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Abstract: Rapid urbanization in China leads to serious eutrophication problem as extra nitrogen and phosphorus input urban water-
sheds. Therefore, it is important to trace nitrogen and phosphorus pollution to control and manage water quality in those areas. In
this study, the spatial and temporal distribution of nitrogen and phosphorus were analyzed in Xiaojia River watershed which located
at an urban area of Ningbo in the Yangtze River Delta. The influence factors of eutrophication problem were also analyzed. Water
samples for nitrogen and phosphorus were collected in summer and winter of 2017 based on land-use type and topographic features.

The results showed that the concentration of nitrogen and phosphorus varied at large scales; ammonium nitrogen (NH;-N) , nitrate
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nitrogen ( NO3-N) , nitrite nitrogen (NO3;-N) , total nitrogen (TN) , total phosphorus (TP) and chlorophyll-a ( Chl.a) concentra-
tions were 0.63-3.25 mg/L, 0.52-3.75 mg/L, 0.02-0.22 mg/L, 1.61-12.86 mg/L, 0.02-0.74 mg/L and 0.60-60.57 wg/L,
respectively. Large spatial and seasonal variations were found across the sampling sites in the studied watershed. We use the syn-
thetic eutrophication index EI to assess eutrophication level in watershed, and the results showed that the watershed has eutrophica-
tion level of poor to medium. The Spearman correlation statistics for the 100 m buffer area showed that the concentration of NH} -N
(R*>=0.639, P<0.05), NO;-N (R*=0.591, P<0.05), TN (R*=0.674, P<0.01) and DO (R?>=-0.660, P<0.01) were posi-
tively correlated with construction land ratio. The wetland was significantly positive correlated to DO ( R?=0.528, P<0.05). In the
catchment area, the forest ratio was negatively correlated with NH}-N ( R>=-0.594, P<0.05) , NO;-N (R?>=-0.736, P<0.01) ,
TP (R*=-0.663, P<0.01), PO} -P (R*=-0.533, P<0.05), COD (R*=-0.659, P<0.01), ChlLa (R*=-0.531, P<0.05).
But it was positively correlated with DO (R*=0.756, P<0.01) and Correlation statistics and RDA sequencing analysis showed that
the principle sources of nitrogen and phosphorus pollution in Xiaojia River watershed were strongly associated with urban non—point
source and some point source that exist along the river. Therefore, restricting the construction land scale and pollutant discharge are
the main routes to decrease nitrogen and phosphorus pollution in 100 m buffer area. However, enlarge the forest ratio is important
for controlling nitrogen and phosphorus pollution in the catchment area.

Keywords ; Urbanized watershed ; Xiaojia River; nitrogen and phosphorus pollution; eutrophication; spatial characteristics; influ-

ence factor
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Fig.1 Location of sampling sites in the Xiaojia River Basin and land-use type
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Fig.2 The component ratio of land-use type for 100 m buffer area (a) and

catchment area (b) of each sampling site in the Xiaojia River Basin
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Tab.1 Land-use structures and catchment area in the Xiaojia River Basin

SREERI  SRAES (LK AR km?) - R FH IS B (100 m ZZah X))
i 1%(1.78) .2*(3.57) .3%(3.22) .4*(6.00) . Mdth 6% , Bk 50% , K I8R 4% |, A b 29% |, 1B 11%
5%(0.52) .6%(0.67)
g 7%(1.99) .8*(2.04) 9*(7.60) .10*(7.60) . FRHE 0.5% , B Hb 24% , 7K BE 11.5% , H5% FHHlL 64%
11%(3.76)

T iF 12%(5.27) \13%(5.89) .14%(5.89) ) .15%(5.89)  Hki 3% , ¥ 28% , /KIek 22% , 7 BT b 24% , I3 23%
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AN AR A AL A pH (B 6.89:0.32, A5 AL LKy 6.20 ~ 7.87, KA 43 (S0 s T 55 Bt 5 Wik TN 5 4
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JE 55 [y — S 3n] i A 22 5N K, (B AH B [ AR ) Massachusetts River , Biscayne Bay 0] i A & B 501 5 /N VLI
KR NOS-N e B 5 P VL8 B B AR AT 3R 30, LI 2 A 3 A 3k . 2 0k P 1) Galing River I
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Tab.2 Water quality in the Xiaojia River Basin

By H/MHE KM B{E + brifii 2 5 R AL KB
RE/C 7.1 26.0 16.8+7.2 0.43 -
pH 6.20 7.87 6.89+0.32 0.05 -
DO/ (mg/L) 3.81 12.68 7.41£2.47 0.33 IES
TSS/(mg/L) 6.00 83.00 26.83+18.97 0.71

NH}-N/(mg/L) 0.63 3.25 0.72£0.74 1.03 IES
NO;-N/(mg/L) 0.02 0.22 0.10+0.06 0.56 -
NO3-N/(mg/L) 0.52 3.75 2.41+0.74 0.31 -
Chl.a/(pe/L) 0.60 60.57 17.45+17.99 1.03 -
COD/(mg/L) 4.50 22.70 11.94+4.39 0.37 %%
TP/ (mg/1) 0.02 0.74 0.20+0.14 0.71 JIIES
P03 -P/(mg/L) 0.00 0.11 0.02£0.02 1.04 -
TN/ (mg/L) 1.61 12.86 6.172.40 0.39 -
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Tab.3 Comparison of average concentrations of nitrogen and phosphorus in the global surface waters

NH}-N/ NO;-N/ NO3-N/ TP/ TN/ PO} -P/

FIR. (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) SHIM

IINBETT I 0.72 0.10 2.41 0.20 6.17 0.02 AT
PERERT B 0.38 — 2.03 0.11 3.59 — [14]
T 0.41 0.06 3.12 0.51 3.48 — [9]
IR i 0.07 — 0.48 0.15 3.01 — [8]
KT 0.38 0.09 3.14 0.19 3.75 — [13]
W EiR7E ST 4.08 - - 0.24 4.74 — [18]
I I 3.89 — — 0.47 — — [19]
Biscayne Bay 0.19 0.42 — 0.01 — — [16]
Galing River 1.66 — 0.12 0.92 4.66 0.54 [20]
Gomti River 0.30 — 0.36 — — 0.24 [17]
Massachusetts River 0.36 0.20 — 0.06 — — [15]
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Fig.3 Spatial distribution characteristics of nitrogen and phosphorus pollution in the Xiaojia River Basin
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R, SR B T30 K SR A K AR R SR AR —
WL AHEE ELESEATPRN ™ . ABFSEREIL Chl.a TP TN, 30 |- ST B e g M o
COD \NH;-N NO;-N NO;-N DO PO} -P . DOC 3t 10 4~48 —
PRIEAT S BT LR R B0 T SR LI S NP |
B ELTE 16.30~33.29 [l 4b T 307 B R AN 5 57
Gzl Horp, B Be ETEAE 16.30~29.91 Z [ ; i
Bt ET{H7E 29.66 ~33.29 2 [a]; T 1 Bt EI {5 K 28.98 ~ 10 |
30.83. & EFORREERIN P > NF > LiF, X 54A.
T I3 25 i) o3 A HLAT — Bk 0 Y
3.5 HIMEESH 123456789101112131415
350 LR AR TR B KBTI, R

T 35 - M R A DDA 5, MR 7 xS ANRTLBUK IR R B TR AR & T i
BTG AT TEELES IR, SR Spearman HEAT K S A HT , 45 51 Fig.5 EI values in the Xiaojia River Basin
(F4)FMW,RFET 100 m 27 o K A3 b T B 5 e 5

NH;-N(R*=0.639,P<0.05) .NO;-N (R*=0.591, P<0.05) \TN (R*>=0.674, P<0.01) ¥ i & & 3 EAH G, 1M
55 DO #eJiE 5 3 DG (R7=-0.660, P<0.01). B i 3= BALREIN & AR 06 X Tl X Lol DX 45 3T
TS YRR A B M T RE LS A IR T R R TS Y RN AT P R B M A S NOS-N
TP e o AT B A OGE ,  WHETT i 5 O 75 e e g 56520 . BE M T AL o L5 NH-N NO3-N TN |
COD Chl.a ¥ 3 5 5 A . — T 7 , Bk iR k5 e 0o I 2 — 1 it P A L P 4 T 3 oo o e 42
FEHE A, PR B R A T L ARSI /N YT S Y S M TR R A O, LR
T 5 P DR AL T RS, 1 MR, FF AR 0 s e eI, EL A M AR 5 LA b T
R I & L S YR A O, k2P SR /NS S ok YR 32 B Sy B DX I A 289 Bl TR b T
BT H S DO e 5L 3 IEMISE( R?=0.528, P<0.05) , Al L i by X e da K S ELAT 5 35 A WS AL A 384
Tt TR AT BRI SR Vs YRR B . BRI R, NIRRT B S AR AR AR L B i R R SR R Y 6
F, AT A M AT RE XS SR TS Y A .

AN - P RIS T by Tk () DA AR 35 FH A 3 (73% ) VR FH AR (27% ) |, 56 A8 S i
HSE AT — 5. LSRG F b 2R Tl FH R Rl F b, I F8 HE— 25 R 3, 5 SO T RS Y
T AR 3 2 P AL R BT 22 TR ST AR/ NP VT X S8R 75 7K A BB A 23T , LAk PRS2l 540
107 m’/d PR HRTE 3 7 m'/d R WPEY A2 4 07 m’/d BELBE. T5 K A TR B K R H 2R

EI




696 J. Lake Sci.(#3a#2),2019,31(3)
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S B M A /NI K TR s i T g

SRAE AKX I A 3t ] S5 50 /K B A 22 I B AR S 5100 m 2% v DX pA) = b R FH 2R 0 57K
JEAERR A AR SGAEAF AR AR AN [7). 7K DX pAY A 5 P ot R0 T AR o5 L 5 7K S48 s 2 1 6 3 A e i (P>
0.05) s BRI ALt 55 PO -P YR 52 i 35 IE ARG (R®=0.598, P<0.05) s Mt i Uk 15 NHG-N (R =
-0.594, P<0.05) . NO,-N (R*=-0.736, P<0.01) TP (R’=-0.663, P<0.01) PO} -P (R’ =-0.533, P<
0.05) .COD (R*=-0.659, P<0.01) .Chl.a (R*=-0.531, P<0.05) i & B MAH K, 5 DO #e i 5 3.3 IEAH
K(R*=0.756, P<0.01) (F4). — il & , Ak d 2 B A WSO AT, BRAE I b F 42 i P 8L Bl
NZEA i R, AR T K DA M TR R/ NPT R A TS Y I R AR

VAT L8 /NI 100 m i [l AT, 2 o) 80P S MBS R 975 e HE L, e 2 R ARl e B0
He AR XA, 338 AR A B T BT Dol SR AT e LA TR R L

F 4 /NPT TR VR L 5 SR A A5 100 m % i IX B AK X3 P 4 i ) FH 28 Y T R o L AR e M 43 B
Tab.4 Correlation between nitrogen, phosphorus concentrations and

land-use type ratio for 100 m buffer area of sampling sites in the Xiaojia River Basin

Eiston A Bt bs: i
NH;-N 0.639* (0.077) -0.564 * (0.346) ~0.156 (-0.594*) -0.401 (0.068)
NOZ-N 0.591* (0.365) -0.812" (0.262) -0.004 (-0.736**) -0.287 (-0.209)
NO3-N 0.303 (0.105) -0.361 (-0.123) -0.313 (0.060) -0.234 (-0.007)
TN 0.674 ™ (0.170) -0.673* (0.169) -0.261 (-0.426) -0.424 (-0.055)
TP 0.450 (0.028) -0.510 (0.438) ~0.184 (-0.663**) -0.431 (0.317)
PO -P 0.399 (-0.221) -0.356 (0.598* ) -0.262 (-0.533") -0.412 (0.015)
DO -0.660 ** (-0.318) 0.377 (-0.286) 0.295 (0.756 ** ) 0.528* (=0.148)
coD 0.497 (0.153) ~0.740 ** (0.370) 0.020 (-0.659** ) -0.214 (-0.083)
Chl.a 0.191 (0.296) -0.646 ™ (0.196) 0.097 (-0.531%) 0.028 (-0.271)

# FORLFE K 0.05, # TR BFEVERF 0.01. 3550 hRAE A 100 m G2 R , 755 A IE K B U

3.52 KRA IR S THE T 84T IFHIH TR ST (Redundancy Analysis, RDA) , j—FfIFF Jrik,
i R ECRE I HE T A R0 L ST B BOTE A5 2 5B 5310 55 R S W X 45 5.
it RDA SM7 (4 5) 0R0 55 1 4 550 2 SRS AERTA BI04 0.76 1 0.01 K et SR BT R 40 51
4 0.91 i 0.58, A G 9 52 HE e (P<0.01) S0 B 5K S BEA 4 F0 SR 508 70 LA B K b
KA.

2 5 INICILHEBK A B SR 551 700 RDA 50726

Tab.5 Results of RDA analysis for water quality and environmental factors in the Xiaojia River Basin

River Basin RDA H /7 %L 51 552 i 53 54 5

FHE(E 0.7586 0.0131 0.0047 0.0005

IR B S bR 5 5 R A 56 R AL 0.9102 0.5777 0.3887 0.3412

BRI K BT tndl i) REE 4 1k 75.86 77.17 77.64 77.69

KR PR SIS F X R Rt E 97.65 99.34 99.94 100.00
FT A S e Y S ) 5 F=8.7 P=0.002

* 78 P<0.01.

RDA RU]IREEF pH AL T4 1 MR, HA IR K Bide br (2 55 7S 2 R (B 6). CAHMR
FEUH BRIE DN 2 e i) i 5 X 4% K T S U A BT AR S IR AR ST 4 SRS A EaR R AE. BRI
T AR A A TR AR A L A 2 ZBR, 5 TN NH-N (NO,-N S5 3k i 2 MG, 55 DO W 2 0 3
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FORSG. B A ELI G T4 4 RIR, 5 NHI-N (NO,-N TN [ COD A58 FR A5G s DO R B -5 36 4 1 A1
FEE R IEARDC. FIH] RDA MR ALEFTTCAR /A5 B I 45 R 5 Spearman AHSCHERF R R (£ 4) B —
o, ©A TR BRSBTS A S S h AR 2 BB R AR I AR B
TR PR TR e BE RSN (E/ NPT TR AL TR BRIR 2, b F AR08 15 G HAT — 5 B9 MR B 24800 T, 2o 0t
IR A R G R 1 B

1.0F

-1.0h L
-1.0 0 1.0

6 /INPRYL IR 5 P15 719 RDA HEFF 4]

Fig.6 RDA for water quality factors and environmental factors in the Xiaojia River Basin

HRAEC T BT V5 K T B HEIX R TR SR8 LY , Tl SR T A % B K B0 7 49 A T5 K b BT Ab B 5
JrATHER. AR IR Tt R I — e Al AR M HE R I HE IR G . X A AR TR K, 72 7T /N s A o)
B SEBTG KT ST K A BRI it Ab B {H I 100% 7 35 A AT 78 Bl AT ZETE A Db, RUAORE &
b A T 5 7K 1) TSR 0 B A LR SRR AT Y.

2 R E) TP T AT AR V5K S Tl R K B 28RS 904, S A TS KA B AT A BRUS FEHERL, /N
PETT I 15 G SR T B2 i 0TI TR 05 et v 5 AR 7 T T O DX 1) b 32 428 i U8 I 5048 , TN TP 4 J5E 433 oy
4~17 F1 0.09 ~ 2.10 mg/LP | i — it 4¢ H A9 b F 42 %8 TN 1 TP YR GBI 45k 1.4~ 1.5 f1 0.2 ~
0.9 mg/L" . Y TIT M AR X PR TN TP S48 KR )75 Ye 07 0 T4 FH MR AR VL. 55— 7 1T, SR 3 320 T
REAFAE /0 T A HERS A A RIS e, M A BRI, 38 B AR FR ke B AR ™, O LTS K Ab BT b 1
5 4 7K B R T A 7 A — i

4 Z5ig

1) /NBETLIRIR N A TS Yo A, DARUTS Yede o™ B, T3 TN R BER 6.17+2.40 mg/L, TP ¥ &2 0.20+
0.14 mg/L, NH;-N ¥£ &4 0.72+0.74 mg/L.

2) /INBETT IR B SR B W A S R4 A0, LA e SR i e ™ B 0 DX 35 /N VTR Sk TN vk J3 A
AR ZEATPENR, B TN IR R4 22 5 L BAFTE & 2 5% (P<0.05) T TP iRk FE Y I sh BT AR

3) MM AT ZR I, 100 m 22 i X P 15 FH b TR R o B S i/ N T K R AR 1) F2 25 e PR 3%, 3
iR TR T Y SR T BEATAE A AR RIS Y/ NV A R TS G ) R R, BRI IE, 100 m 22 X P 4% il
SR ) AR Y5 Gl RO 4 o S R TS Y Y R R AR TR K X, AR D R K R TS e LA
SEVEF B IR AR B A T RS, XU S Y B E IR . RDA JUAR TR B, 76 100 m 28 v X 215
HuTT AR & Hexd TN NH-N \NO, -N 3 B 5548 b5 BAT T 25200
o R BRI T IR R R R AL B P L TR BT
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