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Summary:Summary:Summary:Summary: With the development of point source pollution control in Shanghai,

non-point pollution should now become a new primary objective for

environmental protection. As highway runoff is one major source of non-point

pollution in urban areas, removal of contaminants in runoff should be of great

concern. In this paper, the necessity of highway runoff treatment in Shanghai was

approved, systemic comparisons between runoff treatments were listed, detailed

discussions on treatment approach selection were given based upon the

availability of land. Three design models for highway runoff treatment were

proposed; one focused on the urban highway, one focused on the suburb highway,

and the third focused on the urban-suburb area. A survey among scientists

studying runoff in China showed that the use of constructed wetlands was a

remedy that was highly approved. They also supported the establishment of an

urban runoff database. This paper will assist in the development of suitable

treatment strategies for highway runoff in urban areas in China.

KeyKeyKeyKey words:words:words:words: highway runoff, BMPs, constructed wetlands, Shanghai
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1. IntroductionIntroductionIntroductionIntroduction

A range of toxic contaminants (heavy metals, and polycyclic aromatic hydrocarbons) are
produced by vehicles, road wear and road maintenance (Opher et al. 2009). When highway
runoff runs into neighboring aquatic environment, the receiving water body may get polluted. In
the 1970s, the United State first carried out the large-scale study on road runoff. Then, Canada,
Germany and Australia began to focus seriously on road runoff. They developed the studies on
runoff characters, runoff modeling, and treatment practices. Now highway runoff has been
recognized as an important non-point pollution source in those countries (Huang et al. 2006).
Studies on road runoff were carried out very late in China. It was not until 1996 that road runoff
began to be recognized as environmental pollution in assessing the ground water quality during
the road construction, according to Technical Manual JTJ 005-96 (Highway Construction
Project Environmental Impact Assessment of technical specifications). There are some runoff
character studies in Xi’an and Beijing, China, but the treatment practice is rare (ibid).

1.11.11.11.1 RunoffRunoffRunoffRunoff generationgenerationgenerationgeneration

Road surface runoff is generated when precipitation volume is larger than the total volume of
infiltration, evaporation and drainage system. A study on the urban surface runoff generation
was carried out by Chao et al. (2009), and the study results can be simplified as presented in
Figure 1.

Figure 1. Generation process of runoff

The infiltration process is based on the material of the highway surface and the green areas along
the highway. Permeability of asphalt pavement is lower than the cement concrete pavement.
Highways usually comprise a large area with asphalt surface and, if there are no green areas
along or around the highway, the infiltration process will not be good. The evaporattion process
depends on the climate and the vegatations along the highway. The drainage system is important
in runoff control. If the drainage system is not functional enough, the runoff will generate
quickly and vastly during a heavy precipitation.
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1.21.21.21.2 HighwayHighwayHighwayHighway runoffrunoffrunoffrunoff charactercharactercharactercharacter

Highway runoff characters are impacted by many factors. The major factors are precipitation
characters (rainfall amount, rainfall intensity), sunny days before the storm, atmospheric
deposition, traffic intensity, road materials, and road sweeping. Hence, the runoff water quality
could be different from different event even in the same place (Zhang et al. 2008).

The source and constituents of road runoff pollutant is summarized in Table 1.

Table 1. Source and constituents of road runoff pollutants (Shen et al. 2009)

The major pollutants in highway runoff are total solids (TS), oil, COD, BOD, TN, TP, and
polycyclic aromatic hydrocarbons (PAHs) (Zhong et al. 2006). Zhao et al. (2001) also point
out that there are good liner relationships between SS concentration and COD concentration, SS
concentration and Pb concentration, and SS concentration and Zn concentration, separately.
COD=0.499SS-0.7045 R2=0.8245
Pb=0.001056SS-0.1181 R2=0.9306
Zn=0.001732SS-0.1184 R2=0.9126
Zn=1.6537Pb+7.268 R2=0.9961
In the correlation analysis, the correlation coefficients between COD, TN, TP concentration
and SS content are all larger than 0. 82.
Based on the investigation carried out in many countries, a road runoff quality is summarized in
Table 2.

Constituent Source
TS Pavement wear, vehicles, atmospheric deposition, road maintenance,

construction sites, soil erosion around roads
N,P Atmospheric deposition, fertilizer use
Hydrocarbons Fuel oil, asphalt pavement
Pb Leaded gasoline, tire wear
Zn Tire wear, engine oil
Fe Vehicles and road steel (such as bridges and barriers, etc.) rust
Cu Metal electroplating, bearing and brake parts wear, fungicide, and pesticides in

the metal
Cd Tyre wear, insecticide use
Cr Electroplating metal, brake parts wear
Ni Gasoline, diesel oil, metal-electroplating, brake parts wear, asphalt pavement
CN Caking agent preventer
NaCl, CaCl2 Deicing agent
Sulfate Roadbed, fuel, deicing agent
PAH The overflow, leakage, antifreeze, asphalt surface drain out



A preliminary work on highway runoff treatment design in Shanghai

3

Table 2. Road runoff quality recorded in different countries. Measurements in mg·L-1

Country/States COD SS oil TN TP Pb Zn Cu Road material Results based on Traffic int.

China Beijing (Ren et al.,2005) 140 243 - 6.9 0.61 0.003 0.060 0.020 cement concrete 19 precipitation events 22000 vehicle/d

Xi’an (Zhao et al.,2001) 153 307 - - - 0.21 0.41 - - 1 precipitation event -

Shanghai (Li et al.,2006) 336 251 - 7.74 0.57 - - - - 22 precipitation events -

Shanghai(Zhu et al., 2009) 176.7

(30~997)

277.7

(124~970)

- 4.71

(0.41~13.2)

0.26 (0.01 ~

1.72)

- - - asphalt paving 21 precipitation events 20000 vehicle/d

Guangzhou (Gan et al., 2006) 373 439 13.8 - - 0.115 2.06 - asphalt paving 7 precipitation event 4430 vehicle/h

USA

(Shen et

al.,2009)

California 88.7 59 1.5 - 0.18 0.013 0.111 0.021 -

A systemic research

( automatic rainfall

gauge and automatic

flow meter)

-

Texas 130 129 4.2 - 0.33 0.053 0.222 0.037 - -

North Carolina 48 215 3.3 - 0.20 0.015 - 0.015 - -

FHWA 84 93 - - 0.234 0.217 0.039 - -

States Urban Runoff Plan 82 180 - - 0.42 0.182 0.202 0.043 - -

Korea Road (Kim. et al.,2007) 77 98 - 3.1 0.41 0.018 0.193 0.199 Automatic rainfall

gauge and automatic

flow meter

Norway (Nordeidet et al., 2004) 100 150 - 2.0 0.40 0.070 0.500 0.100 - Calculated by model

Germany ( Stotz, 1987) 63~146 66~937 - - - 0.011~

0.525

0.120~

2.000

0.097~

0.104

- 3 federal highways
Investigation from
years 1978 to 1981

(heavy traffic)

France Paris (Mertz, 1999) 131 92.5 - - - 0.133 0.55 0.061 - 16 precipitation events -

GB3838-2002 (V standard) 40 200(GB897

8-1996II

standard )

- 2..0 0.4 0.1 2.0 -
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The event mean concentrations (EMC) of each state are listed in Table 2, except for the German
study which provided a range of the contaminant concentrations. Since these values were
obtained through different methods and the study scales were not similar, it is difficult to say
which state has the highest concentration while the other has the lowest. However, according to
the V standard environmental quality standards of China (GB 3838-2002), the concentrations of
COD, TN, and TP of highway runoff in Chain is higher than the standard. Because there is no SS
standard in GB 3838-2002, so the II standard of integrated wastewater discharge standard (GB
8978-1996) is used here. The EMC of SS is higher than II standard of GB 8978-1996 and, with a
big range of concentration, SS is a major contaminant. As shown in Table 2, the concentration of
SS in Germany ranges from 66 to 937 mg·L-1, and in the Shanghai case it ranges from 124 to 970
mg·L-1.

This big range of concentration of each event is caused by first flush effect. High concentration
of highway runoff pollutants concentrates in the first 15 to 30 min. That is called first flush
effect. First flush means the initial runoff volume, where the pollutants concentration is
substantially higher than that in the later period (Huang et al. 2006).

The degradable organic pollutant in the runoff takes up only 50% of the COD (ibid).

Roads include highways and small scale roads, since a highway has no lighter traffic pressure
than roads which are smaller, problems on water quality of highway runoff will not be lighter.
Although data from the study by Zhu et al. in 2009 is based on only 21 valid data in a very
limited area without automatic sampler, which decrease the reliability of the results, but it still
helps to tell the problems in the highway runoff in Shanghai. Shanghai, with a yearly
precipitation around 1200 millimeters, will have heavy pressure on highway runoff load.

1.31.31.31.3 CCCComparisonomparisonomparisonomparison ofofofof pollutantpollutantpollutantpollutant removalremovalremovalremoval efficiencyefficiencyefficiencyefficiency bybybyby managementmanagementmanagementmanagement practicespracticespracticespractices

Management practices on runoff pollutant removal can be divided into structural and non-
structural. The non-structural practices include road surface cleaning, traffic speed control and
traffic emission control, while vegetation, wetlands, and retention pond are the structural
practices (Shen et al. 2009). Scholes et al. assessed 15 structural BMPs and ranked them (2008).
The results are shown in the Figure 2 and Figure 3, where a ranking 1 identifies the practice the
highest removal potential for the identified contaminant. The rankings are based on the ordinal,
not numeric. Therefore this ranking stands for the order of predicted practice relative to each
other without any quantitative meanings.

The rank for BMPs of SS removal efficiency can be read from Figure 2, infiltration basin >
constructed wetland (SSF), porous paving > infiltration trench, soakaway > constructed wetland
(SF), extended detention basin >filter drain > retention pond > swale, detention basin, porous
asphalt >lagoon > filterstrip > settlement tank. And ranks of BMPs’ removal efficiency on BOD,
COD, Nitrate, phosphates, and fecal coliforms can be read from Figure 2 and Figure 3.
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Figure 2. Predicted order of preference for the use of BMPs to remove BOD, COD, SS (Scholes
et al. 2008)

Figure 3. Predicted order of preference for the use of BMPs to remove nitrate, phosphates, and
fecal coliforms (Scholes et al. 2008)

This ranking is done by a systemic process. We can take the rank process of infiltration trench in
removing SS as an example. Firstly, the relative importance of infiltration trench practice is
judged by seven removal mechanisms, they are listed in Table 3.
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Table 3. Relative importance of infiltration trench practice (Scholes et al. 2008)

Secondly, the abilities of that seven removal mechanisms in removing SS, BOD, COD, TN, TP,
and Fecal coliforms are assessed, as shown in Table 4.

Table 4. Potential for direct BMP processes to remove SS, BOD, COD, TN, TP, and Fecal
coliforms (Scholes et al. 2008)

Finally, the potential for pollutant removal by infiltration trench can be considered as a

Fundamental unit process Infiltration trench

High importance, i.e. considered to be a
dominant removal process within the BMP;

Medium importance, i.e. a process which
contributes significantly to the overall BMP
pollutant removal capability

Low importance, i.e. a process which makes
only a small contribution to pollutant removal

Not applicable (NA), i.e. it is not relevant to a
particular BMP option

Adsorption to substrate Medium/high

Settling Low/medium

Microbial degradation Medium

Filtration Medium/high

Plant uptake Low

Volatilization Low

Photolysis NA

TSS BOD COD Nitrates Phosphates Fecal coliform

Adsorption Medium Medium Low/medium Low High Medium

Settling High Medium Medium Low High High

Microbial degradation Low Medium Low/medium Low Low Low/medium

Filtration High Medium Medium Low High High

Volatilisation NA Low Low NA NA NA

Photolysis NA Low Low NA NA Low/medium

Plant uptake NA Medium Low/medium High High NA
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combination of all that seven susceptibility mechanisms. The developed methodology enables
these two datasets combined together, where high, medium/high, medium, low/medium, low,
and NA have numeric values 3, 2.5, 2, 1.5, 1, and 0, separately.

In the study by Scholes et al. (2008), the predicted ranked order on BMPs was compared with the
real performance on TSS after theoretical ranking, since data for TSS was the only existing
monitoring data. The comparison indicates the predicted ranked order on BMPs is a reasonable
prediction, it follows the reality well.

There is also quantitative assessment on the removal efficiency on different practices. Table 5
shows the removal performance on major runoff pollutant, according to the study carried out by
Federal Traffic Department, USA (Shen et al. 2009).

Table 5. Pollutant removal efficiency (%) by management practices (Shen et al. 2009)

However, the range of removal efficiency is very large. This is because Table 5 is a removal
performance summary of different practices in different areas with different methods. The big
range of removal efficiency also indicates that even by the same practice, the removal efficiency
varies a lot because of different design, different implement, different maintenance and some
stochastic factors, like the precipitation change. So, it is important to note the proper design,
implementation, and maintenance of every practice.

There are also application limitations of these practices (Shen et al. 2009), and the limitations
can be summarized as Table 6.

Practices TSS TP TN NO3
- metal bacteria oil

Retention pond 46～90 20～90 28～50 24～60 24～89 - -
Constructed wetland 65 25 20 - 35～65 - -
Infiltration system 75～90 50～70 45～70 - 75～99 75～98 -
Soil filter 75～92 27～80 27～71 0～23 33～91 - -
Organic filter 90～95 49 55 - 48～90 90 90
Vegetation ditch 30～90 20～85 0～50 - 0～90 - 75
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Table 6. Limiting factors for use of practices (Shen et al. 2009)

Comparing the performance and the limiting of each practice is an essential element of treatment
design.

1.41.41.41.4 NNNNecessityecessityecessityecessity ofofofof highwayhighwayhighwayhighway runoffrunoffrunoffrunoff treatmenttreatmenttreatmenttreatment inininin ShanghaiShanghaiShanghaiShanghai

1.4.11.4.11.4.11.4.1 AquaticAquaticAquaticAquatic environmentenvironmentenvironmentenvironment andandandand climateclimateclimateclimate
Shanghai is washed by the East China Sea on the east and Hangzhou Bay on the south. North of
the city, the Yangtze River pours into the East China Sea. Shanghai is known for its rich water
resources (697 square kilometers and accounting for 11% of the city’s total territory). The
Huangpu River (113-kilometer-long, 360-meter- average width), which is ice-free winds through
the downtown area of the city. Suzhou Creek, Chuanyang River and Dianpu River, are tributaries
of the Huangpu River. The Shanghai section of the Suzhou Creek runs 54 kilometers, with an
average width of 45 meters. The city’s largest lake, Dianshan Lake, covers 62 square kilometers
(Shanghai Government 2009). Wetland is another important water resource in Shanghai, with a
total area of 3197.14 km2, and can be divided into four categories. They are coastal wetlands,
river wetlands, lake wetlands, and constructed wetlands. However the water quality of water
resource is not good. The water quality of each rivers, lakes, or wetland listed in Appendix 1 is
decreasing (Yuan et al. 2004). It shows most of the water in Shanghai belongs to the fifth
category or worse than fifth category, which means the water quality is not even qualified as
agriculture use water.

In 2008, the average annual temperature was 17.5 degrees Celsius. And the total rainfall is
1,512.8 millimeters. About 70% of the precipitation came during the May-September flood
season (Shanghai Government 2009).

Practices Limitation Cost
Service
area/
hm2

Constru
ction
area/%

High
sedimen
tation
inload

High
ground
water
level

Near to
the
groundsi
ll

Constru
ction

Mainten
ance

Retention pond 4~20 10~15 Yes /No No Yes/No Medium Low
Constructed wetland 1~20 10 Yes /No No Yes /No Medium Medium
Infiltration system 0.8~8 2~4 Yes Yes Yes Medium Medium
Soil filter 0.8~2 2~3 No Yes /No No High High
Organic filter 0.8~2 2~3 No Yes /No No High High
Vegetation ditch 0.8~2 10~25 Yes Yes /No Yes /No Low Low
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1.4.21.4.21.4.21.4.2 HighwayHighwayHighwayHighway locationlocationlocationlocation andandandand developmentdevelopmentdevelopmentdevelopment

The length, the built year of the country and province standard highways are summarized in
Appendix 2 by gathering information on Wikipedia. The total length is around 773 km now.
Many highways were completed in the past few years. By the end of 2006, the project called
“Three circles and ten half-lines” was almost completed. The complement of that project stands
for the achievement of systemic highway web in Shanghai. This systemic highway web means
higher driving speeds and a larger vehicle volume. The simplified map of the system is shown in
Figure 4.

Figure 4. Simplified map of “Three circles and ten half-lines” (Image.Baidu, 2010)
The three circles are inside circle (colored orange), middle circle (colored green), and outside

circle (colored dark grey). The ten half-lines are shown in the light grey color, which are marked
from ① to ⑩ for simplicity.

The geographical location of the water resource and highway in Shanghai is shown in Appendix
3. It presents that all the waters are near the highway. Based on the abundant precipitation and
large area of impermeable surface, the highway runoff is very large in Shanghai. If the highway
runoff is not controlled, it will probably go into the water sources as a pollutant.

1.4.31.4.31.4.31.4.3 TreatmentTreatmentTreatmentTreatment factfactfactfact onononon highwayhighwayhighwayhighway runoffrunoffrunoffrunoff ((((DrainageDrainageDrainageDrainage systemsystemsystemsystem))))
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The treatment on highway runoff in Shanghai is neglected. The drainage approach is a direct
removal of surface water through a series of pipes to the nearest watercourse to prevent local
flooding, with little attention being paid to stormwater quality or its impact on receiving waters.
In the Ten-to-Fifteen-Year Program, 67 drainage systems are being built or rebuilt in the whole
area of Shanghai to eliminate the drainage blank of urban city (as shown in Appendix 4). The
drainage capacity will achieve 58,800,000 m3 /d, but it does not cover the highway runoff.
As a result of the rapid social and economic development in Shanghai, highways (above
province standard) have been extensively constructed in the past two decades, reaching 773 km
at the end of 2009. Presently, water quality of about 87.5% of the water body in Shanghai
belongs to class IV or worse of the Chinese Surface Water Quality Standard (GB3838-2002) and
the road runoff is regarded as one of the major sources of organic and nutrient pollution
(Shanghai Water Resource Report, 2008). The highway runoff could be a pressure on water
quality, since collection or treatment about the highway runoff is rare. Even if some
management practices, like the drainage system, are carried out to control the urban surface run
off by Shanghai government, the effect is not obvious.

1.51.51.51.5 PrinciplePrinciplePrinciplePrinciple thinkingthinkingthinkingthinking ofofofof thisthisthisthis paperpaperpaperpaper
Some studies are already done on highway runoff in Shanghai, but they are focused on the
pollutant wash-off characterization, the characters of highway runoff itself, and pollutant load
(Zhu et al. 2009). Studies on treatment practices are rare. So the primary objective of this paper
is to find a feasible way to treat highway runoff in Shanghai. To establish a treatment plant, the
first phase is to identify the runoff pollutant characters. This identification can be done by
sampling and analysis. However due to the variable impacts, like rainfall amount, rainfall
intensity, sunny days before the storm, and traffic intensity, it is a long term work to get a true
result on the runoff pollutant. Prediction models also can be used to get a general result. The
second phase is to compare the unit treatment practices and find out the proper unit, or
combination of several units, based on the treatment objective, the geography-specific factors,
operation and maintenance requirements and cost. The last phase is to design and treatment plan
in detail.
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2. MaterialsMaterialsMaterialsMaterials andandandandmethodsmethodsmethodsmethods

2.12.12.12.1 LiteratureLiteratureLiteratureLiterature SearchSearchSearchSearch
Most English reports were found in the library databases of Halmstad University. Combinations
of the key words (highway, expressway, runoff, Shanghai, BMPs) were used in searching articles
in the databases (Web of Science, Science Direct, Scopus and SpringerLink). Some reports
without full text were obtained by applying through the library. All the Chinese reports were
obtained through the CNKI database.

Some information, like the geography description, precipitation, city development, and traffic
intensity of Shanghai, are available on a government website.

2.22.22.22.2 UseUseUseUse StormTacStormTacStormTacStormTacmodelmodelmodelmodel totototo predictpredictpredictpredict contaminantcontaminantcontaminantcontaminant concentrationconcentrationconcentrationconcentration

2.2.12.2.12.2.12.2.1 DescriptionDescriptionDescriptionDescription ofofofof thethethethe modelmodelmodelmodel
This model is established by Thomas Larm. He describes the function of the model as below
(Larm 2010).

• calculate storm water runoff volumes, pollutant concentrations and loads in the
discharge points and from different land uses

• compare measured/sampled data to calculated values
• identify the largest pollutant sources and discharge locations to a recipient
• set up water and mass balances for receiving waters
• estimate the acceptable recipient loads and the reduction needed
• identify and decide where to implement storm water treatment facilities (STFs) and

detention facilities, such as wet ponds, filter strips, constructed wetlands, ditches/ swales
and detention basins

• choose and design (area and volume) STFs and detention facilities
• estimate the effectiveness of the designed STF or an existing STF and its effects on the

recipient (reduced concentration values)
•••• calculate the capacity of storm water sewers
• calculate loads from different pollutant sources such as wet and dry deposition, road

wear, tyre wear, copper and zinc surfaces

2.2.22.2.22.2.22.2.2 DataDataDataData neededneededneededneeded
The data requirement is different to different parameter prediction. Only traffic intensity
(vehicles per day as yearly average) is needed to calculate pollutant concentrations from the road
area. Precipitation (mm/year) and road area are also needed in order to calculate loads (kg/year).
Then, the road and ditch area are needed if the runoff is a mix of stormwater from roads and road
ditches (if any).
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2.32.32.32.3 SurveySurveySurveySurvey
The studies on highway runoff of Shanghai are rare. In order to know the reality of the study
situation on highway runoff in Shanghai, email addresses of the Chinese authors who study the
highway runoff were collected. A questionnaire was sent out which includes three aspects
questions and those questions are shown below.

Q1. Are there many studies on highway runoff in China? Is there any relevant
database? If yes, how to check it? If no, do you think it is necessary to build a
database?

Q2. Which method do you think is the best way to treat highway runoff in
Shanghai? Will wetland be a suitable choice?

Q3. How to get the relevant data about the highway (area, traffic intensity),
precipitation of that area to use models to predict the pollutant concentration?
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3.3.3.3. TreatmentTreatmentTreatmentTreatment approachapproachapproachapproach selectionselectionselectionselection

3.13.13.13.1ContaminantContaminantContaminantContaminant concentrationconcentrationconcentrationconcentration predictionpredictionpredictionprediction

Sediments are accumulated before the runoff genetated by a storm. Vaze proposed a classic
accumulation model named “Accumulation-Flush” (Yang et al. 2008, p. 82). Quantitative
models for stormwater runoff pollutants are being built in many countries. They generally
believe that the accumulation of a specific pollutant has an upper limit. SWMN, a famous
stormwater management model, is based on that model (ibid). The SWMM model can not only
simulate the accumulation of a specific pollutant, but also the flush and the diversion. Now, the
accumulation model used in China is mostly base on SWMN.

In this study, the Stormtac Model established by Larm is used to predict the highway runoff in
Shanghai. The introduction of this model is in the method part. Here, the traffic intensities were
the only data used to get the results below.

Table 7 Predicted contaminant concentration of 4 highway in Shanghai

StormTac, Version 2010-05

With the increase of traffic intensity, the predicted contaminant concentration increases, except
for Cr and Ni, which firstly decrease then increase. Larm explained, “For some substances such
as Cr and Ni, best function for best fit to data is a linear function, for other such as Cu and P, the
best function is logarithmic-increasing more rapidly for lower traffic intensities and less for
higher intensities. For each substance the function that gives best fit to data is used, and to be
changed when more data is available. There are different amount of data for different
substances.” (2010-05-26)

Traffic intensities of four highways were used to predict the pollutant concentration. Among
these four highways, Wuzhou highway and North Zhongshan highway were studied before (Zhu
et al. 2009; Nie et al. 2008). However, only the Wuzhou highway study provides the
contaminant concentration. It is summarized in Table 8.

Traffic int. P N Pb Cu Zn Cd SS oil Cr Ni
Highway vehicles/day mg/l mg/l µg/l µg/l µg/l µg/l mg/l mg/l µg/l µg/l
Wuzhou 20,000 0.215 2.1 26 58 145 0.40 117 0.90 6.0 9.0
North
Zhongshan 30,000 0.237 2.4 34 66 200 0.50 128 1.0 5.0 4.4
Huhang 44,700 0.259 2.8 46 75 281 0.65 144 1.5 7.4 9.0
West out circle 120,000 0.314 5.1 106 96 695 1.40 227 4.1 19 16
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Table 8 Summary of calculated event contaminant concentrations of Wuzhou highway

The predicted contaminant concentrations of SS, TP, and TN are in the range of reality
measurement. There are differences between the exact values. However it is difficult to tell
whether this difference is caused by the model or the contingency of the experimental
measurement.

Larm said, “The empirical functions are based on flow proportional data from approx 30
references, from Sweden, USA, Canada and Germany. The best fit of trend line to data gives the
function and resulted concentrations. If you have reliable flow proportional measured
concentration data from several months up to years from Shanghai, then I could add them to the
database and get better site-specific data for you, or else (if you only have grab samples or
shorter periods of flow prop data) I recommend using the attached data directly, in spite of the
uncertainties (the uncertainties from using less accurate grab sampled data should be higher than
by using better data from other regions, I believe)” (2010-05-18).

When the calculated results from StormTac model are used to compare with the GB3838-2002
(Environmental quality standards for surface water), the contaminant concentrations are worse
than the fifth standard with the increase of traffic intensity. When the calculated results are
compared with GB8978-1996 (Integrated wastewater discharge standard) , the contaminant
concentrations are better than the limitation of the second category discharge level, which stand
for the worst requirement for water discharge. But, according to the first flush effect,
concentrations of SS and some other contaminants could be higher than the third category
discharge level (GB8978-1996), and as many pollutants combine with SS, SS is regarded as a
primary contaminant need to be controlled in the following study.

3.23.23.23.2 SelectionSelectionSelectionSelection ofofofof removalremovalremovalremoval approachesapproachesapproachesapproaches forforforfor highwayhighwayhighwayhighway runoffrunoffrunoffrunoff inininin ShanShanShanShangggghaihaihaihai

In the previous section, SS is chosen to be the primary treatment objective in treating highway
runoff in Shanghai. The best removal practices for SS are infiltration basin, porous paving,
constructed wetland (SSF), infiltration trench, soakway, and constructed wetland (SF) (as shown
in Figure 2). Also according to Table 5, the removal efficiencies for all these practices on
reducing SS are as high as 90%. It also said the removal potential of constructed wetland on SS is
only 65. However if the wetland is used with a sedimentation pond in front, then this
combination treatment also will have the removal efficiency on SS as high as 90%.

Groundwater level of Shanghai is quite high, while the infiltrate treatment units are suitable for

SS
(mg/L)

COD
(mg/L)

TN
(mg/L)

TP
(mg/L)

Minimum(mg/L) 124.5 29.8 0.41 0.01
Maximum(mg/L) 970.0 977.0 13.22 1.72
Median(mg/L) 191.8 108.0 3.11 0.13
Mean(mg/L) 277.7 176.7 4.71 0.26
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low groundwater level areas. So, infiltrate treatment units do not fit. Although organic filter has
high efficiency on SS removal, it doesn’t fit high ground water level area, and the cost on
construction and maintenance is quite high.

Wetland with a sedimentation pond in front is a popular treatment practice. Shanghai has an
abundant resource in wetland, and many wetlands are near the highway, but now the nature
wetlands are degrading. So, if we want to use wetland, we have to build the constructed wetland,
and considering the land limitation on building constructed wetland in Shanghai, we should think
about some measures to reduce the area of constructed wetland. Kadlec and Knight proposed a
wetland area calculation method (Debusk et al. 2001). It indicates that if the influent
concentration of the objective contaminant is reduced, it will help to reduce the area demand.
Highway runoff has a significant character of first flush effect. So if we can avoid the fist flush
of highway runoff, maybe we can have a smaller size constructed wetland but functional enough.
Or we can use a sedimentation tank in front of the wetland to reduce the influent concentration
of contaminant to reduce land demand. Zhu et al. (2007) also suggested a first flush diversion,
but his purpose was rainwater collection.

Vegetation treatment, with high treatment efficiency, is another suitable practice. The green area
in Shanghai is expected to reach 38% of the total area in the end of 2010. It is valuable to make
those green areas multifunctional. Sunken-lawn is a good choice, it is a kind of green area and,
furthermore, it can serve as a flood buffer and contaminant filter.

The implementation of the removal practices is also based on the location of the highway.
According to the location reality, highways in Shanghai can be divided into three categories.
One is in the urban area with very little available land along or around the highway. Another is in
the suburb area, with available land to build treatment plant. The third is urban-suburb area,
where has some space available for constructed wetland but not enough.

Based on the discussion above, I propose to use different treatment according to differently
location of highways.

3.2.13.2.13.2.13.2.1 UrbanUrbanUrbanUrban highwayhighwayhighwayhighway runoffrunoffrunoffrunoff treatmenttreatmenttreatmenttreatment processprocessprocessprocess

Figure 5. First flush deflection treatment
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The idea of first flush deflection treatment is based on the understanding of high contaminant
concentration in the first flush from highway runoff. As shown in Figure 5, highway runoff is
collected by the collection pipe before it goes into the first flush separator. First flush water is
discharged through the pipe in the bottom, that pipe will carry the first flush water to a
centralized treatment plant to be treated. The runoff after first flush could be collected in another
tank to be used as a watering resource to the vegetation along the highway. However, the
application of this water reuse has a limitation. It is only can be used when the runoff water
quality after first flush are qualified as a watering resource.

The separator is built underground, and it will not meet any land limitation problems. The
volume of first flush of a precipitation can be calculated as the formulation below.

V first flush = ϕ h first flushA, (Zhu et al. 2007)

Where, V first flush equals Minima volume of first flush avoid separator/m3

ϕ equals Runoff co-efficiency (0.9 for highway surface)

A equalsArea where the runoff is collected/ m2

hfirst flush equals First flush height /mm (usually higher than 6 mm), ( Xu & Zhou 2001)

So, when the control area is determined, V first flush is easy to be calculated.

The runoff after first flush is pumped to water the vegetation along the road. The vegetation
along the road also has high removal efficiency. In the urban area, the vegetation area can be
built to as a vegetation ditch, which has even higher removal efficiency.

If the water quality after the first flush is still not suitable to be reused directly as a watering
resource, then, h first flush value should be modified to be larger or the flocculent comes into
consideration. The calculation of tank volume is based on the precipitation and the runoff
character. But in practice, 80% to 90% of the total volume of the runoff can be regarded as a
13mm times the area of control area (Xu & Zhou, 2001).

3.2.23.2.23.2.23.2.2 UUUUrban-rban-rban-rban- suburbsuburbsuburbsuburb highwayhighwayhighwayhighway runoffrunoffrunoffrunoff treatmenttreatmenttreatmenttreatment processprocessprocessprocess

In the urban-suburb area, there is some space for building constructed wetland but maybe not
enough. There are two treatment plans for highway runoff in this area. One is “First flush
deflection-half scale wetland treatment”, the other is “First flush treated-half scale wetland
treatment”. The design of the first plan is shown in Figure 6.
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Figure 6. First flush diversion - half scale wetland treatment

In Figure 6, highway runoff is collected by the collection pipe. Then the first flush is discharged
into the wastewater pipe. That first flush water is carried to the centralized treatment plant to be
treated. The water after first flush goes into the sedimentation pond after passing the oil block
frame, and then the constructed wetland. It is expected the effluent from the wetland can be used
as for irrigation or discharged into the natural wetlands in the area. Since the first flush of the
stormwater is diverted in this plan the wetland mainly performances as a water resource holder,
and improves the landscape. Since the water after first flush contains a lower contaminant load,
the sedimentation pond won’t have high removal efficiency on SS. However, a sedimentation
pond is still in the design to ensure the treatment performance of the constructed wetland. If
there is space limitation problems, the sedimentation pond can be excluded, but the oil blocker
should remain.

Figure 7. First flush treatment - half scale wetland treatment
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In Figure 7, highway runoff is collected by the collection pipe. Then the first flush goes into the
sedimentation pond after passing the oil block frame, and then the constructed wetland, while the
water after first flush is discharged to the drainage system. If the water quality after first flush
has passed is good enough then it can be regarded as a watering resource. The drainage pipe
rescue the runoff pressure to the wetland, it helps to reduce area demand of wetland. Here the
sedimentation pond is essential.

The calculation of sedimentation pond volume and wetland area depends on the character of
stormwater. A calculation example will be given in section 3.2.3.

3.2.33.2.33.2.33.2.3 SuburbSuburbSuburbSuburb highwayhighwayhighwayhighway runoffrunoffrunoffrunoff treatmenttreatmenttreatmenttreatment processprocessprocessprocess

Figure 8. Full scale wetland application

In the suburb area, the land space is enough to build constructed wetland. So here we do not use
the first flush separator in order to reduce the influent concentration, which could decrease the
wetland area according to the calculation function by Kadlec and Knight (1996).

A=(0.0365Q/k) ln ( Ci-C*)/( Ce-C*) (Kadlec and Knight 1996)

where
A equals the wetland area in ha.
Q equals the influent flow, m3/d.
k equals the first-order areal rate constant, m/yr.
Ce equals the target effluent concentration, mg/l
Ci equals the influent concentration, mg/l
C* equals the background concentration, mg/l

However, in the real operation of building a wetland, the wetland area is not the first value to
focus. Retention time of the wetland is a key factor to the removal efficiency. According to the
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first flush effect, the contaminant concentration increases during the first 15 to 30 min of the
precipitation, after 30min, the concentration decreases. So the retention time of the wetland
should be at least 30 min and the water load velocity should be within 0.3-0.5 m /s. If the water
load velocity is larger than 0.5 m /s, it will destroy the vegetation growth and lead to low
treatment efficiency (Xu & Zhou, 2001). In practice, the wetland area is around 1.5-3% of water
collection area (ibid).
● Case study on wetland area calculation.

Table 9. Background information for case study

Using Kadlec and Knight’s formula (1996) to calculate,
A=(0.0365Q/k) ln ( Ci-C*)/( Ce-C*)
Where k=1000 m/yr; C*=5.1+0.16 Ci,
So, A StormTac=0.225 ha; AExperimental=0.486 ha

Using Practice method, A=1.5~3%* Selected area
So, A=0.3~0.6 ha

The area calculation results differ a lot when using different SS concentrations. So, the
preliminary work to design a constructed wetland is to determine the contaminant characteristics
and concentrations.

This case study shows the wetland area calculation. The sedimentation pond volume calculation
is similar to the first flush volume calculation in section 3.2.1.

In addition to the area other factors also influence the performance of the wetland. For example
the soil offer nutrient to support vegetation growth. In FWS design, mineral (sandy) or organic
(peat) soils are commonly used (Xu & Zhou 2001). The vegetation in the wetland is also of
importance. To choose the proper vegetation, some principles should be followed. The plants
should;
● show high contaminant removal efficiency
● show good growth
● be of local origin and
● add to the landscape value
Following the recommended principles above, four vegetations are chosen to plant into the
constructed wetland, as shown in Table 10.

Highway name Wuzhou Highway
Selected Area 200000 m2

Objective contaminant SS 117mg/L (StormTac calculation);
191.8mg/L (experimental median value)

DB31/199-2009 standard SS 70mg/L
Precipitation 50mm/d (MAX)
Runoff coefficient of
highway

0.9 (DeBusk 2001)
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Table 10 Local plants with effective performance (Huang et al. 2006)
Name Category Character
Iris Emergent Local species, antifouling, developed root system,

organic absorption, live without soilReed
Lotus Floating-leaved

plants
Resistance to silt, live with soil, need organic compound
to grow

Aquatic flower Floating Strong ability to adapt to the environment, developed
root system, feed on nutrientsBrazilian milfoil
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4.4.4.4. AAAA surveysurveysurveysurvey amongamongamongamong thethethethe ChineseChineseChineseChinese runoffrunoffrunoffrunoff researchersresearchersresearchersresearchers

Twenty-four emails were sent out and eleven were received. The authors’ opinions can be
summarized as below.

4.14.14.14.1 Database:Database:Database:Database: necessarynecessarynecessarynecessary butbutbutbut difficultdifficultdifficultdifficult

China started research on urban surface runoff later than many countries because point source
pollution is always the principal contradiction in China, while non-point source pollution is not
paid enough attention. Highway runoff pollution is not on the prevention and treatment agenda,
but it is necessary. Until now, there are neither formed normative technologies nor design
methods on the road runoff pollution control. This needs to be improved.

By 2000, there was little research on urban surface runoff in China. Until 2005, the studies were
only carried out in big cities like Beijing and Xi’an. Piecemeal data, restricted small-scale
research and uniformed research methods and test conditions lead to less reliability on data
comparability. Southeast University and East China Normal University carried out some
research on urban non-point source pollution several years previously, but few development and
scientific research results came out. The systematic study about Xi’an, is made by Professor
Zhao Jianqiang of Chang’an University. And these years, the research is developing fast (like
roof and grass land) but not much.

There is no relevant database for runoff in China. The establishment of such a database is
important, like the NURP research in the United States. It can help to analyze the water quality
of surface runoff systematically and provide the basis for reuse. In addition, because of the
limitations of urban runoff sampling, it is necessary to put auto-sampling equipment in use.
Individual research work is generally sporadic and short-term (3 to 4 years at most) for a region,
but database should based on a long-term, in-depth study. So, the organization and promotion by
government environmental protection departments are essential. When the environmental
authorities recognize the need for the database and make long-term plans, setting up a database
will be easier. Also, if the parameters involved in the majority of the database can be obtained
through online monitoring instruments, the database will be much easier to enrich and maintain.
Program “863”, and other special national water cases are related to city non-point source
pollution. So data are accumulated gradually.

However, at this time, considering the domestic capital investment, awareness, and other aspects
like the academic atmosphere, the establishment of a shared database is very difficult. In
particular, the domestic point source pollution and agricultural pollution have not been
controlled. Considering the differences of highway runoff between different areas and variable
impacts on runoff, the application of the database is quite difficult.
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4.24.24.24.2 ProperProperProperPropermethodmethodmethodmethod

Methods used to treat highway runoff are based on concentration and composition of pollutant
factors. The main pollutants in highway runoff are COD, heavy metals and oil. Therefore,
filtration and adsorption are important. The root zone system of wetland has a good function on
strong absorption and purification. A front-pond is also needed to store the precipitation. The
general locations of the front pond are both side-areas of highways. Setting the grass land on
both sides of the highway to perform a channel purification function of wetlands is good.

Most wetlands cover a large area of land. Shanghai is an international big city. Its land space is
limited: it is almost impossible to put a new wetland in urban area in Shanghai.

Wetland is good choice in treating runoff pollution, but the specific wetland options, such as area,
soil depth, cover plants, land slope, and wetland operational parameters (hydraulic conditions,
residence time, pollution load, etc.) need to be decided according to literature. In-city wetland
design should consider road design, urban drainage, landscape, land use planning and
maintenance. For outside-city wetland, land scarcity will be smaller and, the feasibility of larger
wetlands is greater.

Cost should be one of the key issues. If the use of wetlands is a low cost treatment, and has no
detrimental impact on landscape, it is worthy trying.

4.34.34.34.3 DataDataDataData collectioncollectioncollectioncollection

Road characters can be found in the road design documents and environmental assessment.
Records of precipitation are kept in local meteorological departments. Data for traffic flow is
difficult to get. Field monitoring is necessary when real data is needed.

Data of highway runoff is expected to be difficult to acquire since the application of domestic
automatic sampling equipment is not sufficient.
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5.5.5.5. ConclusionsConclusionsConclusionsConclusions

Shanghai is developing rapidly in economic terms, but the management of highway run off is
neglected. Pollution from highway runoff has not drawn enough attention from the government.
It is high time that the Shanghai Government should pay more attention on highway runoff.

Data limitation is a key problem in studying how to treat highway runoff because, firstly, we
should know what the exact pollutant is in the runoff and, secondly we should think about the
solution. It is necessary to build a database on highway runoff. In order to build this database,
auto-sampler is needed to get continuous and reliable data over several years.

The proposed treatments are the combination of tank, front pond, wetland, vegetation ditch, and
drainage system. The “First Flush Diversion” treatment could be a useful way to make use of
highway runoff or road runoff in the urban areas. However, how much of the runoff that should
be considered as the first flush needs to be determined. Wetland is not only a good effective
removal treatment, but also provides good ecosystem service. The full scale wetland treatment
could be a useful way of purifying water in suburb areas. The half scale wetland treatment is
suitable for urban-suburb area. The combination of the treatment and drainage system is
essential. Researchers in China agreed with the application of wetland to treat highway runoff.
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AppendixAppendixAppendixAppendix 1111::::WaterWaterWaterWater qualityqualityqualityquality assessmentassessmentassessmentassessment onononon majormajormajormajor rivers/lakesrivers/lakesrivers/lakesrivers/lakes inininin ShanghaiShanghaiShanghaiShanghai

Note: This assessment based on GB/T14848-93 Quality standard for ground water

Source: Shanghai Water Resource Report 2008
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AppendixAppendixAppendixAppendix 2222:::: RoadRoadRoadRoadmap,map,map,map, waterwaterwaterwater resourceresourceresourceresource andandandandwetlandwetlandwetlandwetland locationlocationlocationlocation inininin ShanghaiShanghaiShanghaiShanghai

Note: A,B, C, F, G, H, I, and J stand for big wetland in Shanghai
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AppendixAppendixAppendixAppendix 3333:::: LengthLengthLengthLength ofofofof existingexistingexistingexisting highwayhighwayhighwayhighway inininin ShanghaiShanghaiShanghaiShanghai

Note: Data above are a combination by searching separately through “Wikipedia”

Name of Highway in Shanghai Length /kilometer Year Opened

Country Level G2 26.28 1996

G15 75 Yes

G40 56.58 2009

G42 26.28 1996

G50 47.5 2008

G60/G92 48 1998

G1501 189 2009

Province Level S1 12 1999

S2 42.3 2005

S3 27 No

S4 - No

S5 20.5 1998

S6 11.5 No

S19 21 2005

S20 99 2003

S26 7.8 2010

S32 83.5 2009

S36 18.5 2006

A13 - No
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AppendixAppendixAppendixAppendix 4444:::: DistributionDistributionDistributionDistribution ofofofof sewagesewagesewagesewage treatmenttreatmenttreatmenttreatment plantplantplantplant inininin ShanghaiShanghaiShanghaiShanghai

Source: Shanghai Water Resource Report 2008


