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1 MRS ®

1.1 AFR R B0

TP AL A 302 km® (B 1), 29 BN 10% , FIsPT R 09 s 3 X A #5100
T BRI TESIL, ARILMERIGRE R AL MR R, RZREA
b, FRHAK36.2km, 52105 m, FIBAESFERTE N 953 mm, FEEPLES—I10 A, T EE
Hre 7—8 A YRR & b AR HIHE A 80% LA I, AEEHA IR 14.7 C) . 52200 B IX 2 A
ST RN, 2 bk, TP T i X 2 o gk Fl s Rl i 5 i . | 2012 4R KK WL il
DA, P 2 e T IX I SRS, Vi T R I R E AR R A B R, g K T A B
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102;45’%‘? 102"'48’;‘F\ 102;51'}? 1020'54'%2 102;57'% 103"'0’??
T T AR bR b L Al 55 o 5 0 S (2020) 102 11y
bRt S, RS, NI
Bl HIREAESGCETRE

1.2 #HmREHam

FEFELI T I CEREWT A B T 6 A RAEE w3 I RERAR A W /A7, SRAR SN 10 2 TR o — 2%
=, IR T SR, SN EER (B ). 756 MRS, —Zea RSN TR LR
PR, ARAMML, 2 NFEIES TN, T PR L BRAE S B 3l A DGk T8 AR RO ARSI O s YD VA AT
T SRAE i B DU R I bR =, 32 DX 3 B el AR M XA K B HR AR RRAE s 42 A RN
TR RAE B T IR & 32 BHAb , 32 DX W S e T & A8 B K SRS FRARRAE 5 S TRV U] LU T AN
BT 2, X2 AT W DU ) T S sl T T 38 F4 K SR AR AR, SREERTE] N 2016 45 5 H—2017 4F 4
B, REEESNEH —R. KIFEEFESS pH. K& . Eh ( Oxidation-reduction Potential) . NTU ( Turbidity) .
DO (Dissolved Oxygen) . TDS (Total Dissolved Solids) %5 H HORIBO (U-50) 7KJ5 WAz &, &4
IKEEREIN 3 UK, BOFIMEVE A Zedm . KRR RE M RITER IR Ok R BRI AR E
(HJ 495—2009)) (7K MR ARIES (H/T 52—1999)) (ki RAEF ARIES (HJ 494—
2009)) Al KR KRBT AR E (HI 493—2009) ) ZEAHKHTEHAT. HUCRERFE M B
2 L, RS R OIRAAREER, 7624 h NiE E 2 m I KE = A w5 B AR e i o
S S = T A

WA AERL Y TN, NHy =N, NO;-N, NO;-N 347 7, Mid7r s ansk 1 pos, KB scss
TR OV X RS BG BER TR, S D22 FEAE 5% LAY.
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®1 AEBERESERBONLTE

FH WAL AR

) BAE(TN) HA(NH]-N) A A (NO; - N) WAEEA(NO; -N)
s B oL R A 1 . SRS e s W1
WAy 2 P, IR 1 ) B e 1 I
2 HERE5MH

2.1 EZA TN $g8tE T4

FLI K TN &8 AL FE7E 0. 05 ~19. 00 mg/L 2 [A] (£2), TN 782 fLpEEaIE 2 frs. A2
FIAELE, TR0 TN G8 N B2 PUr R Bl K. b4z & FUIFAM O EEiBH 6 P RAES
TN 4R ALTERDE 0. 27 ~9.63 mg/L. #53% 2 Al AT, T4 TN & 5 (5 1) AR H B E — 2 =R A
B, B AT A O AL F BRI L &kt SRR A G SR R TN AR (E
F (FKIRBERERE) (GB 3838—2002) VIKBRME (TN<2mg/L) 2. S RMEER, HitK
JRAE 2016 4E RIS VIR T V20K =), YR IEAN TR BT T, ABITE KR LS. ka5 XR
FEAALT FWEARX, 2 ARG S m/, H TN St 508, S N e AW O 52 32 10 R R 5 4k
TN S EEK T 35 /A, TN IR R —E R BRI T 540 N B 37 2 T e R ) #2678 TN 5 8
TCRHIE, WX 2 ok, 2 AKIGEh T, FUri X Ok @i o 3, ARG HE, &
RGP li L. WARZENE, T4 TN S RENE . REMESMEERZ A5, YIRS
T, AREE TN SEEHERER TS, AW O FRAE S 228 10.42 mg/L %
8. 84 mg/L. XEE WM, RV IS R AR, HERKER K, WERIEM
HASE, RS A SR BRI, R IN SRR KT, HER a5 R 62
i, 7EF%010.29 mg/L, MTERZN 8.44 mg/L. 74k, BRI 52 44, TDN (B VA # SR
AR AR L B FRIER 3 DR IR R 17 56 R AEAT T A, S5 AR TDN 15 28 fbia$iAn TN (28 ka4
M, ¥AAESY (%) B, MEKEYT (%) Bk, RS BRreR s —f s h 2.

2008 4F, % HUBSE X TG R A R HHE AT TATSE, TN &b Bl S TR, A
TN B{HAS LG 3. 86 ~22.86 mg/L, SAMFITH B EIIEZLIER 0.27 ~9. 63 mg/L AL, T4
I 7 2008—2017 4F 10 4E[a] FREFHA B, AR (KRS T FRE) (GB 3838—2002) ' i TN R
fii, ABFSEr 2016—2017 4F TN MM N8 5400 6 S AT 4 A VIR 112018 I, O
UK E et N IVIOK P, 2022 4552 G I 2 A 4 B I T L SE Tl . X R 1996 AE

WA =3 =7 BRI H LK, 2SR IG TR R RN it 1) b SR 5 .
£2 THWERMARFNELD N 48 mg/L
o e IN frht
e e b o e ik L
2016 -05 0.05 1.03 4.05 7.53 5.65 13.05
2016 - 06 0.39 0.78 4.71 7.29 5.92 8.16
2016 - 07 1.09 1. 06 4.74 4.77 4.78 9.58
2016 - 08 0.35 0. 88 3.94 4.72 4.62 5.76
2016 - 09 0.30 1. 05 4.40 5.69 4. 64 6. 89
2016 - 10 0.24 1.54 4.53 6.17 6. 26 9.62
]_‘ﬁ_ﬁ_i 0.4 +0. 36 1.06 £0. 26 4.39 +0. 34 6.03 £1.21 5.31+0.72 8.84 +2.55
2016 - 11 0.17 2.03 4.25 4. 65 7.88 7.24
2016 - 12 0.27 0. 61 4.26 4.89 5.35 8.78
2017 -01 0.12 0.96 4.16 5.45 5.61 7.38
2017 =02 0.17 0.72 5. 46 6.18 12.02 19. 00

2017 -03 0.12 1.83 5.65 6. 64 7.88 9.81
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&R
- KA TN i
—RE YT i) SO A EEWR
2017 - 04 0.09 0.20 4.04 4.80 4.61 10. 31
kS 0.13 £0.06 1.06 £0.72 4.64 £0.72 5.44 +0.82 7.22+2.71 10.42 +4.38
Y 0.27 +0.28 1.06 +0.52 4.52+0.55 5.73 +1.03 6.27+2.14 9.63 £3.52
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B AEA A RAEH M.
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B2 EHAFHER (IN), RFENEFLASETE S HHL

2.2 FARARATSRZ G E T4

2.2.1 FEBHEHLESEENZET WAL

FLRISFE R S AEBEMN S AR E LR 3. B 3, & H 0 =R W2 B REnE 4. R E
AU, W NH; =N, NO;-N, NO;-N FiEREZEFRA. NH, - N AR E R 0.08 ~
2.86 mg/L, FARMEHPUE —Je =Rt e EEBETFBHRA S, 58N LR N AR EH
th TGS NOS = N AR R Y 0. 48 ~3.75 me/L, BRI BIAE S o RAE AL, s i 3
EFEFRHORFE L. NOS-N 5 NHJ - N 175 B AR RRIEZARL,  MTRT Vi 25 1 i o A 2 0 oy 2 v 4 4 1Y)
. NOS-N S&igd, HERENFEEZIEEHR 0 ~0.57 mg/L, FAMETE ez R, REHELE
SRR, SR BB B N L. Zi b, ERMNH;-N, NO;-N, NO;-N 5§
TN By23 AL RRIE — 3, i B 2 iR I e . HAR A R WAAIE A 09 25 W) 28 A0 A7 0k A H:
TSR AR FX R, bl XA K IR PR B i, B AR MR, AR IREE R AT, B2 = R A 2RI
HILERZSRED; IR ERCREE S Z AL MA R b, SRREZEKEPNESETE; &5
B EATR R S AL IR 2 SR A X, NS SE R RRE R, A AAKP S REZ TS EFIR
AL RABI AL, WA T RN R, SRAR GRS REREE.

%3 ERAERATARELSRSENFSE mg/L
WAy IR
WA ks WWE W BN mbN e SRR SR
NH;-N 0.08+0.10 0.27£0.32 1.01£0.82 2.17+1.54 1.99+1.20 2.86+1.69 0.08 ~2.86 1.25
NO;-N 0.02+0.02 0.45+0.29 2.37+1.23 1.71+£1.06 1.79+0.95 3.57+2.73 0.44~3.57 1.42
NO;-N 0 0.02+0.02 0.19+0.21 0.57+0.53 0.47+0.20 0.50 +0. 18 0~0.57 0.44
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H3 = 4 5 4
i [ i b I
l Al lh e IS M I8 5 n_WLﬂLHL
SIS S N S I SIIN SR N PSR
L @‘é&&@ AR e @&@
(a) 2016 4£ 5 J] (b) 2016 46 J] (¢) 2016 47 J
10
5 9 g
EalE ~ 8 8
= 7 2 7 =2 7
% 6 W 6 NS
E 3 23 E 5
¥ £ * |
b1 5 2
S S SEE N NSNS ® RPN
DAGRE T N SR S §),’e &8 <>3\ &8 Y £ o S
P ¥ %&'\&g@ %\,&/@f ¥ /%)@
(d) 2016 48 J] (e) 2016 49 J] (f) 2016 4§ 10 J]
10 10 10
9 9 9
o8 ~ 8 ~ 38
= 7 = 7 a7
% 6 B 6
22 3 2
2 ¥ 2
! |—|_|_:—|—|_|—|—|—.|_|—|—.|_I_H 1 o r—l_L ! I‘I—I—
04 0+ - 0 _m
SIS SRR ST SIS SRR A PRSI NI
i T A N FGE R O R D O R R
Ay CIR Ay WO X ATy B X
(g) 2016 4111 J] (h) 2016 4§ 12 J] (i) 2017 4£ 1 J]
10 10
2 9 9
8 08 w8
34 3 34
E3 E s £
H 3 =i B 3
Ll L aad
i = I8! 3 Tl
A S SIP S SIE SN & xi\ N 2 g S JION SR NN
IC A A N FGE R x%< DI O A
VA %R &_/)3( VA wgy N ?%/ STy EEA (;,5_?(
(j) 2017 4F2 H (k) 2017 43 J (1) 2017 414 J]

B4 EZKAZAGARBEFELSEENZBEURFE

2.2.2 FEBHFERASRE W8 ERAE
TR AN =AW IR 4. K S, SRBL= RN RALRE MR 6 frR. 4. B S5 A,
M =F B RVASRHIER , E5 NH, - N S & s Eom 2.32 me/L, HBIFE 6 Ay, HAKEN0.28 mg/L,
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HBE 12 Afr, ZAEIREROR, R RERETWZENR A, NOS - N V&R Y 3.60 mg/L, HBE
12 Ay, wARMES0.54 mg/L, HMBLES Afy, RBUHFFRMEZFRAHEN. NOS - N PR R {ES A
1%, ASAEIEEERYIN. AR 6 I, A MBI S R SRR E R, DIRIRMIL ) E R —R Bk
FEMNO, - N S AR AR, FIZE NH-N (GHem, $3RINOS - N S HE. DURIE AR BT E R A
HIAFER RPN T /KA, NHT-N SR A HE RS, NOS-N SE21Ls
ZHIB, 10 NOZ =N B i HGW AR PERFAE. 3 T3k 2 SSRGS R BFRERAE AL, AR T AN E
KT X AN R L B ARRURR A, B N = N S B E RS G H s i 20k . NOS - N S A 52
B, T NOZ =N B {E R R AL ACRIXIARE. TG =R R AURAIE S 22 A1 T A RIBE S RAR L, 4023
AP S R RIS - VR — U KRB R & IR K R R A A S TR R A i 5.3 4. Cao™ |
Zhao %5 BFFE & TS KAE RN AR AR SRR B T, R R s Yk T4,

*4 FAEREBERAERREESSENE mg/L
5 RIRFIES S EHE
NH;-N NO;-N NO;-N

2016 - 05 2.20 2. 42 1.10 £0. 82 0.22 £0.26
2016 -06 2.32+1.82 1.21 +0.88 0.25 +0.23
2016 - 07 1.81 £1.31 1.03 £0. 85 0.18 £0.18
2016 - 08 1.29 £0.98 0.54 +0. 41 0.24 +0.22
2016 - 09 1.08 £1.02 0.75 £0.76 0.34 £0.78
2016 - 10 1.69+1.78 1.97 +2. 16 0.22 +0.19
e 1.73 £0.49 1.10 £0. 49 0.24 £0.05
2016 - 11 L13+1.18 0.83 +0.59 0.22 +0. 16
2016 - 12 0.28 +0.25 3.60 2. 09 0.19 £0.18
2017 -01 0.47 +0. 48 2.59 +1.85 0.27 0. 18
2017 =02 1.27 £0.96 3.24 £3.42 0.29 £0. 30
2017 -03 2.19 £2.26 1.61 £1.50 0.25 £0.26
2017 -04 0.58 £0.75 2.07 £2.11 0.43 £0.45
L 0.99 £0.70 2.32+1.03 0.28 0. 08
P 1.36 1.71 0.26

B 0.70 1. 00 0.07

e @ “FIZE" {02016 4 5—10 HRFEFHE; @ “FF" (£ 2016 4 11 H—2017 44 AREFHHE; @ “4
Y17 ST R A (.

— B~ NH}-N

BSs ERASFAMERERSHE
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P WiZENH j-N FZENO;-N MHZENO,-N [ RFNH -N £7N0;-N [l 7%N03-N
1.4%

23%
% % % .
35.5% ,/ 38.7% 36.5% " 277 ‘7,‘
/// 7% : 46.7%
2160
9‘5%1 ‘ 6%

16.102) ‘ 9.7% 0.7% 24.3% 6‘20;0 4\‘.2%
(a) —HARMEMA (b) VIR RAE 5 (c) MR AE AL
MRA7 AR Ak T AZTN A AT
6% 5.2% 4.1%

- 26% ] 25.4%
. ‘7 33.7% 26.1% - ‘ ‘
6.9% 6:1% 34.7%-
‘_ \ e 161% = 16.8%
151% ¢ 5o, 11:5% 208% 5090 158% 320,
(d) G bR 2 UM (&) bR RAE R () A RAE U
(AT s (PB4 Wit (EIAT Vit

E6 FHAKTRARBMEHSRESTELSE
3 9%
3.1 FBEAFARRARALSREN TR
N TR GBI X BIRA B A B RE I, 2505540 6 ANFE L 12 A 0y R BE -1~ 4A1 A
RS, UELRMKHE, pH, DO, Eh, NTU (i) . TDS, 6 NIHEH F1E @R ALRE, I NH] -N,
NO; =N, NO; =N & (E/E A MmN AR i, s ARSI T BRI SR N TEBR R, 4R INE 7 PR,
®5 ESAREERFHE

i H K/ C pH DO/(mg - L™") Eh/mV NTU/(mg - L")  TDS/(g-L7™")
2016 - 05 21.12 £1.79 7.14 £0. 38 10.5 2. 81 43.4 £23.7 35.28 +14. 8 0.28 0. 15
2016 - 06 22.29 +2.88 7.24 +0.37 10.04 £3.16  43.08 +22.22  38.7217.5 0.28 +0. 14
2016 - 07 20.33 +2.33 7.69 +0. 41 11.2+2.98 44.38 +23.74  43.49 £9.92 0.28 0. 15
2016 - 08 20.89 +1.95 7.07 0.3 10.01 £2.76  44.88 +22.89  52.01 +24.45 0.29 +0. 15
2016 - 09 20.57 £2. 88 7.42 +0.4 9.87 +2.58 44.67 +21.85  76.56 +55.34 0.29 +0. 14
2016 - 10 19.04 +1.91 7.2 +0.27 9.28 +2.96 46.57 +22.98  86.28 +49.52 0.3 +0.15
2016 - 11 12.39 +1.41 7.49 0. 21 8.24 +2.74 44.28 +16.85  105.58 +37.6 0.29 +0. 11
2016 - 12 10.44 +2.27 7.09 +0. 33 8.27 +2.55 47.63 +24.77  55.29 +13.11 0.31+0.16
2017 -01 13.12+1.72 7.18 +0.24 8.31 +2.43 46.28 +23.75  56.34 +18.17 0.3 +0.15
2017 -02 11.75+1.7 7.67 £0.25 8.93 +1.66 47.43 £25.26  65.11 £5.17 0.3 +0.16
2017 -03 15.98 2. 54 6.96 0. 34 7.19 £2.52 44.09 £22.36  80.35+17.89 0.28 0. 14
2017 - 04 19.37 £2.77 6.5+0.32 9.87 +2.05 47.61 +21.31  86.31 =31.47 0.31 0. 14
S 17.36 7.25 9.46 44.83 64. 51 0.29
iy 4. 60 0.43 2. 66 20. 96 33.93 0.13
HOCHEA BT 45 W], TDS, Eh M DO X EEWME N[ oo @@ Fi.S
WAL B . 49 NH; - N, NOj - N, NOWNJw o @& :: : 0.60
~ . . NO3-N [oss o vorn o 0.40
NO; - N & &8k 5 TDS 2 B 35 1 IEAM S, P {EHY/) TW [0 on o <[l Lo.20
T0.001, FHEFHHI% 0.61, 0.56 1 0.74. il i [ el = O ol o
D 049 047 048 0090 | 032 DO =U.
7%?‘79 i%‘(ﬁf%ﬁbﬁ*ﬁ\ —Fﬁu;{zﬂa%uﬁﬁiﬁiy F)-l" Eh [ost o5 0om om0 0s7 En / 'ggg
FEA A AR T T IR VS G B A R AR R HE A, TR ﬁgmmfwww“””” -0.80
SR 2 2 T L5 4 TP 1 TDS I AT, 5 BT 37 o s s:iso002
. \ N , - s &
FH S BB HAL. FEIT Eh FIE KRR S B &S =
S M IEAHH, 5 NH;-N, NO;-N, NO;-N YE:*P<0.05 ** P<0.01 *** P<0.001

R EMA X RS2 R 0.61, 0.57, 0.73, PAHP/N BT EHARERTHRBERSHOBEXMEDIH
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F0.001. Eh X 7RE R BT & YRR 2 WAL I A 1878 8 X, Eh (B0, S AL fEsR, Eh (E#/),
SR, R I AU (S SR 3h 3 S AU AR . 5 Hilmi AR R Helard DY 45 3 A 534 7]
e, AWFFEH ) TDS 5 Eh 2HLH B8 B IEMSCME (P <0.001). BR T TDS A Eh LISk, SRMKRAE
5 NH; =N, NO; - N fFEIERISCR R, KRt 2 AR ML SN EE R 7. DO &8 HA S R
LSRR B B & B ARG, DO 5 NHI - N NOJ - N, NO3 - N & B {5 #9 AR 5¢ R 405 51
-0.49, -0.47, -0.48. FARERPH N, FEBEE ELMMBMANIRERM AT, K& S R YW it
o W ARRAEATTI, R R AR YR B, T3 2 Gl A W SR A S 0 S i R LR A A
AL AR, PRI R i DO T AEREIT IAN. £5 LT, TDS. Eh, DO FI/K i /5% 0 5 4230
RREMATE AL RN T

3.2 BRFEMNEERALSNH A 0.00 =
U . . . 5 1.00 I
FERMPBNEHR 5—10 H, BF R 11 HRE _F4 H, W ) (e

PR TG Yt AT I e M . AR SE A BE, RN
MBEERRAAESTFAELZR, N=2RARILELE, FFMRA
Hom, MRS R (K 8). BAEWZ6 1A AR MK
TR RAE I AR TR 6, n 2 RUE 2% TR
TN BRI EZAFIE A, Pl B e 19 X 3t 352 o ) T 3 A ) T 9095
T ] A SIS U AR LA A S L B T
MR, BRSBTS B R R S R A
WHEESE, WK R R, s SR B A, N
FHASRWNDETRE. PREHEH TR K + 4
AR AZ A T 5 B DA PR M DA, 25 R R I R IR TS e 32 ek L AR TR AE A AR R, AR
TR PR Z, BA A R AR I WE . eobh, IS SO AR TR M R R Fe AR PR £
LU, APV PHC A A A IR ER I e, AR IEAEDT AR SE B AN LA MR R B 20U
AR Rk AR R R, R KA K RS R O S R S S R NOS - N i
AR R, Xuan 257 BFSE T BRI T AL T O R AR AR R IR R SN, S5 IR R AR R
R PR S P B AR, SOOI BoR A2 R —2L.

0.75 1.00°

025 0.50
NHj-N

B8 ERARBMERESETNEWL

0.00

R6 ERARBEESAEAAMRETEREESSENE mg/L
AR A S5
NH!-N NO;-N NO; =N
AR FH H 0.41 +0.79 0.36 +£0.93 0.01 £0.24
WL LR X 2.39+1.44 1.11 £0. 83 0.56 +0.52
okl A T 3.53+1.82 2.33+1.84 0.44 +0. 14
4 & &

4.1 ERTRBRAN &S LA 0 B &
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WAL B R, BAS B SRR MR T R EFE. NHy - N, NO;-N, NO; - N & &y 5[] 28
PCAFFAERT TN & 5 (9% [ A2 AR E— 2, A RIS FilFg i . NH;-N S 2RTHZE, NO;-N
RN RIS TR

2) TDS, Eh, DO FUKJE# WA R WAL S CHE 7, Hd TDS, Eh 5 NHj - N, NO; - N,
NOS =N SEBUE WA DGR, DO 5 NH =N, NOT =N, NO; = N JUSE B 2 GOHIDCC R, KA
NH; =N, NO;-N 2HHBFEMICR. FLIK KRR MRATE A8 75 £ 82 0875 G0 A 0 Fl
F5, UEANT; BFFEFEZREAE RN ES, UMREEN .
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WHHABBI S ELENIE, X RIS G A A R WA AA S HAEEE L. HE5—
D, KBRS SRR R, 7 AT I (] 8 R O TE . K B AR R R A TR
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YRS PR BEA IS, AR R A A ) AT RS A
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The Characteristics of Nitrogen Forms in the Runoff of Baoxiang River in Dianchi Lake

LU Guan, SU Bin
(Yunnan Key Laboratory of Plateauw Geographical Processes and Environmental Change, Faculty of Geography ,
Yunnan Normal University, Kunming, Yunnan, China 650500 )

Abstract: As the second largest river entering Dianchi Lake, the water quality of Baoxiang River is closely related to the eutrophication
level of Dianchi Lake. Taking Baoxiang River of Dianchi Lake as an example, the runoff total nitrogen (TN), ammonia nitrogen
(NH,-N), nitrate nitrogen (NO3-N) and nitrite nitrogen (NO-N) were systematically monitored and analyzed. The spatio-temporal
variation characteristics and influencing factors of different nitrogen forms were revealed, and the variation regularity of runoff nitrogen
forms in Baoxiang River was explored. The results showed that TN content increased from the upper reaches to the lower reaches of
Baoxiang River, and was lower in rainy season ( May-October) and higher in dry season ( November-April). NH;-N, NO;-N and
NO3-N in Baozang River are consistent with TN in terms of spatial variation of nitrogen concentration, and show an upward trend from
upstream to downstream, which corresponds to the variation characteristics of land use types in the basin. In terms of time variation,
NH -N in rainy season was higher than that in dry season, while NO;-N showed the opposite trend of lower than that in dry season, and
the content of NO,-N was generally low, and the variation range was not obvious. Water environmental factors such as total dissolved
solids (TDS), REDOX potential (Eh) and dissolved oxygen (DO) were the main influencing factors of nitrogen occurrence. In the
rainy season, the nitrogen occurrence forms in the water of Baoxiang River were mainly affected by the pollution of non-point
sourceswith main ammonia nitrogen, and in the dry seasonbymainly nitrificationwith main nitrate nitrogen. The results can provide a
basis for water pollution control and water environment restoration in Dianchi Basin.

Key words: nitrogen occurrence form; non-point source pollution; eutrophication; urbanization
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