550 WS TIESFIR % 14% % 12 20204 12 5

Eco-Environmental Chinese Journal of Vol. 14, No.12  Dec. 2020
Knowledge Web Environmental Engineering

@ http://www.cjee.ac.cn E-mail: cjee@rcees.ac.cn S (010) 62941074
BIRGE Ep . KSRGS
mlsE DOI  10.12030/).cjee.202001139 HESES X52 SCHRFRIRED A

SRy, 2SR, KOO, A5 IR I v Ml el DA U S YR A B HA i SR (], PREE TR A4, 2020, 14(12): 3435-
3446.

WU Minshan, LI Simin, ZHANG Wengqiang, et al. Pollution characteristics and control strategies of runoff in Tianjin Binhai
Lingang industrial park[J]. Chinese Journal of Environmental Engineering, 2020, 14(12): 3435-3446.

TR I 7 oMb el DX A5 SR AE B 4
R

F RN AL R AR, B4R R, SRS

LT b TR R F AR IR 5 IR EE TR 2% Be, HRHE 056038

2. E BRGSO, BRI E R E A LR, 63T 100085

3 R Hs B T R A PR R, Kt 300461

B RIR(1994—), 5, WiEarsRA . BFFE 5 m . Dol X P55 % . E-mail: 2034753398@qq.com
SEEEH : RS0 (1982—), B, 4, RIFFSR G, M. KIFBEIEHE . E-mail: wqzhang@rcees.ac.cn

W OE Pl b X R G G g ke O TR A B X 5 € H 0 K R B ) A A TR i I e K A 2 e A ok
B, NI H 2R ARSI S SV AT RS R BT S, LR R T DI s Tl [l X 1 A i
Pl X 2K B 1 S 37 R B R AR 0 A IS 42, il ok 22 Uk B R SR R 0 ST 24 B (EMCs) 4347 T Tl el IXOAS ]
W AR TG Y P & A (NH,-N), B (TN). 16 PEBE (SRP). M (TP). b & ik (COD). M ETFY (TSS) K
6 T s fi e B 4 JR AR (Cu). 5 (Pb). #F (Zn). % (Cr). % (Cd). B2 (ND) TSR, S5 R FR, REI s Tk X
RWI5YH COD, NH,-N, TN 7EJ= HZ K & hgeili, COD(EMCs=170.68 mg-L™). 4% (EMCs=14.49 mg-L™)
HT TN(EMCs=29.66 mg-L™") 1% 1t 43 Jill & #b 11 4% 3 W9 7K 1 EMCs & & 9 1.4, 3.33 Fl 1.64 15 5 M T 42 Uk 9 K
SRP(EMCs=1.87 mg-L™") 1 TSS(EMCs=163.18 mg-L™") 1 & 43 Jill |2 T 78 ¥t W /K (1) 2.26 £ F1 2.87 %, TP & &
(EMCs=1.43 mg-L™") 7 B & i W /K I AR oK P 8402 6 Mt E 4 B RRBRIEM T ER, SREE
WX AR, B Cry Zn, Cu3 FHOnE & EIEIGE Tk Fe K AR 575 4 R R LA B e i AR S IR B XU . DA
75 et By [ A% 00 56 R M(V) RN SERE 38 a5 G M0 B Bl R B (M) B DR 5E BE R B b XS
[l TR TS e A L R AT A BT SRR, BA L, BEUR R ET 20% fE Kk A BN B P IG
PR (Mippgao H Migrag 8 1 109%),  ELH BRI 46 wh i L 42 (<1.025) BIMEZR 24 75%, BT i )3 R 1 Hv i SRS
Yl 071 af 43 0 UK 8 T AR 5 YL S RS T 7 A B K ) o 25 5 TS Y R R AR AT T A, RSk R L BRI T R R
IR T 2 2 M0 2 Tl el XA TR Y5 % A A KR G

KHEIR BWAN; Tk X wbh il W

B e U5 e [0 L) 388 2 figk D VT 20 4l T A R ) ke, Tl el DX T 95 T G VA L H g A A R
RV VI DX A Sl A 252 A RO B ) 3 T i 2 A i B ) 2R R U AR . AR AL
A Tl bl DXCAEAE Hhy T A A S A T B 7 B S o 5 B BOIE PR M RE SR Bl A2 B . Tl dy A2 R HE
B R AR AT P RS i SRS 25 S SRR B BT ) A 2 2 S B0 Qe ) 7 R
Wi HER: 2020-01-20; RAHEA: 2020-04-09
EEWE: EZEAKEKSQEH 516 1 #H RRHE £ (20172X07107-004-001); [ 5 H R B34 % B H (21507146, U1501235)


mailto:2034753398@qq.com
mailto:2034753398@qq.com

3436 ok L OB ¥ M 4%

A, JEaE®, TR X 2R 5k TP, COD HIHE 4x J& 1Y 71 fif it 29 B TR A48 2 X Rl X )
3~6 1o

BRI, 5 R T A XA i 1A T X ek o0 A 5 LA A AL T AR T Wb 1o Y 10 Kk T
FEEE, Tl B X TG Y A )z A AR RS v A, ] 3 A A R VA UK R AR I e 22 YA JE 3
K, R R R R S8 T e B AR AR, T EBHAR T Tl B XY AT R £ kR R i K
WA A, W R EETH < Tl 2R A8 A4 ol A Tl DX 5 79 SE2 it A 3T A1 ok Tl 7= b 1) VA &
&, UK SRR P H 25 B, Tl R X S i H o, R R X AR S R
BilAl, ZERe Rl A A A, B0 SRR XA SIS S0 BT 55

SR, AREGE LA IR R I B DX s T Bl X 1 B Tl Bl X R A S, 3l e B 5 K X
FoK W LRI S IR, fE AT FL SR T Bl XA K TS YRR, R T B X AR RS YRl s
i BRI AR TS P IR AR AT, IR AR TS Y RS AR A DD S 8 a0 B B R R R AR O S R s k)
Jo i 71 far 5 48 A I 1 RS (A AR P R B 0 A R B S, RS Tl Bl XA A T Gl R A
DL A 1 ol e DX TR 7 e 4 i FIK PR B BT f 4 T, AR AR S Tolk b KR 5%
1 MB5ERE
1.1 AREXEHR

R T DX S Tl el DX 1 B A ol el A7 T R T U T X AR, A BT, AR
W, JCIE RV ;. ARG A IC AL AT, KRS ER, MW EBE 240, KEE/DH,
IZ Tl bl X1 B 1 AR 29 R 18.3 km?, 2% el IX A A R Ak Tl A i SR i, R R LA IR AL T
HEAL T WAL T o E R m RE AR I 22l R Y T R T R X 10 K Tl fel IX (i i3 . B
i, 3% DTl B 7K B 43 A 1 T K 32 2 i RIS KA 38 DL — 2 A HEhR S — b 3, BT
T2 7 RN 7K A Bl b 38 sl HE 7K S ) B T K B T 2 i 26 A PRI, 4R 0k I o g e AR A Tl B 0 25 A PR

R
Tl @24
QKR TR )
R a JRT-6
= iy
Wit 5t 0 50
S
Rl
|:| Wi 1 0.5 0 1 km
o REEM

B1 XREREHXEELVERX 1 AR~ ET AL RRE L REE
Fig. 1 Schematic diagram of land use types and sampling locations of Lingang industrial park phase 1 of
Tianjin Binhai new area
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Table 2 Analytical methods for water quality parameters
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Fig. 2 Distribution characteristics of monthly rainfall (from 1981 to 2010) and sampling time distribution of
Tanggu Station, Binhai New District, Tianjin
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Fig. 3 Mean concentrations of pollutants (EMCs) during 5 rainfall-runoff events in Lingang Industrial Park
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Table 3 Correlation analysis of monitoring pollutant indices in rainfall runoff

T H COD A TN TP SRP DCr DNi DCu DZn DCd DPb
COD 1

ZA o211 1

TN 0.272" 0.11 1

TP 0.345" 0.023 0.234" 1

SRP  0.260" 0.114 -0.012 0.063 1

DCr  —0.103 -0.271" -0.220" 0.1 0.019 1

DNi 0.457" 0.685™ 0.029 0.104 0.094 -0.187" 1

DCu 0433”7 0.569" 0.075 0.204" 0.134 -0.182 0.8317 1

DZn  0.398" 0.603™ 0.06 0299  0.1947 -0.105 0.755"  0.924™ 1

DCd  0.3747 0.815™ 0.013 0.103 0.109 -0.091 0.888"  0.770"  0.773" 1

DPb  0.408" 0.683" 0.009 0.194"  0.186  —0.048 0.836™ 0908 09297  0.902" 1

[E: *NP<0.01, AASCMERZE; *HP<0.05, MXMERE.
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Abstract  Controlling non-point source pollution in industrial parks is the key to solve the increasingly
prominent water environment problems in Tianjin Binhai New Area and to maintain the water ecological
security in the surrounding sea areas. In order to alleviate the increasingly prominent contradiction between the
deterioration of ecological environment and sustainable economic development in the region, five typical rainfall
runoffs during the flood season of Lingang Industrial Park Phase 1 construction in Tianjin Binhai New Area
were taken as the research object in this study. The average concentrations of multiple rainfall events (EMCs)
were used to analyze the pollution levels of Ammonia Nitrogen (NH;-N), Total Nitrogen (TN), Soluble Reactive
Phosphorus (SRP), Total Phosphorus (TP), Chemical Oxygen Demand (COD), Total Suspended Solids (TSS)
and six soluble heavy metals Cu, Pb, Zn, Cr, Cd, Ni in the runoff pollution of different underlying surfaces in the
industrial park. The results showed that COD, NH;-N and TN in runoff pollution in Tianjin Lingang Industrial
Park were more prominent in roof runoff rainwater, and the contents of COD (EMCs=170.68 mg-L™"), ammonia
nitrogen (EMCs=14.49 mg-L™") and TN (EMCs=29.66 mg-L ") were 1.4, 3.33 and 1.64 times of those in surface
runoff rainwater, respectively. The contents of SRP (EMCs=1.87 mg-L™") and TSS (EMCs=163.18 mg-L™") in
surface runoff rainwater were 2.26 and 2.87 times of those in roof runoff rainwater, respectively, and the TP
content (EMCs=1.43 mg-L™") was equivalent between roof runoff rainwater and surface runoff rainwater. The
pollution degree of six toxic heavy metals was relatively light, which was equivalent to the main urban area of
Tianjin. The prominent contents of Cr, Zn and Cu still had potential ecological and environmental risks in runoff
pollution in Lingang Industrial Park. Based on the M(}) curve of the relationship between runoff pollution
output load and runoff, the pollutant transport process of runoff on different underlying surfaces was
quantitatively analyzed through the pollutant first scour ratio (Myy,) and scour intensity coefficient b. The
results showed that, in general, the first 20% of accumulated runoff was more prone to the first scouring effect
(Moo 18 10% higher than Mppg,) than the first 30% of accumulated runoff, and the probability of the first
scouring phenomenon (b<1.025) was about 75%. Rainfall intensity and the accumulated pollution load on the
underlying surface had a great impact on the pollution transport curve of the secondary rainfall runoff.
Combined with the analysis of pollutant sources, source control, process cleaning and initial rainwater
interception will be effective strategies to alleviate runoff pollution in the current industrial park.

Keywords stormwater runoff; industrial parks; first flush; source apportionment





