitation, accounting for 67.3% of the total water input by the main
25 tributaries. The annual loadings of COD,,, , TP, TN and NH;-N from Xin’anjiang are 11458.4 t, 214.9 t, 7649.2 t and 756.5 t
which account for 50.7% , 34.3% , 63.7% and 48.4% of the total annual loading from catchment respectively. During 2006-2016,
there was an increasing trend of loading CODy;, , NH;-N, TN and TP by Xin’anjiang. The external loadings from Xin’anjiang in
spring and summer were higher than those in autumn and winter for all parameters. Statistical analysis shows that the COD,, TN
and TP loadings are positively correlated with the catchment GDP. The non-point sources from agriculture in Huangshan City have a
significant impact on the Xin’anjiang TN loading. The riverine inputs of TP, TN and NH;-N from Xin’anjiang are having remarkable
influence on water quality and ecosystem health at Lake Qiandao.

Keywords: Xin’anjiang Model; Lake Qiandao; external loading; seasonal variation
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Fig.1 Map of Lake Qiandao catchment, precipitation monitoring stations
and water quality sampling sites of main tributaries
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Tab.1 Collected hydrological and water quality data of Lake Qiandao
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Fig.2 Structure of Xin’anjiang Model

1K FH Nash-Sutcliffe %% £ %% ( Nash-Sutcliffe Efficiency, NSE ) 5% KAk F/K 5 - flif 12 22 & 43 b ( Water
Balance Error, WBE) f: N R MEL 4 1E ™' . NSE ZE0M WBE Bk 5k

Y (Qus = Q)
NSE =1 - (4)

> (O =047

i=1

=

n

Qi

i=1 i=1

Qune.i

Qo
WBE = 100

(5)



1538 J. Lake Sci.(#38#3) ,2019,31(6)

K, Qun MR ; Qo AR 5 Qo A TR T AT A, NSE B IBHIR IR 5 SR
AR R R AR Y. SRR SRR T, W AR AR 55 ST AR TR 25 M A A X AN K T S AR Y 5%
Bl /&£ | WBE | <5%.

P T = I W AT T A 194 ST A S 5 , s L U A Rl R L YR S 104 9 e R o e VTS R R A T
FE KR8 ST M SE A B H AL T3, SR 2006— 2012 47 GRal % H 5200 9 2 B0 #E 17 3 58 , 2013 4F
ZEARIEAT IO, F 8 SR IESS RN 3 9. 3R A R 0 TR A 0 S0 (RS S 1A 38 RE AR HA 5 b 4y
A 11 B T35, Ze i) NSE 24 0.97, WBE Jj-2% , 353 ] NSE k1 0.92, WBE 2 6% , it B #i &
VLA RE AR R S LA b A SIAR G-t 1y FH ARG B A5 5 225K SR 2006 — 2012 4P i ¥ 346 S0 3 2%
PEAEATHAE , 2013 AE b BAR MEATIRALE , 24 R0 E 300 A S 0 RS S 150 o5 40 A 5 3t R o AL 0L, TR R 45
AT LI ELWM (K 3). 785, REW NSE 3 0.98, WBE i 1% , 5 UF ] NSE J3 0.95, WBE Jy
1% , Ui A 22 TTAS R AR TR K DL b 3 B RS B A A R

43 St R A VR U SRR MR SRR A B T 5 WA R, U R R BARE WA T B %
TR A 24 45 3T AGHITGE 2006— 2016 4R (W% H s, T8 09 45 1 -5 DK 2747 B3R A 5 3 &
AHEL, B S EO TR R R R R, PR SEO TR R G . FR, W3R DL - F s 3 | s R
FHAB L A2 5T B W A U AR DRI, e s ) D g 2 0 B 2R e 45 B 0 B 0 e
T A SEL

160 90
HEE () B uE (a7t )
120
. g 60
£ £
= =
@ % €
B %
40
1 1 1 1
0 40 80 120 160 0 30 60 90
AR P/ mm AR JiE/mm
160 90
120
g g OOF
£ £
= 32
@ 80 3@
= = M
s s
& E 50p . ¢
40 . .
° [ ] L] L]
[ L]
(]
1 1 1 1
0 40 80 120 160 0 30 60 90
FLIMAE P/ mm AR it /mm

Pl 3 4 S0 98 MR 3] S A2 a5 DL I

Fig.3 Observed and simulated streamflows in the model calibration and validation



AT 444F AT Z T T B 3SR AR N B 89 T Bk 44T (2006 — 2016 ) 1539

122 A B OH BB T AW AR (6) #F

W = 86400 x 10°°C - Q - ¢ (6)
S, WO E SR (1) ,C R SR (me/L) L0 R (m'/s) L0 W ().
L.2.3 F% B b G5 IBM SPSS 23.0 §R{EAT I ARHMHISEHE AT, M1 BB () AR N

> (-0 (=)
s 1)

\/2 <—>«/2 (3 -’

2 BRSO
21 HRINBRE

18 HUB 22 RS P RAD AT B 09 T S 10 R 25 2% 2 A WIGHE 192 H R, 0y 22 SLR AR R $2 1m0 T 1
WA MIZH 0 BT U] BB LA i (25 4% SR BTN IE AR IR b A T
WS AR, A& 4 PR, BE— 20T 1T RT 2 AR i o 25 A A IR AT 2 DB AT AL e ) L 1.
2R ,2006— 2016 A H 2L ZAR ity 175.2 m*/s, i 25 Z i 67.3% , o5 SO 51.4% 525
S AW AT By iy 259.7 m*/s, o5 T B 1B A 76.3% .

2500 e A = = 255 BATR BT
2000} :
= 1500 i i
E !
e 1000
5001 !
— o~ — o~ — o~ = o~ — [ o~ = o~ = o~ — o~ = o~ = o~
3313333333 2%333333%33323:3%
\IID o o~ [y o 0 D (=N (=} = — — [\ (] [ag} (28] < <t g} vy O O H_
(=3 (=3 (=3 (=3 (=3 [=3 (= (=3 — — — — — — — — — — — — — —
(=3 (= (=3 = f=3 (=3 [=3 (=3 = =3 =3 (=3 (=3 (=3 (= =3 (=3 f=3 (= (=3 (=
N N N N N N N N N N (] N N N (SN N (S N N N N N
[l 4 2006— 2016 4% H H 2T A MBIk (25 4 B AL T 5 1.5 A M A

Fig.4 Monthly inflow volumes of Xin’anjiang and the main 25 tributaries
and the total water input of Lake Qiandao during 2006-2016

22 FRIEFHWNRENERTHNE

12 FHT TR RIS 25 4% 3228 A THIAT Y 0 3 o 500 SO 1) 45 YT 7K o W 5, 43 #1727
#7245 (COD,, \NH,-N TN F1 TP ) Z4F-F- 35 A gt o5 25 Z5inl i b fsl, DL kg 4e i1 COD,,, \NH,-N TN Al
TP ¥ B A B & I AR PR AR k.

PR B 2 VT LAS M HAth 24 S%00] 0 A 7K 5 W I 50808 st BE A 2011 — 2016 4 T i 2 VT4 11 W7 T /K S5 s
At Bk 2006— 2016 4F, BRI TGE TR L A3 BT i B By 2011 — 2016 4R, 45 25301 i 22 4F -3 A8 7
IR LFE 2 PR, TTUE S, B LA AR AR CODy, (TP TN HI NH,-N 435 di 25 5703 2 A 8 i 1
76.1% 78.8% 72.2% F1 87.5% , 533 5 2 AW 50.7% 34.3% 63.7% F1 48.4% . pIL T WL, B 22 110 T 508
R R K S AMA BRI, WA sk T R E M MRS IR

B COD,, [NH;-N TN F1 TP ff ¥ B A1 L 7 2006— 2016 AF ] (94 FrAs b an &l 5 pirR. B & 5a
A W, ,2006— 2016 4F-4F H Wi iH COD,, ¥ BEAEBRIEBNEEK , COD,, f = e HH LA 2014 4 (2.12 mg/L) , ik
HBIZE 2015 4F (1.88 mg/L). ¢ 7T COD,, £ 4F ¥ 4 A A& 7 11458.44 va, 5 5 L BLZE 2016 4F
(15707.17 /a) , A% IRFE 2007 4F(6546.53 t/a) , 34 | FH#a3i. 20102012 F1 2016 4F COD,,, #k B H9K
X T 2007 Fi1 2014 4%, {H i T ERE G AT EIEEOR, HAMEH A G 2345 T 2007 F1 2014 4. & 5b R0,



1540 J. Lake Sci.(#5a#2),2019,31(6)

2006— 2016 4F#7 0 Wi TN ¥ B2 BR 2008 4 A1 2015 4358 S 5 45 0 s 25 AAN , SR AR BRAR AL AR K, e B 7
1.11~1.53 mg/L Z[a]. F22iT. TN ZAEF- 21k A ity 7649.16 va, 23k 5h - FHia# & B BT 2015 4F
(11246.91 va) , & BLAE 2007 52 (4127.26 vVa) ,AMHZE0T 3 5. & Sc vl 1, 5 O Wi NH,-N SEE 3k B 7
2006— 2014 4E5: [, 2015 45 NH,-N ¥ B2 i B, 2016 AR TR B NH,-N 247 B A S &l
756.50 t/a, 7F 2006— 2012 4E[A] L% sh254k. 5 2006 44 1L, 2016 4 NH,-N ¥ EEH I T 0.097 mg/L, iy A B
BHEINT 1907.41 vVa. P45 Wi TP X9k BE7E 2006— 2009 4E 2 | FH#a3, 2009— 2011 4EFAE T FE,
2011 4 TP ¥ il 2006— 2016 Jy4FE&EAR, /RIGAH BT L. TP 245 A G2 214.91 va, 5 TP 451y
W AR BEA 3], 2016 4F 5 2006 AEAH LG, TP 4R A BB T 309.13 vVa( & 5d).
% 22011 2016 4ERT L TAEKY T FE AR AT
T 25 4 EZ AN A E IR A G DU B AR SANE R
Tab.2 Total annyal nutrient loadings of Xin’anjiang and the main 25 tributaries,
the total annual external loading of Lake Qiandao during 2011-2016

T CODy, NH;-N TP TN
L/ (Va) 12172.66 686.18 190.25 8030.78
25 At/ (va) 15994.25 784.63 241.51 11117.49
T 05 0 S 3 T 95 ek (va) P 7998 634 312.55 1481
AL AN RS (1 a) 23992.25 1418.63 554.06 12598.49
BTN 25 030 EL il % 76.1 87.5 78.8 72.2
ST B A e % 50.7 48.4 34.3 63.7

1) I 0P 300 T O 75 e e e R Sk [ 18],
23 AEKXEHMRIEFBNBRENSTHEUEE
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AR AN FLE Y. 2006— 2016 4E T, FEKAEA 2008 ,2010,2012,2014 2015 F1 2016 4F A /KAFEA 2007 4F, H4r
SRR R KA. il 2006— 2016 47T & i 45 1 Wi i 7 /K B WA Ausr AR &L, 0 SR T
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Tab.3 Seasonal variation of inflow volumes and water quality (TN, TP ,NH,-N,COD,;, ) of Xin’anjiang
at wet,dry and normal years during 2006-2016

KTAR o BTk CODy,, R BE/ TN ¥R &/ NH;-N &3/ TP ¥R/
(42 m*) (mg/L) (mg/L) (mg/L) (mg/L)
FAKAF Fe=s 24.8 2.16 1.59 0.175 0.050
ES 26.0 2.16 1.37 0.125 0.035
®Z 7.1 1.87 1.17 0.075 0.019
L ES 6.5 1.68 1.19 0.055 0.017
A IKAR Fe=s 9.2 2.17 1.54 0.062 0.026
K-S 12.0 2.50 1.27 0.077 0.038
B 5.2 2.09 1.21 0.081 0.016
L ES 3.0 1.61 0.93 0.038 0.009
PR H 2 15.7 2.05 1.46 0.133 0.040
ES 23.9 2.21 1.25 0.105 0.039
B 3.2 1.91 0.96 0.050 0.021
L ES 5.1 1.78 1.05 0.043 0.011

PR T CODy, W BERA WL P E S5 1.97 mg/L Fl 13204.7 t/a, COD,,, e JEE 52 72 = 5 >
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Fig.5 Annual concentrations and external loadings of COD,, (a),TN (b) ,NH,-N (¢)
and TP (d) in Xin’anjiang during 2006-2016
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Fig.6 Seasonal variation of external loadings (TN,TP,NH;-N,COD,,,) from Xin’anjiang

at wet,dry and normal years during 2006—-2016

% 4 2006— 2016 4E4 T FEEhSE 1Y
W SR UEFRIMA S E LA
WK B T 28T AWK BRI AR 56 6 B

Tab.4 Correlations of average nutrient
concentrations at Lake Qiandao with
external loadings, inflow volumes and

water quality of Xin’anjiang during 2006-2016

EWERE  WRIVER  WRIA #OW
SEHM . ERAMLEGR Bk T JEE

COD,, 0.128 0.062 0.571*
TN 0.359 ** 0.239 ** 0.721*
NH;-N 0.729 ** 0.413* 0.848 **
TP 0.547 ** 0.365 ** 0.688 **

s R AE 0.01 GO (XUR) FHCHE B3 5 + RIRTE 0.05

GO (B AR T 1A,

TN 431 By B -5 38 2 T A 17K & A O I
KBRS 55 R B M A e (=
132,P<0.01) , #3250 31k 0.239.0.721 i1 0.359
(R 4). A ULA) TN S-S54k O Wi TN vk B
FIH AR I, SHTEVT TN A ALY
IR IR S R AN A 2.

NH,-N 41729k B 5 3 LA K & 5 A
T T 7K BT T ACTIT  B 34 LA B A DG (n =132,
P<0.01) ,3f H 52471 NH,-N A E& 45 10 W i
KR R B T 0.7, B 2 NH,-N ¥k fiE 5
BT NHy-N AT i 0 7T NH,-N i B AR G
PR T ATK &

TP 49 - 343 B 5 3 2 VT WK & A O I 1
IR AN TP A S i 3 HL AT M e (n =132,

P<0.01) , A2C 2045 1% 0.365.0.688 F10.547.

P A 20 BT TR, 7 10 BT TR 25 A R 215 T 5 T80 /A AR L 98 s e JEE AR SEPEAR 4, PRI 8 11 K B0 S

T B WK BT £ B R
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Fig.7 Annual variation of socio-economic and land-
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225 2006— 2016 4FH7 VT E FRERAE AT B A5 B 1L A 22 20 E A 1 o) AR DG
Tab.5 Correlations of external loadings from Xin’anjiang with socio-economic

and land-use in Huangshan City during 2006-2016

CODy, AT BN R TN AW A NH;-N A 4 TP A
PPN L 0.145 0.119 0.272 0.102
HERFITE 4L 0.764 ** 0.735 ** 0.620* 0.689 *
GDP 0.742* 0.708 * 0.593 0.651*
A P H TR 0.542 0.603 * 0.426 0.557
R b i R -0.202 -0.165 -0.248 -0.229

SRR P AR R TS S 2 RSSO A ERIE RS TS G S R ARFEC LTS
HHE%E) ,2006— 2016 4F ], # 11T A DO 7 147.5 J7 ~ 148.6 J7 Z [l I sh A8tk , A DT AS i kAN O 4
2 ETE RN R TR, b LIRS A D K . 22 VT8 SR AWLE 55 N 1 % B A S 35 AR G
P, SR A ROR AT 5 I IEAR OGO 2 el i 2 R B 1Ly Y s N VBVAR b T, 37 22 VA5 R A 77
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