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Control of ammonia nitrogen overflow pollution in rain-fed urban rivers during flood season based on water
environmental capacity//Shen Jianjun', Li Yiping', Jin Laiyu', Zhang Huang® , Zhou Yuxuan', Zhang Zigi', Li Jingbo’
(1. College of Environment, Hohai University; 2. Eco-Environmental Research and Development Center of China Railway
Group Limited; 3. Xinhua Water Resources Holding Group Corporation, Bureau of Comprehensive Development of Ministry of
Water Resources)

Abstract; Based on one-dimensional hydrodynamic-water quality coupled models and water environmental capacity models,
this study analyzes the spatiotemporal distribution characteristics of ammonia nitrogen overflow pollution and water
environmental capacity in urban rivers at a daily scale. Using the entropy weight method and fuzzy comprehensive evaluation
method, a comprehensive regulation and control scheme for overflow pollution control is proposed, taking into account both
environmental and economic benefits. The results show that at the daily scale, the peak mass concentration of ammonia
nitrogen at river sections and the valley value of water environmental capacity exhibit an obvious lag effect in response to
rainfall and pollutant discharge. Additionally, the water quality recovery time prolongs with increasing rainfall intensity. A
spatial mismatch exists between overflow pollution distribution and water environmental capacity in rain-fed urban rivers:
the midstream urban area serves as both the critical load zone for overflow pollution and the bottleneck zone for water
environmental capacity, while the downstream area demonstrates strong pollution buffering and carrying capacity. Terminal
storage measures can effectively reduce the peak mass concentration of ammonia nitrogen at river sections under light and
moderate rainfall scenarios and maintain adequate water environmental capacity. For heavy rainfall scenarios, a combination
of terminal storage and ecological water replenishment is required, and pollution load reduction near assessment sections
yields the most direct improvement in water quality. Construction cost is a key factor restricting the implementation of
overflow pollution control schemes. Under light and moderate rainfall, priority should be given to pollution load reduction,
whereas under heavy rainfall, the pollution load reduction rate and ecological water replenishment volume need to be
coordinately regulated to maximize environmental benefits under cost constraints.

Key words: ammonia nitrogen overflow pollution; hydrodynamic-water quality coupled models; water environmental

capacity; fuzzy comprehensive evaluation method; rain-fed city; urban river
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Fig.1 Schematic diagram of study area
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Table 1 Characteristic rainfall types and classification criteria

H b FEKE/mm  BERDIES /b SRKRERGIREE/ (mm/h) FXIRERIRE/ (mm/h) 24 h BOK R RIMARAE/mm RG2S A
2022-07-06 7.39 2.8 7.8 2.6 0.1~9.9 /IR
2022-07-20 13.40 10.8 8.1 1.2 10.0~24.9 T
2022-07-10 29.47 6.6 11.4 4.5 25.0~49.9 K
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Table 3 Drainage performance of three pumping stations under different rainfall patterns

. HK R/ p(NH;-N)/(mg/L) NH, -N 3 it 51/ kg

R N T K /NF P K /N i K
A 3000 4440 45480 11.90 23.30 13.63 35.70 103. 45 619. 89
B 3840 5220 43440 8.28 16. 10 12. 44 31. 80 84.04 540. 39
C 31800 27600 270 600 1.43 3.44 2.07 45.47 94.94 560. 14
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Table 4 Calculation results of NH,-N overflow load and water environmental capacity unit ;: kg
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. 243 -



WA AR IS . AR R, FifBs
Yt faf AT AFE T WA IR BERE i s iR BL i A B
W I V5 TR AR ol , HL AR IR X, RN KRN 451 T
I BOK IR B2 i P AN |, T 0I5 e 6 ey 14T
W5 G HE , HCFEITIE 1Y [ R T, 3G e TS YA
B NIE Rt B P i [ SRR A o 5 T U BT 3 7K )
NI, KW &M T KIS &AL
770. 42 kg, LA T IWEBCAEUR AN C 2235 NH,-N 6 i
fap () [V, o] A RO B TG Rl B B g, SEE/N
W R R T S AR R 2 AT

TR 3 5 G A0 Fif FHZK AR 25 i B 23 43 A1 REAE S BT
R /N F B YR 2 A% DR 1T V5 G 4 0 {1 5T v R R
IR AR, U HEAK R X T o R i 2
T it /N RIS U2 A W T S e A PR R4S
T TSP (149 3 et R T Vi S ol Y U A, A2 R R
ST X K BT 55 7K R B8 25 A A 1 O B, 4R 22
SO R, TS Y AR R HEK 115 H AR
T TFT 5 )5 M, 45 Y BB 0T 25 A% R 1T 7K Joit R A K
IRIRAS T IS 25 5 W) 3 R B AT A X T T
PIHEAE SRR RS 285 3 e . 76 T R 2R 3t i Ik
QbR R S AR T T AR TS 3Rt S K
o S S TR R A, A% i A 95 A 2L A S 2 A U5 Sk A
I FRIA B S T AR A R, 7E R
WK ZE 05 X8, T % 3 R FE 0 i /K B /K it A T 00
R[] IR ket A 8 W 8 A B R T e A7 fap AT e
PRI B1= W i £ 1 ey 1 o 6 TR R SR
SYFIFHTITE B RE ST, SCER S R T K R kbR
3.2 RERERTREREE
3.2.1 AAAEH®E

TEIAR T4 SRR i KRS T 7
PG 7K IR A2 1 T 7K 2R 3t i Ik HE SR 52 AT ) 2 B
TG YRR, B IIATIE W TK SRR E TR R, T E KR
LI ZK SR s PR E AT A AR, TR SE
HAEAR UG PSS A B Al A T K HE =
UK IR T W K E T, LA
TR Ak Vit Y %o Y] T T TR K BT AR SR, 5 R R TS K

Qb BT R AT BRI 5 7 B R e R b A%
TF, SRS R W E A BT 2R
2, SZ PN 9 5 b AL I 136 5P e b [X
BT XV O T G B AT R A R 5 T e >
20% , T 55140 40% , Hiitk , A SCRE K& T
T5 YL B ar 43 BN 10% \20% BB 2E , i 2%
T 25 HI 10% .20% \30% 40%4 FLAEl T %

S S I AR DT T B B K PR A ARk
5PN, A S G Y HE RS A DR B W
T NH,-N J57 i i BE R SRR, a0 o) 2 /K PR 45 25 o
FHREERT: . HR S0 T 25 A% DB 1 7K 0 A 22, > 11 s
FIRF 30%0F, R Wi NH,-N 06 {1 J5 B2 3 i ml 3
JE T ZRIKARE s M A5 B Rl /K PR B 25 i fe 1K, )
TR IR 209% AT Ry B (B, % ol A It o 3 7 TP R 4
AT 0T T T 7K o e SR B i 2, PTA AIORR B ) 4
R BETR TS K  FRAR ARG Yl £ fif | s G 25 A% W 1T
15 YLy e S s 1) 2R i 5 I AE R 25 T, %31
SRR IR T IOR A BR, B 15 e 0 fnf B 38
R AR 75 Y 67 i BN LA S K IR 28 ik
3.2.2 AEXAKELE

AR SCHIF ST IX AT K i R BRI T KR, A
AT K AN K T Y5 7K b B H 7K b 7K 6 4% kb K
12 o READLAE 5 3l T G A7 Aof AN HIDR 0 45 14, 439l HE
T[T FPE BRI Ui B SRR K, R OK B2 B OE AR
AR SR AT K i AR RN RN R R
10 J3 .15 J7 .20 J7 v/d % 3 R &, 4T % Wi i 7K
Fr I Bk i Zs it A, il s T i A S A
IR, A% W 1 K B R K BR A 2 B L L 36 6., Bl
FHITEANKE B AN, KRR AT H
RIS P YR S T AN, TR KW A
T, AL K B AR A 2%, NH,-N WA i vk JE 3
Tk F] M 2K bR

e TR AN K R X E R B A TR] A AT R
K Tt 0T 25 A% W T 7K T A R R AN, kb
AR, B R i B R Ui B s A TR T T A
IR ZR R TR B W3 Jiang 2519 BT K
IG5 WP W /N A S AN K AR S R AR

RS5 ARMARBHRIEREZEHEARIKRERE

Table 5 Water quality and environmental capacity at assessment cross-section after pump station interception

reconstruction under different rainfall patterns

2 MW % NHy-N R BT/ (mg/L) TG R0 T/ kg IKRIRGEA A kg RIARIRIFBEA L/ kg
10 1.145 259.79 782.51 522.72
_ 20 1.038 231.54 782.51 550.97
i 30 0.931 203.30 782.51 579.21
40 0. 802 175.05 782.51 607. 45
: 10 0.937 1562. 05 1097. 32 -464.73
K 20 0.848 1390. 00 1097.32 -292.68
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Table 6 Water quality and water environmental capacity at assessment cross-sections after water

replenishment in middle and lower reaches

Wi R #hoKEE/ (O v/d) NH;-N W fE 5t b 78 B2/ (meg/ 1) g Mf/kg KB AR kg RIARKHRE SR ke
10 1.243 288.03 859.19 571.16
T 15 1.222 288. 03 936. 93 648. 90
N 20 1.205 288. 03 1005. 27 717.24
il
10 1.031 1734.09 1441.32 -292.77
PN} 15 1.022 1734.09 1582.93 -151. 16
20 1.015 1734.09 1695.67 -38.42
10 1.243 288.03 857.50 569. 47
T 15 1.236 288.03 921.77 633.74
T 20 1.219 288.03 974.26 686. 23
10 1.031 1734.09 1399. 92 -334.17
PN 15 1.024 1734.09 1528.33 -205.76
20 1.019 1734.09 1656.73 -77.36

A AN AE ARG A S 7K A S5 L A TRD B, 75 e kb 7k
RSB XA T 7K B A 5 i, AR S5 K AR B T R K KO
SV 257K, PRI 25 A% B 1 7K ot A3t A5 R A B, A g
PEFH A G, T I A B A DK R T S K
ARRT S5 T AP TC 6 1 ¥ e £ fap FK PR 25 1 1Y
BRI MR R 15 2 0 Ay 11 80 R AR 2SR K R it AR 45
G, DASELA T AT B A% BT T NH,-N 06 {1 J57 £ Vi 2
KR KSR kbR
3.2.3 WAHF%E

a. TR, BEXT R ST AL R K PR B AR
TTC L AH A T NH,-N 06 o 4R B AT R s Y
MG BT O TS YLt far By 58, 1 T G 1A A )
WETE A B C RIS EIANF 3BT 58, [ 25 1845
T 5 T TR B 5 K B, LA R oK R
THHEZ T AR (3% 3 PR 2R 3 )8 35 ith /K 28 A L e T
) o TSR T A SR T G 6 far MR A T X
P UL 7, AT UL, 76 5 Gy 6 ey ) 8 A 3 A9 1 Ol
T T HIUR A LB A 35 Y s, iR T R
C F3f 5 Y B0 A 3, T 3 7K 0 A0S R o ok B 3
B C ZEbHT b E A K B FE AR K 3 R R, 7
I 275K A B S H AR HI I8 AH N I 2 s
TP 5, X518 5 AE MO A5 B X 2 3ok IX
T CHE K R G AW 77 25 R — 2, B4y X E R
[vi) 1) e AR V5 e 0 Aoy, A% e i =R A AR

R BTk ROCR . TR 5 A% BT T NH,-N U6 (B o7
W 5 R K B EE 25 1A g BR B AU 25 48 s 14 [R] B
N RAT R REAE , Pr i 52 o HEK 5 IR & i i 1
EM .

b. KR, EFXF SRR 4% 14 T 38 7 43 K SR B 25
AR A% T TR NH,-N 6 E 5 T v B8 s A1 i)
R, 25 TR AR T 45 2 3l 15 e 67 g 11 840 A1 245
B Tl AE SRR, 3B BTN 45 4 T 15 Y o
HD8 5 AR S AN K I 2 G R4 5 5, IR 2% JE A% T
T R S K A BT LA B R K
JICAR G e i A T AR AR i K R R B T K T
BRWHE AR IALR G IR K B B KN
BATHEA B RN 2 T AN IR IS Y A7 o 1) s
SAESMKAE T ZEE R ILE 8, ol WL, AN
J7 % F NH,-N g A it & W B A T 0.840~
0.928 mg/L, it /& I 27K s o 5 Tl A 7K PR 458 45 1ty
20. 88 ~305. 67 kg, INAFIGREEK . BEE KA
TS G I ECR AR K B B4, 5 AT NH -
N U JoT o ViR 32 i =2 AR, T80 % 7K A 35 25 o A i 2
T ARR E it 1 BB AT AR B K AR AL B =2
T, KA T IR FE C 235 75 Y 57 faf 1) Uk )
RETT LUAAR 2 AZ T T NH,-N U {7 5 F vk J38, {H 2l
AR ORI A N, 5 R KR R 2 =
REARMEE, H#WR 5817 A KIE F A, &

R7T PREHTERETEAFTHBAS AR

Table 7 Comparison for combined pollution load reduction schemes of each pump station under moderate rainfall

EIwES NH;-N BRI/ (mg/L)  FAOKIREAR R kg #KIEKE/m®  BITHA/JT 0
A B F %I 20% . C 5 EIK 30% 0.988 560. 46 10212 0.030
A B R EH1 209% . C 5 il 40% 0. 824 569. 96 12972 0.039
A B i & H 30% . C FEu5 8 40% 0.812 588.71 13938 0. 040
A B i & Hl 30% . C 3% 20% 1.038 569. 72 8418 0.021
A B ZEI5 &5 40% C FEuEHI 209% 0.978 588.47 9384 0.022
A B FIE IR 40% . C ZEREHIIK 30% 0.922 597. 96 12144 0.032
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Table 8 Comparison of combined schemes of pollution load reduction and ecological water replenishment under heavy rain

o NH,-N WA i %'Jé%ﬁ%iﬁ LY RG] g&ﬂ% igﬁﬁg qu,fi

W/ (mg/L) it/ kg Kid/m® A/ A/ AT
HAKEE 10%+4b7K 15 T7 v/d 0.928 20. 88 35952 3595.2 0.019 1.5
HARHIIE 10%+%hK 20 J7 v/d 0.925 133.62 35952 3595.2 0.019 2.0
HARHIIE 20%+%h7K 10 J7 v/d 0. 848 51.32 71904 7190. 4 0.038 1.0
AR 209%+%hK 15 J7 v/d 0.842 192.93 71904 7190. 4 0.038 1.5
HAKEIE 20% +4b7K 20 T7 v/d 0. 840 305. 67 71904 7190. 4 0.038 2.0
A B FHEA I 10% . C FE3b HIIE 20%+ 4K 15 J7 vd 0. 898 76.90 63012 6301.2 0.036 1.5
A B ZIEEHIE 10% . C ZZ3E HI8 20% +4MK 20 J7 v/d 0.892 189. 64 63012 6301.2 0.036 2.0
A B R HIK 20% . C FE S5 HIE 10%+4bK 15 J5 v/d 0. 920 136.91 44 844 4484.4 0.022 1.5
A B ZEUE A B 20% C ZEIEHI 10% +4#h7K 20 J7 1/d 0.918 249. 65 44 844 4484.4 0.022 2.0

MAE T EwRAG Gk, B TH RS 4
TR AR T VA, 75 SE B TE /K A 58 H AR s Ar
R TS 2 1R 086 0 35 T 3 B R AR | MR TR 7K 2 i HE 0S5
S REFALI RS T
3.3 ZEEARTFM

TR — R A T00, R B 255 VA
A IR 25 A2 PR U5 25 A P E I FR bk &R
YT TOHEA T el BB AR A, o IR AL
FEFEAR LT I NH,-N W SRR | P RR R Ak
I i W NH,-N WA 5 B R B R MR 4x 7k
WA, BBt AR AR G AR B AT AR |
KA, G5B AR TR A TRAR R, 25 5 57
Wk 0.0954,0.0866.0.0955,0.1537,0.4748 .
0.0366.0.0574, L HEILEE 92 NPl E K
WS4 00, 23R LRG3 4010 10 /9 T8
9 PR,

25 b AEPREE AL RS 8 Am K RN ) R K A 4 o
R 5 L, R B AR a5 48 A P R AR AN R
ik 0.474 8 SRR KW 444 T Yk i 15 e
TR, F B AR IR 28 W sh B K, B 5 A
i LTS 7K (R R R B R I 5 AR b K R
A, LA AR e Tk TP
BTG YA faf HIK 40% , K IR AR IR 109 K i
K 20 7 vd, 9 ATLAE W R A0 R R

*9

AT RESR R i Y GO DR A, I O ST 7 A T T Y
C ZR i Bt 5 O A PR T /K 4R T 2
HEBE AR R, 15 Y GG I DR A T 4 L 7 10%, 7T il
T AR P e A S AR B TH K R 2 4 LS
P T ge il H s

PRI, AR DAt 48 2R R 2R3l T {3 o A ¥ O
175 YA I AR T BR824 45 15 BEAR YA BLSCAR ,
R P 78 1o 5% 252 3 i 9 175 M 70 1 DBl 02
U T L 7K SR B G 5 R P 24 92 4 95 e 97 Ay
HIWBR , S A A A KR ASR TH K IR 28 0, 5543
ERE X ke A RS RC PIEER i DA S
R SR TRT T =5 % W T 7K J5T 45 ) A 7K B 5 7 ) 2D 3k
bio SEBRIZATHY, DAREERR A A B3 T G 4 ol 1 i
IO 9 SE RS & o FEmT o) i 7k
A% 7 AT A e T I s S92 P S5 A5 5 A o v i o
IR S I K 7 B K A S S R W D B A [
TR Je PG 7 a5 Wt 52 0 R s L 7 e 0 o
Nl
4 & it

a. T IS T ) 3 U TS A S OK R B A AT
TE BRIt 2 0 A 22 5, BB 038 HORE 33
TR BRI 5 ek B A WL 1 TR K (H 52 25 A% T 5
TR R AR ZOB TARE KR AR R E S

ZAARBARSIN

Table 9 Working condition with highest comprehensive score

rh R it PG LERARSY
HRHIR 40% HARHB 10%+ Wbk 15 7 vd 0. 608
A B ZEuEi# M 30% . C ZE 3 I8 40% HRHIIE 10% -+ iFRbK 20 7 vd 0.598
HERH I 40% BARHIIE 10%+iiERbK 15 7 vd 0.591
A B ZE R 20% | C 55 40% FARHIIE 10%+HiF#bK 20 7 vd 0.587
A B FEH 45 B0 30% C ZEEI 40% FARHIE 10%+TiEHbK 15 07 vd 0. 581
A B £ B 40% . C 55k E 9 30% FEAREIIE 10%+HFAbK 20 T7 v/d 0.578
HRHIR 40% A B b H0 20% . C ZE 5 HIK 10% +4hsK 20 77 1v/d 0.576
A B i W 20% . C ZE 3k 8 40% FEARHIR 10%+ kK 15 77 v/d 0.570
AR 30% FEARHIE 10%+HFERbK 20 77 v/d 0.568
A B ZEui I8 30% . C FE 3 I8, 40% A B R HIBK 20% ,C HITE 10%+4MK 20 T5 v/d 0. 565
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