b RFHMARFEM) £55% H2H 20194F3
Acta Scientiarum Naturalium Universitatis Pekinensis, Vol. 55, No. 2 (Mar. 2019)
doi: 10.13209/j.0479-8023.2018.097

R o 25 K 75 R AT 5
RFD RAem' mars' REARY

Lo Ab B R F WYL e A 5 S B8 IR = Be, TR 518055; 2. Lo R IR 5 TR % B,
b5 100871; 1 i@ {F1E#, E-mail: zhaozhijie@pku.edu.cn

WE G ERATOR . 5K B T8 . RIS R . SWMM AR SRS Y R HE R 4
i LAY, Ak SR VRN Y] v A el A S TR RN U I G B, AT U e S S e ) S A A AR R, A EIaTR
2518, 1) 2015 E BRIV i 34 45 AT 7 fif 2 COD 3.676 J7 t/a, %A.%.5715.65 t/a, TP 494.36 t/a, Hrp Sk
i COD 2.63 77 t/a, Z A 5496.9 t/a, TP 463.55 t/a, (4R LGB0 0 72%, 96%F194%, dE sy COD
8608 t/a, ZH. 99.8 t/a, TP 18 t/a. MZ(4—9 H )% it & i COD 1894.05 t, Z % 118.95t, TP 12.81t, 2) BRIl
I V25 i de B4 H AT £ S COD 116.5 t/d, %828 15.75 t/d, TP 1.412 t/d; SIS YIEPIRHES K, &I8H55 1068
Heds O ST IR HE & R, B S COD N 71.94t/d, B A K 15.06 t/d, TP Ry 1.27t/d, HZEr, k5K
) COD % HdR K (34.21%), FHkIE 7 I HE(28.73%) FIHETS 1(22.3%); 3) M Z=E 5 YRR I8 37 114 60 g Xef 7K 5 A
SO AR 2, JUHUR R OK, BT, H S B XK BT s (4 5 e A% L™ R, R B IE R K R AL
KR HA]

EKEiIE  RYETE R 15 YR, SWMM; JE SR
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Abstract By using pollution source survey data, sewage treatment plant data, sediment monitoring results and
SWMM, this study estimated the non-point source and overflow load of the basin. By analyzing the spatial and
temporal distribution of major pollutants, the following results were obtained. 1) The chemical oxygen demand
(COD), ammonia nitrogen (NH3-N) and total phosphorous (TP) loads in Shenzhen River basin in 2015 were 36760
t/a, 5715.65 t/a and 494.36 t/a, respectively. The COD, NH;-N and TP loads of the point source were 26300 t/a,
5496.9 t/a, and 463.55 t/a. The point source accounts for 72% of COD, 96% of NH3-N, and 94% of TP of the whole
year. The COD, NH;-N and TP loads of the non-point source were 8608 t/a, 99.8 t/a and 18 t/a. The COD, NH;3-N
and TP loads of the overflow in rainy season (April to September) were 1894.05 t, 118.95 t and 12.81 t. 2) The
COD, NH;-N and TP loads in Shenzhen Bay basin in 2015 were 116.5 t/d, 15.75 t/d and 1.412 t/d; the sewage
outlets and the leakage sewage to tributary were the largest proportion of all source during the dry season. The
COD, NH;-N and TP loads of the point source were 71.94 t/d, 15.06 t/d, and 1.27 t/d during the dry season. During
the rainy season, the non-point source COD accounted for the largest proportion (34.21%), followed by and the
leakage sewage to tributary and the sewage outlets, which were 28.73% and 22.3%. 3) Due to a large amount of
pollutant load were transported into the waterbody, the pollutant load from non-point source and overflow
considerably effected the water quality during the rainy season that could not be ignored, especially in the rainy
days, and it took a long time to return to normal water quality.

Key words Shenzhen Bay basin; water source apportionment of pollution; SWMM; non-point source pollution
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Fig. 1 Location of Shenzhen Bay basin
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Fig. 2 Destination of pollution source
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Table 1 Sewage outlets loads of Shenzhen River
ﬁi;ﬁ;ﬁ? 15K (m*-d™") coDAt-d ™) EA/t-d™") TP/t-d ™)
AR HHED 1296 0.29 0.05 5.82
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i FEAT 1 A T 38512 2.89 0.82 98.21
[F].C B A 1R 2219 0.68 0.11 13.23
Bt 76172 15.65 2.12 0.27
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Table 2 Sewage outlets loads of Shenzhen Bay

5KE/  cop/r &&E/ TP/

HoK DB FRGRII) Gimtdh (©d) @d") (©d)

15 LY HEELER 0.49 043 012 001
2 STV HEIE 0.04 028  0.01 0
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4 SLRARHEK O 0.30 0.04 0 0
11 SR = R R 0.27 0.11 0.2 0
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20 SRR R 2.72 0.65 0.3 001
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Table 3 Replenishment water loads of sewage treatment plants
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ST 5K A BT LB 2 2.5 0.42 0.05 0.01
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Table 4 Tail water loads of sewage treatment plants
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Table 5 Water yield and loads of the leakage sewage to tributary
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Table 6 Released rate of sediment pollution and the
increments of COD?®

Ui, Ri(g'm2d") Bk COD #ihn/(10%-d ")
<1 1.58 3.17
=1 10.0 22,0
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Table 7 Released rate of sediment pollution and the
increments of NH3;-N©@
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Fig. 3 Rate change of Shenzhen River (big tide)

@ [A] 321 HHIVE,

322



RIFAE RIS  K T5 G YR AT BIF 5T

* 8 RIVBIRE 9 FERERT
Table 8 Start rate of sediment Table 9 Non-point source pollution loads
K% /m Ud/(m's ") K% /m Ud/(m's ") itk 5 st ] B CoD/(t-d ") FAR(td ") TP/(t-d ")

1.0 0.16 3.0 0.20 YT RR 2 15.26 0.17 0.03
1.5 0.18 4.0 0.21 TRYIT VS T 2 34.21 0.40 0.07
2.0 0.19 5.0 0.22 GRYINTZE T H 48.62 0.55 0.10

TRYINAT VS 5T H 116.31 1.35 0.25

B 9 FT A, DRI, s r 2=y SR H
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Fig. 4 The divided sub-catchment of Shenzhen Bay basin
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Fig. 6 Schematic of overflow model
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Ko 73 A TE RS FHR AL F1HE AR 5 e B R A
o A, HER I T, — g A 3R O K EHE
Jit; 773 B R R A Tk R, T Ok
FHAS TR HE K i B 1) 28 T 2047 0T B 2000, 36 39 0
i 00 R KR RS R, 3 AT A A T LA A
KA H AR . ARG R A FIB WA 7 2 3 i
TR

T AU AR HE R S T AR R R, R
P AHE 22 5 Tk O B30T 38 119 75 K B RS Y B g, AT
T 2 T 25 ik 15 G 71 At X Y] T 7K S5 1) 5 )

i VG PR UE s BF 2015 AR S5 4R 1L AT (A 7 9T S
)T 1 K PRS2 Bz A7 3 R 5 40 R I A AR X L
BEAL PR I 45 UK, T SEPRIT R 38 K. Hirt g 321K
T ) 2o A X 7 () AR P A R e A Yk O, T DR R 2 s [
5 B0 U U o AR RS R R M 0.7857 0 FF i
FE S REMARTR A FASE, A2 N H R PR ™ &,
AR SE X N o VAT 5, 28 2R 1L Jalye] 11 7K ]
TF ) 45 252 1sf (1] 5 B0 I R 2 i () S AR W) 5

B A Y5 Y G faf £ 98 3E: LA COD M i, 35 3iF
TR 30075 G 7 f o AR % 2015 AR BRIINRT ] 11 7%
i S 9000 48 B0 A 0 R S K TR, R A S
i fafd fE, 2015 AEGEYITA] DAL L2 A ¥ Y2 1
i g 5 S G Y f fer 8 2R A R R 0.783, A AR
1 COD i i 552 COD & i (iR 2 u Bl &/, =
WA D Sh K .

2) Vi ABANEE R .

T AT TR HE R G IR I T A A3 BT A A B
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A, AT LAV HE R A A R AT IR, TR A AT
AR HE 22 45 W0 2 36k 3t 57 A X YAl K B R ), TR R
Zo Y] T Y5 e 6] B9 2 B UR, 8 TR 5 15 4
e SR R0 7R, 3R 10 80 1 SWMM #HE
A G5 % A, URYIIAT T A B 2 (4—9 A
i COD iy 1894.05 t, 24 A4 118.95t, TPl 12.81 t.
TRIITAT 3t 38 RN 2 (4—9 )i it COD Ry 1434.72 t, ‘&
AN 113.46t, TP Jy 10.98 ¢,

3 #RITiE
31 BEATaAREEREITLE
3.1.1 RYGARE

TR I 32k 4= 4F 550 COD A 2.04 J5 t/a, & A
J 4307 t/a, TP N 357.7 t/a; 4= 4F9F & I COD &
3701.44 t/a, % A N 4191 t/a, TP N 7.92 t/a, W ZE
(4—9 H)HdE S COD Hy 2792.58 t, 4 & N 31.11 t,
TP 77 5.49t; FNZ=(4—9 H )i i COD A 1434.72 t,
SR N 113.46t, TP 4 10.98t, DI B4 4E A
ik COD S 2.55 J7 t/a, %88 K 4462.37 t/a, TP
}1376.6t/a,

R 11 Fr7R, MERIINAT R B H AT e i
M BE, BREYERET, WHEG K EIEHS 0 A

F 10 RYGTEREBERATER
Table 10  Overflow loads of Shenzhen Bay basin

e s ASTing 12 CoD/(t-d ") RAN-dY) TP/(t-d ")
YN 2= 7.84 0.62 0.06
DYV Y 2 10.35 0.65 0.07
TRYINAT 2R H 2473 1.97 0.19
TRYIYE 27 H 32.49 2.09 0.21




TR 5 i d8 ok 75 e Ui A 0F 50

KI5 A

F 11 RYLAFIE T RIE
Table 11  Source pollution of Shenzhen River basin
S cob AA TP
AT E/(td ") i /% HFFR/(td ") i /% FR/(td ") i Eb/%
RYIHES 1 15.65 19.83 2.12 19.83 0.27 19.83
SR HEG K 20.54 26.03 4.14 32.88 0.36 33.64
15 KAE B R K 3.62 4.59 0.21 1.67 0.09 8.41
15K K 9.48 12.01 1.28 10.17 0.26 2430
IR 6.52 8.26 4.05 32.17 — —
EIF=v/ 15.26 19.34 0.17 1.35 0.03 2.80
I 7.84 9.94 0.62 4.92 0.06 5.61
Mt 78.91 100 12.59 100 1.07 100

YRR & ek, SRR COD b 55.81t/d, ZA
A 11.8t/d, TP A 0.98t/d; WIZ={5 Ui, F & IH A
R & IR A 2 COD N 29%, A M 6%, TP
H 8% MASTeIR KA, AIFTE YL IR 5Tk LB A [,
AR, BRIRHES KON, S5 KR IR R B
Bt TP R UL, BRIHEIG KAL, I IORIERZRTG KT R/
K FIERT L, T R 2 AN [ S YL 5 KA ]
YedBhR, A REA WOt R R R I K R
3.1.2 SRYIGAE RN

PRI 5 970 48k 4= 4F 45U COD A 2.63 T t/a, 4
AN 5496.9 t/a, TP 4 463.55 t/a; A4 IR R A
U8 457 COD 4 8608 t/a, % & A 99.8 t/a, TP A 18
t/a., TRDIATVE 7 48k 2= (4—9 H) COD iy 6261.0 t,
A KNT25t TP R 132t FHZM@A—9 ) H
COD 4 1894.05t, %% M 118.95t, TP N 12.81t, I#
IR P25 7 38 4 4 AR 47 faf 5t COD 2K 3.676 J7 t/a, 2
AN 5715.65 t/a, TP 2N 494.36 t/a,,

W 12 FrzR, MRS J s B i AT i e
o bR, 2R RERAEG KT, &5
J& HETS RS T HE R o R, SR COD

71.94 t/d, A N 15.06 t/d, TP Jy1.27 t/d. FHiZ=, dk
SRR COD /i bt K, o 34.21%, HR & il
HERHETS 11, A 28.73% 1 22.3%; st A&, bR
T HETS KA, o LR R SRR TS Y, 5t TP R U,
FrimHETG K Ah, 7 He e R R T5 KT R ARK
3.2 EREMBERAGTON

TEIINTT R F= 3, 24FEWRE P 7E4—10 A,
YUk [ i i AR, — UK 5 RS R I A 50U T G R s
I B ey L A IS A s Y YR R AR B e i, A
Skt A o) W 2R A s YR R i 9 75 Y LA R 2 W At K
N IRHEZ G0 15 B Tk X AR 5 s o A 2

JE IR A R LR 9, TRIINAIE 3 I 2015 4F
AAEAE SR COD G 17 fif 52 8608 t, RIS it
85 57%, I s 43%; 2 A S R N
99.8t, H ARG B & 58%, TR Hikk 5 42%;
TPy 18.0 t, H A IRIINVE I B 7 56%, PRI Jit 3ok
07 44%. 3 SR TS YA 7 19 23 (8] 3 A 5 i BT Y
T AE A G o R, SJE AR TS e 57 A 14 40 A - A
FHZEAL SN RIS OC . Rk A b e sy, 5
e i Wi TG Y Aoy SRR R T Ak T LR A A

F 12 RYGATRIBITLIE
Table 12 Source pollution of Shenzhen Bay basin
- COD A TP
FfirE/(td ") i /% FfrE/(td ") i /% Ftri/(td ") i tk/%
YIS HES 1 223 19.14 3.69 23.43 0.4 28.33
it HEG K 28.73 24.66 5.72 36.32 0.49 34.70
V5K ALBR T K 491 421 0.32 2.03 0.12 8.50
V5K ALBE T Rk 9.48 8.14 1.28 8.13 0.26 18.41
GRIINAT R 6.52 5.60 4.05 25.71 — —
|3y 34.21 29.36 0.04 0.25 0.072 5.10
birRiih 10.35 8.88 0.65 4.13 0.07 4.96
Bt 116.5 100 15.75 100 1.412 100
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T 2l ST Y A7y oo K, AT K AR 32
AE AR5 Y 67 o AR

YR W O 45 AN 10 FF R . 2015 A 196 4
FEFN H, WK RAGE R ER L ST H, WEN
29.1%. W ZEHE 2R G0 0 368 5 BUCHE 2R 45 T A 4k
AR IEASE R o sl B A, B o e A
RGN B I AR TR, RHE 2R G T AU
K, i PR R It B AR TR, ACHE 2R Bl U
PR FG E SEHER GRS, BHERSER
SHR, T 2R 6 A HE TR V5 K RE B, 3R X
Bk /N

RN 5 3 ) A 8 5 8 7 7K A4 Ak B R
Ge, FESZHARUR . BN K T AR
UiF VDV T iR AR S A St VR RS, TR R
BHER G R B R AEAEIX 6 530U, A B ARA
Al IR R, T DUR S AU TS AU, LR AR TR
BB K VR, 1A PR I R o T HE
15 7K 0 ARG 3 R
3.3 KiRAT

TEYI] 30 (2 W7 210307 11 B )T B3 RS U8 i ok
RN IR B (B W 2 A AT )] R o
IR IEATR E, DA Te w2 2 2R, olob il 5
TR S HEA T Ul TT Be (A VAT 1 2R 0K ) DA AR
Sy, s e B R — e R AR A ;R
T 0T Bt (R 3 22 R IAT 1) R AR b F 3 28 AR 25,
BARA IR RIS, (AR RS U8 R BE (9 38 4R A2 LA
il

HR A 15 Y YR AT 45 9%, R e X 7K 5t 19 2 SR B ik
REFK, FIK 20%~30%, %45 XK 5 ok 2 K 4k
THRAARTE L.
34 SROATENERE

TR (4 7K 5T B AR 3 28k 38 3 A B AN 5L Al il
FK V BARE PR . RIS KT H AR U2
TEK AN =20 K bR . LUK BT H A SR A% 34 R I 3]
G RE A AN BB K B o i

TRYINT ARSI R A6 5 2, B
EFDC BRI TR 6] B 7 58, 1840 Bl s K
Jii, e 2l AR UK Tk B BR (15 YRR, AR AR
PUT5 A SRS et fif, AR BB L,
341 BIAMBERERE

TRYINTR BB 6% 25 98 1Y) e K H 67 oy 1 (R A B 45 i)
FT5 YLy B bR ot WL 2% 13

RN B 75 44 P COD 2 78.92 t/d, & AN
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x13 RIARERE
Table 13 Environment capacity of Shenzhen River

VoY AT R/ (td )

KEEEAR R RR -
COD A TN TP
A <8 mg/L — 11.61 — —
AEARE DO>2 mg/L 22.88 3.93 — —
Zih 22.88 3.93 — —
COD<40 mg/L  67.63 — — —
H A <2 mg/L — 1.89 — —
DO>2 mg/L 22.88 3.93 — —
Vv 2K
TN<2 mg/L — — 1.91 —
TP<0.4 mg/L — — — 0.291
Zih 22.88 1.89 1.91 0.291

VLWL AT bRk A CmRTT SR ARREIR TR ) o

12.60 t/d, TP 4 1.07 t/d, b, B2 COD H
55.81t/d, @A K~ 11.8t/d, TP }0.98 t/d, A
ANV IIKARE T IR &, 45 H w2
f) B s K, IR T 38 60%~80%, A gk B AH
N K 8T H A o

342 RN ESERE

FERIIE () RS 25 S PPAh 7 1T, %22 e Y
MGG LR = 2K L, RIS RRAE 45 9h 1
fe oK H o 15 G vk B o RN R IS A BE 75 1
AL SE AN 14 BT .

RIS ikl COD 2l 101.42 t/d, AN 15.94
t/d, TP Ry 1.37 t/d; YIS 78 bk 52 2= 45 COD Ay
71.94t/d, A N 15.06 t/d, TP K 1.27 t/d; UK
V7K RN = UG K bR vfE T AR A5 0, 4% 75 28 I
A s SRR, IR I8 15%~95%, A figik 24
N A 7K 8T H A o

F14 FUBHBERE
Table 14 environment capacity of Shenzhen Bay
B i B TR )
K A bR X Er=t an
COD N TP
COD<5mg/L 74.65 — —
" TN<0.045 mg/L — 0.855 —
Uik
TP<0.5 mg/L — — 0.072
LR 74.65 0.855 0.072
COD<4 mg/L 53.21 — —
o TN<0.03 mg/L — 0.684 —
TP<0.4 mg/L — — 0.048
e 53.21 0.684 0.048




RIFAE RIS  K T5 G YR AT BIF 5T

4 ZFHieH5EIL
4.1 FYE T RIEBHTE L

1) ) 56 b 9 25 L /K SCOK BT M 0 s A% 5
T Yl 5 A A R AT ALY Ty i, T AR b
R RN 25 AT G iR HE R i . Xl 7K A5
) BT MR AT 2% 52 2 (10 5 Y Y5 R URRAIE o

2) VRYIAT 25 37 B A AT A5 G R R O 4
4F 5 COD 4 2.63 7 t/a, @A N 5496.9 t/a, TP K
463.55 t/a; AAF TR R SR 67 457 COD 4y 8608 t,
HAAEHN99.8t, TP M 18t WZ(4—9 H)%iifi A COD
J71894.05t, %A K 118.95t, TP A 12.81t, HII
T 4 4E AT £ fif i COD N 3.676 1 t/a, B AN
5715.65 t/a, TP}y 494.36 t/a, Hi s 5 44 He ],
COD K 72%, AN 96%, TP N 94%.

3) YNNI 25 37 48k R 2 (4—9 H)AE R AY COD
1 6261.0t, AN T72.5t, TP K 13.2t, AR
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