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[ Abstract] Yuehai is the largest wetland in Yinchuan of poor water quality during spring, with a significant contribution from
agricultural non-point source pollution. In order to gain a deeper understanding of the distribution characteristics of nitrogen and
phosphorus in the Yuehai Lake and its eutrophication status, water samples from 28 representative sites in Yuehai Lake and its outflow
river were collected during the spring irrigation period of 2021. The distribution characteristics and regularities of TN ( total nitrogen )
and TP (total phosphorus) , as well as different forms of nitrogen and phosphorus in Yuehai Lake were analyzed. The differences in
nitrogen and phosphorus concentration between Yuehai Lake and its outflowing river were revealed. The results showed that during the
spring irrigation period, the TN concentrations at 78% of the sampling points in Yuehai Lake was lower than the Class III surface water
standard, and the TN concentration at 57% of the sampling points belonged to the heavily eutrophic type. During the spring irrigation
period, the TP concentration at all sampling points was lower than Class III surface water standard, and the TP concentration at 70% of
the sampling points belonged to the heavily eutrophic type. There were differences in the sources and transformation processes of
different nitrogen fractions in the water of the Yuehai Lake. pH and TDS (total dissolved solids) affect the concentration of nitrogen

and phosphorus in the water, and DO( dissolved oxygen) does not have a significant effect on the nitrogen and phosphorus forms in the
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water of the Yuehai Lake. The distribution characteristics of nitrogen and phosphorus in the outflow river of the Yuehai and the Yuehai

water were different, and the differences in nitrogen concentration and non-orthophosphate phosphorus concentration between the Yuehai

Lake and its outflow river were not significant in the direction of river and lake water flow ( north-south direction). The nitrogen and

phosphorus pollutants in the Yuehai converged into the Yellow River along with the rivers out of the Yuehai Lake, and the nitrogen and

non-orthophosphate phosphorus in the Yuehai Lake might impact on the water of the Ningxia section of the Yellow River and increase

the risk of pollution of the Yellow River, and the control of the nitrogen and non-orthophosphate phosphorus in the Yuehai Lake should

be strengthened. This work provides a reference for continuously and accurately improving the water quality in the middle and upper

reaches of the Yellow River Basin.
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=T 1.0 mg/L, TP FXHREEY 5 F 0. 075 mg/L, &
WS e A ARBONIE Sh A TN PR A R ik
PR IRTT BB E IR KRB W s AR R E
FRAKM U S BOK A M R A K BOR T K
BRGNP 5200 AR 7K BT KA FHE B 7K
JRAEN S KK Tz B 2 R R L5 AR,
For 48 it 3 b R 254 L R IR ER Cnoll i
SR AT B LS SRR AN ]S e
MR A FIRAE A AT A A h B BEIE 2 1Y 23 A A 7E
Ze 5N SRR K A A ) R K R L KRR
AR S BB A AR 0 A 90 v, 20 7 58 7
AR I PR K AR R B SR 5 AR S % )
FEOEM A 3 3R IR S 0 S A0 A K 1A
o IEBERRER AR IR B (5 TP B9 FL B s, 7E— 2 1Y
IR 2R T S0k 2585 (total particulate phosphorus,
TPP) FF 4 TF B TR £ R BT Wl w2 e A Sy S i 25
% (total dissolved phosphorus, TDP) , il 38 i 7£ 7K H
AR R B B R XU 52010—2019 4R %
BT - B -2 B K R AL TR B S SRR
M4 & (nitrate, NO; -N) (& TN b 7] 4 &5 ik 2
51.1% ,AEBEER #h &7 TP Lo 0145 = 15 5 60.5% 7,
PEAME ST 2R BHK AR ) NO, -N BB 52 i LR )
AR, TS I 7 B SR A S L B g
P R AR & TR A, AT E T 5% B R
S 0N 25 A [ ke 5 A A (] A7 I 285 AU, 58
Iy RTERIE SRR R B

e A, TAR T ety S8R T T AR e K B
Hby RIS TR R K RS TR AR

Yuehai Lake; spring irrigation period; pollution of nitrogen and phosphorus; distribution characteristics; eutrophication

AELLE K Ry EE AN KRR el JE A Ak
AR TRI K B el v 7K P R, PR T IE 3 O A T A R
FH P8 R 1R /K 48545 K o U 5 32 ) Bl BT D)
3 I AT PR VA U A BT BE K BB X
BT, 2020 A0 T80 7 B Bt LRy
Ry B T W T QD A5 OK BT TP A AR T AU R
0. 011 mg/L ARTA T2 7 & B P72 ik
R IR W 5, TP 24P 353 (0. 078 mg/L) ' 5[]
AE 6 H VX BT KA s SR B 20K, 45 T
BT S AT DR i A A K R ( T2k T R
FEARW S T B BN K S T i, A E R
T DR T 5T G s I, R HE S 7 B HE IX ) BT
AT BRI AR FH R AR 7K, AR AT AR AN 24 it FH 0 K =
RBEAT5 Ye Py btiAe FH FE G 1R 7K HEA B 20K, i # Tm]
IKBCEAL, B A B 7838 W i oKl 220,
AN TR T Y R ) T AR T K R 22 Y BB I
AE G T [ Vg 7K 3 bR 0 T 2 9T 7K 5T 7 55 il 7 BF 5
FRRA , JUHR: G T 45 T 1 ) g U B 285 A8 A X 3
IR BT RE M AT

RRFEE RS N K BT, A I ) v AR S
A R BT K BT 1) 52 e (ELAS i — 20 i, AR SOt
8T 2021 AFF5E R BR N 150 v S G 1 3 Tl 3 >R R
FIZKHBER oA Bl U S H: S YT i K AR v TN TP
TN TE A R U B 43 A1 R AE PP Bel Vg K AR 45 R
FE A TN TP 1555 B0, i A7 R TR 301 Bel ¥ 7K A4 S G
WTRTAL KA 22 APk | Sy 760 8 1000 ] Y 7K JB R 100 %o 45 Y]
T HBOKFUE Mg 2%
1 MB57RE
1.1 HRRFSHEMR

Bel VR 6 17 B (81 J A 36 DR 1 T 4 KUK P
JEER b T i 2 T SR SRR AT R D
AR K R 200 mm Ze A7 BHOGTE IR, 28 R SR A
IR 1 DX A Bl A0 S (1 1), b )
P 5T R R 27 g b BB} 2 15 06 YR 9 T U
I RL 22 5508 T (https ://www. resde. en) [
R NEE PN 2R ] I S 2 NG L G | 1 AR e L N 1T 2

¥ F5 M HE - www. stae. com. cn



B A 5 TR
852 Science Technology and Engineering 2025,25(2)

>
38°46'0"N

38°34'0"N

38°33'0"N
38°42'0"N

38°38'0"N

38°32'0"N

z N
S
2t
g
Z %
2L e mme o REEA
g
® 012 4  6km
“ 0 05 10 15km k0 e
106°10'50"E 106°11'40"E 106°12'30"E 106°14'0"E 106°18'0"E 106°22'0"E
(a) B HGHO R A B RUSRAY A (b) B HH T U0 SRR A A

N

I EbE
[ J&nw
2
B
I
B ks

38°0'0"N

- B 0 510 20 40km
[ I ®nmm _—
106°b’0”E 107°6’O”E
() BIHEER B8+ M I T )

BI1 Bl BT SR A A B DX Il e ) 2

Fig. 1  Geographic location, distribution of sampling sites and regional land use types in Yuehai
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IR AR B R ARG 0 5k 4 R 4 IR AT AR o JER T,
'fljﬁm/ﬁ( organic nitrogen , ON) PR B R TN MK
8 2= % A (ammonia, NH, -N)  NO; -N FI¥ 4 25
A ( nitrite nitrogen, NO, -N ) A9 3¢ B g8 151" sk I
TDP 5 fiff 2% 1F % % £8 %% ( dissolved inorganic phos-
phorus , DIP) FI UKL 25 1F W 2 £ W% ( particulate inor-
ganic phosphorus , PIP) J5 %22 SCHk [ 11,13 ] #4700
€, TPP ¥ i 25 AF 1E B R £ B ( dissolved non-ortho-
phosphate phosphorus, DOP) Fl5UA 25 A 1F # R 15
(particulate non-orthophosphate phosphorus, POP) i}
W BE X LAZE(EARAS S BN A2 K RV it 4R ( dis-
solved oxygen, DO) TR 58 5 ( pH ) F1¥ fife Pk BL [ 44
(total dissolved solids, TDS) , 7K4& TN . TP K& &
R TS m E ME . o Bk FHA] ILOE 700
11 (Spectrumlab 22pc, b ¥ B A AL 24 Bk 47 A B
AR AR LIS e B T (JASCO-750, H AR
JASCO ~+]) (EH#EXZ SRR AL (SXT12, L=
fRAERT) AR

S T A A 0 TA TR AT BR 2 ) 14 22 b 1 ) o
[GBW (E)083304-50 | . Bkz 14 5 [ ( GSBO4-1741-
2004 (a) | fiff B R AR EH) 5 [ GBW (E) 083215-
50 ] SEFREY) BT, 3 3 A F AR 5 Bk DA el v K B
GBI 00K 25 BE RN E B B, IR ORI TR 90. 0% ~
105% JLFE A, 225 R A HIAE 10. 0% LA

2 HRESH

2.1 RBKEFRIREDGIFMERTEKTF
2. 1.1 PERAR T B RORE A A AR R 75 Fe KT
e Y AR VR A A RRE AN R 1 R 2 (a) BT
IR DMK TN W (LA N 3T, AR R 4r )
SR AU R 0 = 1 o A A X B P [ b R K A
B R bR ) (GB3838—2002) , S kf 5 YHS .\ YHS |
YHI10 ,YH12 K¢ YH15 7KAERYS TN ¥ B2 3438 21 b 3 111
7K ¥5 #E, YHI ~ YH3, YH6 . YH7 . YH9 . YHI1
YH13 J¢ YH14 J& T Hu K IV 287K, YH4 } YH16 ~
YH23 #)J@ TR V oK, Bl R 0 R A AL TN ¥
FEAL TR V ISR OK T, R AR 2 TN W b F
MR ~ VKK, A BB A2 A% H 1B /K 55 AR 15 e
T FER , T B0% X TN W 55 5 5 TR i )
TR K A R A AEEB IR Bl 7K G R )
izl , Zad Bir AU Uik g i B S, TN
WRE B REAR, X 5 53 R0 TN A2 {6 5[5 A
1 ARAECHIN & B IR A L) ) KK TN
W <0.250 mg/L i 12K AR R F00E FR I, TN e P
7£0.250 ~0. 700 mg/L 35 B N B 3K AR R i 57

AL TN #BEAE 0. 700 ~ 1. 30 mg/L Yo B, 127K 44
NEE IR TN W > 1,30 mg/L B, % KAk &
R, YH3 YH5 YH6 . YH8 ~ YHI3 & YHI5
JRTEERM, HR& AR TERERM, JK
B ARAR R B

S HAMRIEIAR L, 2021 AFEFRTE A BV TN SF-34
J& (1. 66 mg/L) T 2010—2019 4EHERR) TN -1k
FE(1.88 mg/L)P"Y  2014—2020 4E KW TN ¥ &
(1.67 ~2.82 mg/L) " JZ 2018—2020 4F #5 i) 7 & B
TN ¥ (1. 87 ~2.8 mg/L) )| 5 2013—2018 4K 4]
TN P-4 FE (1,61 mg/L) ™ KARK 2, % T 2014—
2020 47 % FH 5 TN ¥ BF (1.278 ~ 2. 137 mg/L)"™ K
2014—2020 4F{EE] TN W EE (1. 619 ~2.416 mg/L)
BeARKSE) 5 Be vTEAE MR A HE, 2021 4F R
Wi TN S-H49 B =5 T 2019 4F 5 H i TN -1
WRE (291,10 mg/L) Y 2 2019 4F 6 H [4iF TN F
Y B (1.05 mg/L) ™ BT 2010—2020 4F [ iff
TN VR EE (0. 74 ~2.20 mg/L) SR ED L 2021 4F
FHE I TN Y B B A A Ot e

®1 ABKEEARESERE
Table 1 Nitrogen concentrations of various forms in
the Yuehai water system

SR 2V

TN ON NH; -N  NO; -N NO, -N
(mg-L™") ’
AR 3.200 1.820  1.470 1. 040 0.012
/ME 0.813  0.049  0.328 0. 087 0. 001
TFHIE 1,661  0.667  0.656 0.332 0. 006
bRfEZE 0.772  0.594  0.285 0.292 0.003

2.1.2  BEARART AT E TR S A AR T F
KF

e AR A A5 T 28 RO B B A A R fE a3 1 D
B 2(b) ~ K 2(e) iR, Ak NO; -N.NO; -N 5
TN W B AR AL RE AL, 0T BE =& 15 YR AR R, 41
4 B2 FO JE ¥ H KNI A ON > NH, -N >
NO; -N > NO;, -N,4 FIEE RS (5 TN BI{H KM
J£ 4 ON (40.2%) > NH; -N (39.5%) > NO; -N
(20.0% ) > NO, -N(0.3% ), ON ¥ A5, ]
BB DR A M T 55 Y 1) A1 i A A8 22 DA T Bl A
YIVE R SR ) B SR B3 A B PR 48 s N -N
AR 8, nT B R B | DXt S L it
FBRER 32, AR B Fh 2 T2 AL 5 R 35k TR % R
R IR B T K A K =AY NH, N,
NH, -N Fifife 3B K 30 A Bel 16F , 4 (e NH, -N ¥
RO =1

ON.NO; -N . NO, -N 5 TN ¥ E£ 43 /i AL, 1
mE AR AR, B A R AT R Rl Tl Fi
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Fig. 2 Concentration distribution of total nitrogen and various forms of nitrogen in Yuehai
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AFFEUNEE 2 FIE 3 (a) Wi, X Hoq K PR
HPRIE) (GB3838—2002) , KA £ YHI , YH6 , YHT
YH15 /KEERY TP RS &8 T3 VK HAHFST RAE
MR TFHRIVIOK, MR E B SRR A R
Y KR TP < 0.020 me/L B, i K A& Ry 358 37
TP e BELE 0. 020 ~0. 050 mg/L 78 Bl N I, 3% 7K 44
JrRE FRAL TP W BEAE 0. 050 ~0.090 mg/L L H A
B KA R S SRR TP ¥R > 0..090 me/L A, %
KU EFEFRA, YHS YHI7 ~YH23 R T & E SR
B A SB B E B IR, R VEEE TP W 5
FAE(YHLT) B9 H B, AT BB i A7 B R AR Ak T
T PUHR , SIS Sk BE A K AR T O R, & A
—E BRI YIRJRTE K sh 1 R 2 2P R
B, B TP W AR AL

2021 4EFHHY B TP SFHH (0. 096 mg/L)
KT 2010—2019 4F 3t & ) (0. 113 mg/L) " J&
2018—2020 4F & W7 H B i) TP ¥ & (0. 13 ~0. 11
mg/L) P A & F 2014—2020 4F F BH 1 TP vk
(0.031 ~0.061 mg/L) "™ 7T 2014—2020 4E KW
(0.074 ~0.151 mg/L) & 2014—2020 4 £ i TP
WeRE(0.073 ~0. 11 mg/L) ™ WK, 5
ARV BE A L, 2021 A7 B AR el i TP - X9k B2 1K
F 2019 4E 5 A FHHE (0. 11 mg/L) ' J 2019
46 AT (0. 18 me/L) ™) {HE T 2010—
2020 4E§)F 4% B (0. 067 mg/L) P00 2021 4EF#E
W TP SF- 35 e B A AR R AT BT R B, (B AR
AT e o

TN F1 TP VE R KR & 35 5 0 BRI R, 3L
FUABAR fb 23 5 0 77 Ui Al 0 B v A AR 4ok
& TN/TP <9 BRI AR ; 47K K 9 <TN/TP <
26 PRI AL R R 5 7KK 26 < TN/ TP B 3%
BUOMBERR T B A SRR IR, TN/
TP % TR, & B SR & A AL TN/TP,
ik TN/TP S By T A K & B - bibia e 2
SRR B B AL BRI K AR TN/ TP B AR 7
7 ~46 ,BIHN 19, TN FIHR S TP SFHk B HAE
17 R L DUVRBELRR Y 32,8, 9% MR SR T

xR2 REKEERBEESBKE
Table 2 Phosphorus concentrations of various forms in

the Yuehai water system

St

TP TDP TPP DOP DIP POP PIP
(mg-L~")
R 0.189 0.039 0.160 0.022 0.024 0.147 0.060
f%/ME 0.065 0.007 0.055 0.001 0.006 0.011 0.004
M 0.096 0.024 0.072 0.007 0.017 0.047 0.025
brifEZ 0.023 0.007 0.020 0.005 0.004 0.005 0.013

RBRH,60. 7% MR SR T ABEILFR |30, 4% 1R
FE B TR, 5o 1A Ve & 8 TR AU
2.2.2 BRI SBIR TS MR AERT R
K-

KA EE4E DOP DIP . POP L) ) PIP 4 FiJE
Ao B KR P £ S BB 40 AR FRAE AN 2 A
K 3(b) ~E3(g) iR, BEKE 4 FPIE B E
YIE R/ NI & POP > PIP > DIP > DOP, POP ¥ &
BEBTHAWE SWE, 4 FE AR E & TP 2
/NI POP(45.0% ) > PIP(27.9% ) > DIP
(17.4% ) >DOP(7.8% ) , IEWEFREH W & /5 TP ¥I{H
h45.3% , AT BB WA & E SR AL

POP ' TPP 5 TP ¥ & A5 {b a# AL, &5 (A5
PRAE R VGRS S AL B, NN A, DOP,
DIP 5 TDP ¥ B AR fh ik S AR L, ¥ 2 el 65 =
FAHR . PIP i [t BHL7E 58] VA R 4R )1 A6 57 18 e el
BT (YHI6) , AT AE A2 248 AL A F LA K3 % 06 s 3
M, TPP ¥ B & T TDP, ol g K M Ab T HHEW], LB
AT 7K A4 FHEE IR AR 7K A 7K R Ry e g 4 h K A28 0 3
KAL) A Ty DLIE , i 22 7K 738 4 5 | JURL 4 T
T Z I TPP SR, fE—E IR N R
™ TPP H [ IE B R £ RN R IE 8% 1T DL FE 46 A TDP,
TPP & fad i f 2 s g e K i g B RS i i
By NS Wi S N
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Table 3 Correlation analysis results of nitrogen, phosphorus and basic physicochemical properties in Yuehai Lake

B pH TDS DO TP DIP TDP PIP TPP DOP pPOP TN  NH,/-N NO;-N NO,-N ON
pH 1
TDS -0.699" 1
DO 0.187 0.047 1
TP -0.495" 0.6397-0.080 1
DIP -0.361 0.346  0.030 0.608" 1
TDP -0.640" 0.518" -0.185 0.658™ 0.720™ 1
pIpP 0.650 “-0.454" -0.002 -0.392 -0.421"-0.370 1
TPP -0.090 0.446° -0.027 0.765" 0.284 0.131 -0.135 1
DOP -0.476" 0.337 -0.346 0.310 0.178 0.759"-0.142 -0.091 1
pop -0.533" 0.464" -0.081  0.657™ 0.525° 0.367 -0.866" 0.521" 0.052 1
TN 0.497" -0.649™ 0.040 -0.483" -0.5757-0.552" 0.410 -0.266 -0.394 -0.439" 1
NH, -N 0.216 -0.167 0.156 0.186 0.116 -0.164 -0.087 0.423" -0.323 0.275 0.218 1
NO; -N 0.680"-0.740" 0.195 -0.687"-0.674"-0.665" 0.613"-0.453" -0.399 -0.674" 0.779™ 0.042 1
NO, -N 0.171 -0.300 -0.096 -0.316 -0.360 -0.250 0.099 -0.370 -0.058 -0.204 0.456" -0.243  0.447° 1
ON 0.208 -0.327 -0.289 -0.418" -0.344 -0.119 0.357 -0.425" 0.091 -0.503" 0.544™-0.539" 0.372 0.515" 1

T RAREFE p <0.05; "RARIEEFE p<0.01,
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