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Pollution Load and the First Flush Effect of Phosphorus in Urban Runoff of

Wenzhou City
ZHOU Dong, CHEN Zhen-lou, BI Chun-juan

(Key Laboratory of Geographic Information Science of the Ministry of Education, School of Resources and Environmental Science, East
China Normal University, Shanghai 200062, China)

Abstract: Five typical rainfalls were monitored in two different research areas of Wenzhou municipality. The pH and concentrations of
total phosphorus (TP) , dissolved phosphorus ( DP) , particulate phosphorus (PP) , total inorganic carbon (TIC) , total organic carbon
(TOC) , total suspended substances (TSS), BOD, and COD in six different kinds of urban runoff were measured. The results showed
that, the concentrations of TP, DP and PP in different kinds of urban runoff of Wenzhou ranged from 0. 01 to 4.32 mg-L™", ND to
0. 88 mg-L~"

proportion of DP in most of the runoff samples would show a rising trend, especially in roof and outlet runoff. Judged by the event mean

and ND to 4.31 mg-L™" | respectively. In the early stages of runoff process PP was dominated, while in the later, the

concentration (EMC) of TP and DP in these five rainfalls, some kinds of urban runoff could cause environmental pressure to the next
level receiving water bodies. Meanwhile, the differences among the TP and DP content ( maximum, minimum and mean content) in
various urban runoffs were significant, and so were the differences among various rainfall events. According to the M (V) curve, the
first flush effect of TP in most kinds of urban runoff was common; while the first flush effect of DP was more difficult to occur comparing
with TP. Not only the underlying surface types but also many physico-chemical properties of runoff could affect the concentration of TP
in urban runoff. All the results also suggested that different best management plans (BMPs) should be selected for various urban runoff
types for the treatment of phosphorus pollution, and reducing the concentration of TSS is considered as one of the effective ways to
decrease the pollution load of phosphorus in urban runoff.

Key words : phosphorus; runoff; EMC; first flush; Wenzhou City
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Fig. 2 Average concentration of different forms of P in different urban runoffs of Wenzhou
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R, BB EAR HC R 15 7K b T M 7 A R AR
{H I — HL R FR O 15 2 77 U A5 1, I8 4 B b AR Ui
HOTP (75 Y R e AT R RS AR R Pk
PRI, BAh  AHFSE 55 # a0 Rl IX
e TR A I v W8 7 e 5 () O3 AT BT 5 45 R — 2
R AR Y 28 38 T ME R G R TP Y
EMC 2 55 W i o5, T s RG IXC 09 J2 TOUA8 19 10 48
N RG-SR T LR 9 X s e AR G b TP Y
PRI H R AW R TP & B A 24 (0.41 ~0.83
mg- L") PN 2 AREEX L E R T TP A
fIRTF Lee 5512 W0 iy 485 1 30 717 42 222 X 5 Il IX o
WART A TP & # (0.1 ~22.4 mg-L™").

x1 EMBXERETHRERRS TP, DP ) EMC &" /mg-L~!
Table I  EMC of TP and DP in different urban runoffs of Wenzhou/mg-L !

- 2010-08-18 2010-08-30 2010-09-01 2010-09-26 2010-09-28
TP DP TP DP TP DP TP DP TP DP
SXJ 0.21 0.03 0.72 0.03 0. 20 0.03 0.57 0.02 1.28 0.02
SXT 0.09 0. 04 0.65 0.05 0.28 0.03 0.18 0.08 0. 81 0.02
SXL 0.21 0.16 ND ND 0.28 0. 05 0.58 0.19 0.31 0.05
SXW 0.05 0. 04 0.09 0.02 0. 04 0.01 0. 04 0. 00 1.06 0.02
SXO ND ND 0.21 0.01 0.13 0.01 0.18 0.02 0.23 0.00
JsJ 0. 65 0.27 0.68 0. 04 0.18 0.03 2.50 0.07 2.19 0.01
JST 0.48 0. 09 0. 46 0.17 0. 46 0.05 ND ND 0.63 0.03
JSL ND ND 1.23 0.16 0.15 0.03 ND ND 1.96 0.02
Jsw 0.08 0. 01 0. 04 0.02 0. 02 0.01 ND ND 0.03 0.00
JSO 0.92 0. 48 0. 60 0.18 0.44 0.15 0.27 0.16 0. 69 0.16
Jsc ND ND ND ND 0. 64 0.17 ND ND ND ND
KV bR 0.4 — 0.4 — 0.4 — 0.4 — 0.4 —

1) ND SR B AU 2% T 3 AR ARG,

5 TP AL, & FHEZF T DP ) EMC {1
AR, £ A2 % b DP By EMC {5 7E 0 ~ 0. 48
mg- L~ Z A4k, {047 2010-08-18 F&FT 354 JSO
WP DP E it T MoK V 28R UE ) B, 1X
F B S W A0 B W A O, — e R AR R AR
MR Z 1) DP AFAE. BLAh, AR T #3342 3 2 [7]
DP ) EMC {2255t A 40 TP B g, HJ& JSC Al JSO
R R DP B EMC {EAR XS 55 & , T 6E -5 it AR A0 4451 13
AR KA R Sl T A O, B 2 X v
DP EMC R A9 52 i AN 52 BH 5, D5 B OAS ] 1 8 i 42

—" IR IRIEAT AL R (L

i DP f s AR
2.3 B AN [RIIE A B 0T R SO BT

TSRS U T A R AR TR A TR
SR AR R 315 G AT, IR 2 AR R R S
B RN (first flush effect, FFS) |, Hof B 2
PR — 5 e i SRR TR R 0 B
HER TR T R R S S e R
AT A3 w250 o A i e AR BT R B S
W CECEE, BHOCT FFS MIFMIr kWil £,
Hrp ) Geiger:m EXH M(V) BRIE R NE
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Fig. 3 M (V) curve of TP content in different urban runoffs of Wenzhou
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Fig. 5 Box chart of TP content in different runoffs of Wenzhou

x2 BMNARTEEZRF TP DP SEARTHESTER
Table 2 One-way ANOVA analysis of concentrations of TP and DP of different urban runoff types of Wenzhou

+

TR WK R BEA I _ RETTRARER
2010-08-18 SXJ., SXT, SXL, SXW 57 F=25.715, P<0.01 F=16.907, P<0.01
2010-08-30 SXJ, SXT, SXL, SXW . SXO 58 F=6.011, P<0.01 F=8.887, P<0.01

T} 2010-09-01 SXJ, SXT, SXL, SXW . SXO 75 F=2.620, P<0.05 F=10.668, P<0.05
2010-09-26 SXJ., SXT, SXL, SXW . SXO 81 F=34.180, P<0.01 F=17.899, P<0.01
2010-09-28 SXJ, SXT, SXL, SXW . SXO 55 F=16.016, P<0.01 F=6.991, P<0.01
2010-08-18 JSJ. JST . JSW . JSO 57 F=12.792, P<0.01 F=27.369, P<0.01
2010-08-30 JSJ., JST, JSL. JSW . JSO 66 F=6.211, P<0.01 F=14.445, P<0.01

Juthi 2010-09-01 JSI. JST. JSL. JSW . JSC. JSO 87 F=4.732, P<0.01 F=11.263, P<0.01
2010-09-26 JSJ. JSO 19 F=96.524, P<0.01 F=10.313, P<0.05
2010-09-28 JSJ. JST., JSL. JSW . JSO 67 F=30.057, P<0.01 F=18.129, P<0.01

2.4.2 ST A AR R B AL 8 B LB A R A O
REMFFE R, R0 PRI & 2 5 H AR L
BhR 2 0] B AT B i A A O 6 R0 R SPSS
17. 0 XFAHIEFE UL 21 1) BT A 670 2047 RCEC s ik 17
Pearson FHICM 5 HT & BEL MR TP S B S5 H
DP, TSS. pH. DO, BOD, . COD. TIC L} TOC &

HZ SR W EAH R (P <0.01) , Hrf,
iR TP &5 DP, TSS, pH, BOD, . COD . TIC,
TOC & Z 2B E M IEMHCKR, M5 DO &
HZEEMEENRACCR (£ 3). Z LU
IR DL PR Ry W R £k B A o 1) T I B 2 )
ERFAH Fe, Al LI Ca FAEDISS S, HIL, 12
P TP SR S5 TSS SR R HLE E A IE A G
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F, RIS AR B G 2R SURJRRRE 1, A — B i
B P Tl 10 k. 8 A0 Bt 2 AR A AR AR B i (51 4n pH
AR TR ) 23 B U BB O A K M %) i L AR
P DP RS AR TSS & i 5L 3 ) IE AR

KRR, 55—, BOD;s, COD, TIC, TOC %54B &
W E SRR, I B 3 2 DO S A
FERY , [RIRE AT LIRS B ER A W2 R0, BT LA 75 2 55
ICREFE bR [A)h 22 B 2 IEAH DGO R

®3 BMERERTHSESELERNEXXRY

Table 3 Correlation analysis of concentrations of phosphorus and characteristics of urban runoff of Wenzhou

TP DpP TSS pH Eh DO BOD; COD TIC TOC
TP 1 0.253" " 0.568 "~ 0.179** -0.169"" -0.191"" 0.467 " 0.752"* 0.559 "~ 0.403 " "
bp 1 0.101" " 0.078 " -0.073" -0.122° 0.225"* 0.223** 0.192** 0.278 "
TSS 1 0.170" * -0.149*"  -0.078 0.437" " 0.624" 0.319" " 0.395" "
pH 1 -0.865"" -0.202"" 0. 093 0.072 0.389 " " 0.094 *
Eh 1 0.191** -0.088 -0.073 -0.358"" -0.084"
DO 1 -0.384""  -0.259"* -0.513"" -0.250""
BODj 1 0.672" " 0.559 " * 0.560 " *
COD 1 0.635" " 0.654 "~
TIC 1 0.445**
TOC 1

1) * FRBEKFH0.05(BE); + = FRBEKTFRO0.01 (B L)

“w

&it

(1) WM X RER AR TP, DP LUK PP ()5
HOMA T 0.0l ~4.32 mg-L”', ND ~ 0.88
mg-L "I ND ~4. 31 mg-L ™' Z[a]. AR T
TR B BE TP B USRS A 3=, Bl 2 A2 3L 0 st A
e i PP 5 DP & 2 oA B MR, A5
AR FABLE S W B L) DP R A9 B, (H S A
W BE IR AT, AN 2% ™ A2 gk AR 1 B .

(2) % FEIE 27 B TP 1 DP Ay EMC T %%
THCIRIZSAY | T R R T AR R (R 2R AR . DT T
RIS rh 22l 118 | 45 2 /N X B T AR it
TP 1) EMC {H— M , K2 it 7R KR5S V
FOKFRAE. T T AR F T DP [ EMC {HI#AK,
A — P35t M 3R KV 2RPRER I DL 3, IR 2n
SRR SR AR B 1) 25 BRAR It v i ORI 448
T B ST LA B B HE T — sz gk Y

(3) T W0 1 4% T H TR 3 TP A 3 o)
BN A A i F SR PR TR RN AR L RN T T AR AR
P 25 5, AN TR) 4 R 7 UL ) TP A 38 v b i 32
ZREE; BN, 5 TP ML DP FLHME L& A= 0130
RN , I BAEFE R — A2 37 8 oS 2[R B s B
TP 5 DP 4 i) 55007, 37— 25 F BH 3 T &g R 42
P TP FELL PP R E.

(4) AN[R)T #8414 A B AR R 1 A
JUARIA] TR, A2 37 ) 45 A B o 5 HL s 5 2 T
WAFAEE BE AN (P <0.01) , HItL, £ X4 AT

T E TR i B S G A BT AE R SR A (] 1Y e £
BTSRRI TSS 5 £ ) J2 11 9 775 G 171 A
AR —.
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