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Pollution Characteristics of Surface Runoff of Typical Town in Chongqing City
WANG Long-tao' >, DUAN Bing-zheng'* ,ZHAO Jian-wei'”>" ,HUA Yu-mei'’,ZHU Duan-wei'”

(1. Laboratory of Eco-Environmental Engineering Research, College of Resources and Environment, Huazhong Agricultural
University, Wuhan 430070, China; 2. Key Laboratory of Arable Land Conservation (Middle and Lower Reaches of Yangtze River) ,
Ministry of Agriculture, Wuhan 430070, China)

Abstract: Six kinds of impermeable underlying surface, cement tile roof, asbestos roof, cement flat roof, residential concrete
pavement, asphalt pavement of restaurants, asphalt pavement of oil depot, and a combined sewer overflow canal in the Jiansheng town
of Dadukou district in Chongging city were chosen as sample plots to study the characteristics of nutritional pollutants and heavy metals
in town runoff. The research showed that the average mass concentrations of TSS,COD, TN, TP in road runoff were (1 681.2 +677.2) ,
(1154.7 +415.5),(12.07 +2.72),(3.32 1. 15) mg-L ™", respectively. These pollutants were higher than those in roof runoff
which were (13.3 £6.5),(100.4 +24.8),(3.58 +0.70),(0.10 £0.02) mg-L ™", respectively. TDN accounted for 62. 60% =+
34.38% of TN, and TDP accounted for 42. 22% +33.94% of TP in the runoff of impermeable underlying surface. Compared with the
central urban runoff, town runoff in our study had higher mass concentrations of these pollutants. The mass concentrations of TSS,
COD, TDN, TN, TDP and TP in the combined sewer overflow were (281.57 +308.38),(231.21 £42.95),(8.16 £2.78),(10. 60
+3.94),(0.38 £0.23)and(1.51 £0.75) mg-L™", respectively. The average levels of heavy metals in this kind of runoff did not
exceed the class VI level of the surface water environmental quality standard. Most pollutants in the combined sewer overflow had first
flush. However, this phenomenon was very rare for TSS. There was a significant positive correlation between TSS and COD, TP in the
combined sewer overflow. And this correlation was significant between NH,” -N and TP, TDP, TN, TDP. However, a negative
correlation existed between NO; -N and all other indicators.

Key words: town runoff; nutritional pollution; heavy metal; combined sewer overflow; first flush
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Fig. 1

Location of rainfall runoff monitoring sites in the Jiansheng town
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Table 2  Characteristics of rainfall events

s ] K2 R JJ3 5/ min [ T 2/ mm SR/ mm - min =1 K HER/mm -5 min 7! % [ B/ d
2013-05-24 160 21.9 0. 14 0.9 8
2013-06-05 450 16 0. 04 0.9 11
2013-07-05 315 41.2 0.13 6.2 3
2013-07-18 255 10. 6 0. 04 0.6 13
2013-09-02 590 58.7 0.10 1.1 10
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i) 22 I H ) R B AR R SR R B R
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YR JEMC SR — 37 B A8 U 4 e R 1) I s 5
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30/50 AP AN IR 3 Y 66 TR 75 2 0 1 49 4 i
RO B F o) =50% R0 pR.

2 HFR5IHE
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A 2 AT 45 R R AR T TSS 15 YL FE AR
UK I PR T T > AR T > /N XK R
T > /KPS TR T > 434 FU = T > 7K I8 B = T0. 91l
PEWIT M AR TS Y e A, A F (2462.4 «
915.3)mg-L~", FBEIE I PR I 75 B AR W 4,
REBWE Z. 5 WA M N T A, BB
PEOTSS FrEKmE TR KR TSS & & e A
P = I, (HAE AR5 e I AN 8, 340 (19,8 +
27.2) mg- L' XUSF IS 1w 5T XA BF 9 2
B KR = AR T TSS i e 49. 0 mg- L' A<
A R AR TS LA E |, TSS {544 B 4%, COoD §5
YRR EE A AR BT > 9l PR R T > /N XK
eI > AR TLR T > K e F 2 T > 7K I8 U= T
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& |
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Fig. 2 EMC of pollutants in the each monitoring points
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Table 3 Average mass concentration of heavy metal pollutants in runoff of impermeable underlying surface/pg-1 ="

WH cd Cr Ni Pb Zn

JK YR B R TR 2.90 £2.64 17.90 £9. 67 23.33 +5.84 0.91 +1.40 12.49 +24.85 26.09 +31.03
VAL i NE 4.14 £2.34 18.68 +10.88 22.87 +4.68 6.95 +3.94 9.72+9.19 46.09 £61.15
IR T 3.99+1.85 19.77 9. 80 25.14 £2.66 11.25 +3.77 16.70 +13.35 68. 86 +47.65
7N K B T 5.16 +2.19 54.34 +36.69 126.92 +75.57 62.71 £54.02 106. 52 +75. 85 649. 80 +404.23
BRI 5.06 +2.24 61.75 £40.23 116. 11 +66.93 67.59 £42.07 114.49 +71.34 669. 08 +376.26
T8 PR 7 B IR 10.26 £5.28 158.79 +147.52  312.59 +£319.63  154.24 +141.38  303.20 +278.66 1 640.76 +1435.00

2.3 AUl T Yt 2
2.3.1 Gl s

FH 2 4 P AT R e B U I IR T K T 2
B, TR DR R A R SRRV 3K TSS 22 3K, o
PIAE ik %) 281.57 mg-L™", fx K {H ik F 828.94
mg-L~",COD A FHIMEILE T 231. 21 mg-L~", B
SEEMEIER] 1.51 me- L. BEB Y b £ ELE
e T NH, -N i 49. 91% . B 595 Yedy T LU
WURLAS 15 74. 83% . 5257 4PV FEDLU
X, 2 I 2HE 24 %) e b bl X 37 A 4 7 T BRSO 5 4
L, AR IRAE A U T P TSS AT LK - 5 HAH

EW(EN 25T iy
2.3.2 AUl it B G Y AR AR IE

MAIEL 3 AT, 37 [ W i SRR TS G I v
JE WAL HH B A BT ) 43531 O - 45, 35, 55, 5 1130 min
AT B RS P AR A K, R R R
P 2 P I DR AR S 00T e T 5 2 S s ALY, R 3
FNWEAEJ5 |, FRIF U 20 B R B 0135 Tk TS e ik
FEPRFR XS RRE , 33X Ul I K XL 3 5 b R0 ARl rp
(8 FEY RO RS M B AE HE T, S8R S 77
PRV YWk FE AT AL F— A58 i I KT 35 B TR 2
A FEH COD | TSS W sh PR R, 2 R PR AR
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Table 4 EMC of pollutants in the combined sewer overflow

1 TSS COD NO; -N NH; -N TDN TN TDP
g /mg'L’l /mg'L’1 /mg‘L’] /mg.]_j1 /mg~L’1 /mg'L’l /mg’L’1
2013-05-24 195.21 250. 63 2.59 7.22 8.9 11.38 0.71
2013-06-05 167.55 256.98 3.52 5.06 9.04 11.25 0.38
2013-07-05 828. 94 247.7 3.55 1.82 4.56 5.96 0.1
2013-07-18 100. 11 246 2.78 5.79 11.9 16.35 0. 46
2013-09-02 116. 03 154.75 0.74 6. 54 6.42 8.07 0.23
T 281.57 +308.38 231.21+42.95 2.63+1.14 5.29 +2. 10 8.16 +2. 80 10. 60 +3. 94 0.38 +0.23
H TP Cd Cr Cu Ni Pb Zn
. /mg-L ! /gLt /gLt /pgeL7! /gLt /gLt /gLt
2013-05-24 2.31 1.71 9.75 15.1 2.29 8. 44 39. 88
2013-06-05 1.18 5.14 15.17 29.94 3.11 11.55 71.72
2013-07-05 2.32 6.15 43.54 51.64 25.86 32.15 177. 45
2013-07-18 0.92 4.15 16. 86 34.72 8.83 12. 46 89. 84
2013-09-02 0.82 3.42 10. 69 33. 64 6.45 12.8 43.68
T 1.51£0.75 4.11 £1.70 19.20 £13.93  33.01 +13.04 9.31+9.62 15.48 +9. 48 84.51 +55. 88

TF UG B 45 T8 v B 1975 e SR AR R R v il A7)
Ji%, Bt A e N K BRE 3 ) B e U0 B 82 g i
T AN 7] e B vy 0. 37 [ W o, 5 i 2 R
77.5% £3.0% , K53 A& L i ST AR W
R 29.0% + 16.3% , Tk A8 &5 £ S
2N T A T I, F DR AP I X b AR I A
SHERFRIBLH 88% +5% AW E] 5% +2% ,
AT 5T 2 A TR I A A R
A TG B IR T IR AT {HX 3 0 S AT AR
T S Hf.

A% 5 PIHL AT 10 min 8 0 R R T 0 A

S3HN 1.57% 0. 83% ,Hil 10 min {5 fif (5 E5
e g %) LU AR, B8 368 U B 0 LE A TS e A
NH, -N, TDN, TN, TDP, Ni; =f%fJf . NH, -N.
TDP, Ni. HI 20 min, 83 5 A 53 A TS5 G 48
Frk: NH, -N, TDP; H 30 min, #8313 %5 7 & 4 FL
FET5 G448 b5 4 . NH, -N | TDP; i 40 min, #id i
WA g3 LIRS (48 AR . NH N, TDP. 3X i ]
NH, -N, TDP 7E#) 3 i i v i L i 24 55 v, S
HHS T 0 B B 6 B2 2T 20 min PN A9
i, BAR H AL B T 4 5% W% R, 5 68 ] 0l
NH, -N, TDP &3k 20% LA .

RS SREHEFRABBI10, 20, 30 #0140 min BIi5 AT L BT RATHELS] %

Table 5  Ratios of pollutant load at 10 min, 20 min, 30 min and 40 min of the whole combined sewer overflow/%

Wi H 10 min 20 min 30 min 40 min
TSS 0.50 £0.58 1.32 £1.13 3.58£2.11 6.28 £4.29
COD 1.96 +1.68 3.46 +3.47 7.33+7.47 12.18 +11.23
NO; -N 1.40 +0.15 5.08 £1.24 7.03 £3.05 12.18 £5.76
NH," -N 4.72 £2.63 11.15 £6.48 14.49 £9.85 19.31 £12.62
TDN 3.28 +0.62 7.25+£3.00 10.93 £5.45 15.50 +8.32
TN 3.22£1.32 5.71 £3.40 10.43 £6.27 14.09 +8.16
TDP 6.09 +£3.83 12.84 +7.83 18.07 £11.54 23.17 +11.33
TP 1.87 £0.74 3.86 £1.70 6.97 £3.08 10.39 £5.49
Cd 2.45+1.04 5.06 £2.00 7.84+2.70 11.68 £5.14
Pb 1.98 +1.94 3.64 £3.62 6.24 5. 14 7.86 £6.31
Ni 4.84 +£5.20 7.82+7.27 9.70 +10.00 13.94 +11.12
Cu 1.63 £0.70 3.66 +£1.94 5.55+£3.06 8.87 £4.71
Cr 2.00 +0.61 4.43 £1.58 7.18 £3.40 11.29 £5.96
Zn 1.55+1.52 3.09 £2.66 6.18 £4.50 12.56 +11. 16
Thi it it 1.57 £0.83 4.73 +2.01 6.74 +£2.76 9.25 +5.16
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SR 77| EOIR SRR TS QAR o S Ve N
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WKL, (LTSS A 4 S C0030 i i S 3B K X
AOEAE R DA G, IZHRBE IR L0 R bk 52, PR
el R A P Y0 A Ay , 3k R A AL B IR HE i H1
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Fig. 3 Change of pollutants mass concentration and

flow of the combined sewer overflow canal in the five rainfall
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Table 6  F 3, values of pollutants in the combined sewer overflow/%
H TSS COD NO; -N NH, -N TDN TN TDP
2013-05-24 18.6 25.1 36.4 32.4 34.3 31.8 36.8
2013-06-05 13.2 19.2 29.6 46.7 40. 6 37.7 52.8
2013-07-05 28.1 19.8 20.3 51.1 38.5 39.1 60.2
2013-07-18 27.4 33 33.7 44.9 35.6 27.5 42.6
2013-09-02 43.2 49.1 46 48.1 45.2 43.1 78.1
ol 26.1+10.2 29.2+11. 1 33.2+8.4 44.6 £6.4 38.8+3.9 35.8 5.5 54.1+14.5
RN GRTIIN 0 0 0 1 0 0 3
CRELCRLDTIVEYS 1 2 3 4 5 4 2
TR B W 4 3 2 0 0 1 0
H i TP Cd Cr Cu Ni Pb In
2013-05-24 31.4 37.9 19.7 29.8 68. 8 43.5 52.6
2013-06-05 31.8 25.1 37.4 24. 1 19.9 17.9 28.6
2013-07-05 48.2 38 41.3 30.8 14.8 34.9 50. 4
2013-07-18 16. 1 26.8 18.9 21.2 17.1 21.2 14.8
2013-09-02 54.8 29.8 64.1 34.1 55.3 41.2 52.9
ol 36.5+13.7 31.5+5.5 36.3+16.6 28 £4.7 35.2+22.4 31.7+10.4 39.9+15.5
RN GRTI/N 1 0 1 0 2 0 3
CRELCRLDTIVEYS 3 2 2 1 0 3 0
TERI I il R 1 3 2 4 3 2 2
1 )l%]ﬂtlﬁmjﬁu :F(3U) =50% . "I"%J]ilﬁﬁ‘ﬁ‘] :30 < F(}g) <50 ,TE%J]!I@?FFE'J :F(3()) <30
®7T ARGERREFRMETLY Pearson HHXED
Table 7 Pearson correlation among the nutritional pollutants in the combined sewer overflow canal
i it A2t TSS CcoD NO; -N NH, -N TDN TN TDP TP
ik i 1. 000
TSS 0.329" " 1. 000
CoD -0. 062 0.412" " 1. 000
NO;-N 0.010 0.117 -0.108 1. 000
NH;-N -0.537*"  -0.286"" 0.279" -0.544" " 1. 000
TDN -0.644 -0.463" " 0.077 -0.211 0.790 " * 1. 000
TN -0.537 -0.327"" 0.219 -0.291" 0.723* " 0.919" " 1. 000
TDP -0.589""  -0.363"" 0.112 -0.305" 0.882" " 0.847" " 0.753 " * 1. 000
TP -0.176 0.492 " 0.630"* -0.205 0.459 "~ 0.201 0.307 " 0.440 " " 1. 000
1) #4E£0. 05 ACF- (R FREFEAZE, » o+ 720,01 KPR 1 WFAK, T [
®8 BRHERESBETHY Pearson HX
Table 8 Pearson correlation among the heavy metal pollutants in the combined sewer overflow
HinkiNy TsS Cd Pb Ni Cu Cr Zn
i Ui 1. 000

TSS 0.329"* 1. 000

Cd -0.102 0.366" " 1. 000

Pb -0.024 0.278 " 0.391" " 1. 000

Ni -0.040 0.528" " 0.507 " * 0.523* " 1. 000

Cu -0.009 0.465" " 0.586 " * 0.597"* 0.821"" 1. 000

Cr -0.083 0.451** 0.566 " * 0.410" " 0.562" " 0.636* " 1. 000

Zn -0.135 0.389 " " 0.384" " 0.501 " " 0.645" " 0.750 " * 0.521" " 1. 000

281.57 mg-L™", 231.21 mg-L™", E4JE EMC {HA
R M FK IR B V RARUE. IR RS A IURLAS
Bl o A H L R U SR Y AR T P
XA I 1 LA

50% , ELA 03 op Rl 08z, 1TSS 1447 3 v ] %4

(4) G i ilias T 15 G AR OGP 4 B 2R W1, COD |
TP 5 TSS #BHA 1 2 IE A X C &, NH, -NFI TP,
TDP, TN, TDP Z[a] £ & 2 IE A0 X E &, NO; -N Al
HoAh g AR AR 2 A OEOC R,
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