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Abstract: Urban highway runoff samples from seventeen
rainfall events were collected in Shanghai in 2011. The
concentrations of ten heavy metals and sixteen polycyclic
aromatic hydrocarbons ( PAHs) are analyzed. The results
show that the heavy metal concentrations range within 0. 50
to 51.80 (As), 0 to20.80 (Se), 13.67 to 445.80 (Zn), 0
to 44.20 (Pb), 0 to 15.80 (Ni), 39.58 to 264.20 (Fe), 0
to 253.00 (Mn), O to 8.20 (Cr), 0 to 124.20 (Cu), and
159.83 to 536. 40 pug/L (Al). Se, Pb, Mn and Al
concentrations in most samples exceed their corresponding
criterion continuous concentrations ( CCCs), while Zn and
their
concentrations (CMCs). The concentrations of >PAHs range
within 37.25 to 114. 57 ng/L and concentrations of PAHs are
all below their corresponding CCCs. Cu, Zn and XPAHs
show the first flush phenomenon. Analysis results of the
modified Nemerow index method (NIM) indicate that runoff

Cu concentrations exceed criterion  maximum

from eight rainfall events may have very strong biological
toxicity effects, four have strong effects, three have moderate
effects and only two have insignificant effects. Therefore, it
is concluded that urban highway runoff is a significant
pollution source to aquatic ecosystems and needs immediate
purification.
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ighway runoff has been considered as one of the ma-
H jor contributing sources that deteriorate the quality
of receiving waters' .
highway runoff carries many pollutants, the components
of which are very complex, including many different xe-
nobiotic compounds''. These compounds may threaten
aquatic organisms and lead to the alternation of the fresh-

[4-5]
water ecosystems .

During wet weather periods,

Much attention has been paid to heavy metals and pol-
yaromatic hydrocarbons (PAHs) due to their frequent oc-
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currence in highway runoff and their toxicological effects
on the environment and human beings'® . Studies showed
that the toxicity of runoff samples was associated with
heavy metals and PAHs which were related to tires and

% The con-

exhaust gas of vehicles on urban highways'
tamination of aquatic systems by heavy metals and PAHs
can be critical because of their persistence in the environ-
ment. Furthermore, they can gradually accumulate in
some plants and animals, and interfere with human’s nor-
mal metabolic activity when taken in through the food
chain'"',
teen PAHs have been classified as priority pollutants by
the United State Environment Protection Agency ( USE-
PA) ™,

In recent years, more and more urban infrastructures

such as highways have been built in Shanghai, resulting
(131

Due to their toxicity and carcinogenicity, Six-

in increasingly serious runoff pollution The mean
concentrations of TSS, TN, TP and NH,-N are 264,
7.51, 0.63 and 3. 87 mg/L in the highway runoff in
Shanghai, respectively, which are worse than the Envi-
ronmental Quality Standards for Surface Water Grade V,
and the COD load from the traffic areas in Shanghai is
1 399 kg/(hm® - a). Runoff pollution imposes significant

14-15
U451 - However,

adverse impacts on the receiving waters
up to now there are few studies on heavy metal and PAHs
contaminations in the highway runoff in Shanghai and the
information is seldom available.

This study will investigate ten heavy metals ( As, Se,
Zn, Pb, Ni, Fe, Mn, Cr, Cu and Al) and sixteen PAHs
in highway runoff as a preliminary work of a proposed
rainwater harvesting project. The pollution level and bio-
toxicity effects of runoff samples will also be assessed

using the modified Nemerow index method (NIM).
1 Materials and Methods
1.1 Sites and sampling

Runoff samples were collected from a highway in
Shanghai downtown area during seventeen rainfall events
from April 2011 to August 2011. The traffic volume of
the highway ranges from 4 154 to 9 820 veh/h.

The runoff samples for analysis were collected in poly-
ethylene bottles (1 L), placed at the bottom of storm-
drains on both undersides of the highway. Both grab and
composite samples were collected. The composite sam-
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ples were accomplished by taking a fixed amount of sam-
ples at fixed time intervals (15 min) during a storm. All
samples were stored immediately in darkness at 4 C until
analyzed the following day, which were filtered through a
0.45 um Millipore filter before testing.

1.2 Sample analysis

Metal analysis (As, Se, Zn, Pb, Ni, Fe, Mn, Cr,
Cu and Al) was performed using the Inductively Coupled
Plasma-Atomic Emission Spectrometer (ICP-AES, Perkin
Elmer Optima 2100 DV). Sixteen PAHs classified as pri-
ority pollutants by USEPA were extracted and analyzed
by the solid-phase extraction-gas chromatographic method
with mass spectrometric detection.

2 Results and Discussion
2.1 Characteristics of heavy metals and PAHs

The concentrations of ten metals and PAHs in all the
samples are listed in Figs. 1 and 2, respectively.
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Fig.2 Concentrations of LMW PAHs and 316PAHs in the

highway runoff from seventeen rainfall events

The criterion maximum concentration (CMC) and cri-
terion continuous concentration (CCC) from the National
Recommended Water Quality Criteria are applied for the
evaluation of contamination in urban stormwater runoff
(see Tabs. 1 and 2). The CMC is known as the “acute”
toxicity to aquatic life. The concentrations of these pollu-

tants exceeding the value of CMC indicate that their ad-
verse effects on living creatures will occur frequently in a
short time. The CCC is equated with chronic toxicity.
The concentrations of these pollutants exceeding the value
of CCC indicate that their adverse effects on living crea-
tures may increase in incidence from rare to occasional
over a long time. The CMC and CCC values have been
widely used to assess the water quality''”.

Tab.1 CMC and CCC of heavy metals
Concentration/(pg - L -1

Criterion
Se Zn Pb Cd Ni Fe Mn Cr Cu Al
CMC 34013 to 186120 65 2.0 470 2 300 13 750
CCC 150 5 120 2.5 0.25 52 1000 80 9 87
Tab.2 CMC and CCC of LMW PAHs
o Concentration/(ng-L'l)
Criterion
Naphthalene Fluorene Phenanthrene Anthracene Pyrene
CMC 190 70 30 13
CCC 1.1 3.9 6.3 0.73 0.025

The heavy metal concentrations varied greatly and
ranged within 0. 50 to 51. 80 (As), 0 to 20. 80 (Se),
13.67 to 445. 80 (Zn), O to 44.20 (Pb), 0 to 15.80
(Ni), 39.58 to 264.20 (Fe), 0 to 253.00 (Mn), O to
8.20 (Cr), 0 to 124.20 (Cu), and 159.83 to 536. 40
png/L (Al). Cd was not detected, while Se, Pb, Mn and
Al concentrations in most samples exceed their corre-
sponding CCCs. Zn and Cu concentrations in most sam-
ples exceed their corresponding CMCs. Therefore, Zn
and Cu can be regarded as key metal pollutants in the
highway runoff in Shanghai.

Of 16 analyzed PAHs, four low-molecular weight
(LMW) PAHs were detected as primary pollutants: naph-
thalene, fluorine, phenanthrene and pyrene. This may re-
sult from the fact that high-molecular weight PAHs have
low solubility and mainly concentrate in the particles,
while LMW PAHs can easily dissolve in the rainwater and
accumulate in the ground through wet deposition''”. The
concentrations of 3PAHs ranged within 37. 25 to 114. 57
ng/L and the concentrations of LMW PAHs were all be-
low their corresponding CCCs.

The concentration variations of main metals (Cu, Zn)
and >PAHs during a single rainfall event were further in-
vestigated. The data from the rainfall event of June 4,
2011 were used as an example for analysis here. As
shown in Fig. 3, for both heavy metals and 3PAHSs, the
first flush phenomenon was quite obvious. The concentra-
tion reached the highest in 15 min after the runoff started.
The heavy metal concentrations remained at a low and rel-
atively constant level afterwards, while the SPAHs con-
centrations varied greatly. It is noted that there is a signif-
icantly positive correlation between the rainfall intensity
and the 3 PAHs concentrations, while it is less significant
between the rainfall intensity and the heavy metal concen-
trations.
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Fig.3 Pollutographs for June 4, 2011 rainfall event

2.2 Evaluation of urban highway runoff

The modified Nemerow index method is applied to as-

sess the water quality of highway runoff, which can be

formulated as follows'™ :

FIT:L\ZX +F;ﬂ’:ﬂn
R ™
’ Fmax +Fw
FITIL\X = 2 (2)
R,
W= 3)

where F is the modified Nemerow index value; F is the
maximum value of C,/S;; C, is the measured concentra-
tion; S, is the standard CMC value; F' _, is the average
of C,/S,; F, 1is the ratio of maximum value C;to S;; R, =
S /S5 S 18 the maximum value of §,. Water quality
can be classified into five categories according to F values

(see Tab.3).

Tab.3 Water quality classification

Category I I I I\ \Y
F <0.8 0.81t02.50 2.50t04.25 4.25t07.20 >7.20

The weights are calculated on the basis of CMC stand-
ard levels and shown in Tab.4. Tab.5 presents the modi-
fied Nemerow index value and water quality classification
of highway runoff samples. The analysis results of the
modified NIM indicate that runoff from eight rainfall
events (belonging to V) may have very strong biological
toxicity effects, four ( belonging to [V ) have strong
effects, three (belonging to [l[) have moderate effects
and only two ( belonging to II ) have insignificant
effects. It shows that in the samples taken from seventeen
rainfall events, 47% 1is very poor, 24% is poor, 18% is
relatively good, and only 12% is good. Therefore, the
urban highway runoff has varying degrees of biological
toxicity, but is highly toxic in general.

Tab.4 Weights of metals and PAHs of urban highway runoff

Metal As Se Zn Pb Ni Fe
Weight 1.97 x10 72 3.60 x 10 ~2 5.58 x10 2 1.03 x10~! 1.43 x10 72 6.70 x 10 3
Metal Mn Cr Cu Al PAHs

Weight 2.91 x10? 1.14 x10 2 5.15x107! 8.93 x10* 1.12x1073

Tab.5 Modified Nemerow index value and water quality clas-
sification of seventeen samples

Date Nemerow index F Water quality classification
2011-04-15 8.97 t0 16.85 \
2011-05-22 11.00 to 13.00 \
2011-05-23 5.46 to 10.46 VNtV
2011-06-04 6.33 v
2011-06-06 3.49 I
2011-06-10 8.10 AY
2011-06-14 3.27 I
2011-06-15 1.88 I
2011-06-17 3.78 I
2011-06-18 1.73 I
2011-06-21 6.66 v
2011-07-04 7.45 \
2011-07-14 12.89 \
2011-07-31 9.16 \
2011-08-03 15.96 \
2011-08-04 7.05 v
2011-08-14 9.77 \

3 Conclusion

Urban highway runoff samples from seventeen rainfall
events in Shanghai in 2011 were collected and analyzed.
Cd was not detected. Se, Pb, Mn and Al concentrations

in most samples exceed their corresponding CCCs, while
Zn and Cu concentrations in most samples exceed their
corresponding CMCs. Continuous monitoring of single
rainfall events reveals that Zn and Cu has a typical first
flush effect. The concentration peaks occurred immediate-
ly after the runoff started (around 15 min), and the con-
centration remained at a low and relatively constant level
soon afterwards. Of 16 analyzed PAHs, four LMW PAHs
were detected as primary pollutants: naphthalene, fluo-
rine, phenanthrene and pyrene. The concentrations of
SPAHs ranged within 37. 25 to 114. 57 ng/L, which
were all below their corresponding CCCs. XPAHs also
had first flush effects and the concentration was positively
correlated to the rainfall intensity. The analysis results of
the modified NIM show that runoff from eight rainfall
events may have very strong biological toxicity effects,
four have strong effects, three have moderate effects and
only two have insignificant effects, indicating that urban
highway runoff in Shanghai has varying levels of biologi-
cal toxicity, but is highly toxic in general. Therefore, it
is concluded that urban highway runoff is a significant
pollution source to aquatic ecosystems and needs immedi-
ate purification.



254

Zhang Haiping, Teng Junwei, Jiang Yue, and Yin Qiuxiao

References

[1] Lee J H, Bang K W. Characterization of urban stormwa-
ter runoff [J]. Water Research, 2000, 34 (6): 1773 —
1780.

[2] Drapper D, Tomlinson R, Williams P. Pollutant concen-
trations in road runoff: Southeast Queensland case study
[J]. Journal of Environmental Engineering—ASCE,
2000, 126(4):313 —320.

[3] Eriksson E, Baun A, Scholes L, et al. Selected stormwa-
ter priority pollutants—a European perspective [J]. Sci-
ence of the Total Environment, 2007, 383(1/2/3):41 —
51.

[4] Waara S, Farm C. An assessment of the potential toxicity
of runoff from an urban roadscape during rain events [J].
Environmental Science and Pollution Research, 2008, 15
(3):205 -210.

[5] Clément B, Raevel V, Renard O. Ecotoxicological as-
sessment of road runoff residues for aquatic surface eco-
systems in a scenario of reuse [J]. Journal of Soils and
Sediments, 2010, 10(7): 1255 —1266.

[6] Makepeace D K, Smith D W, Stanley S J. Urban storm-
water quality: summary of contaminant data [J]. Critical
Reviews in Environmental Science Technology, 1995, 25
(2):93 —139.

[7] Marsalek J, Rochfort Q, Brownlee B, et al.
tory study of urban runoff toxicity [J].
Technology, 1999, 39(12):33 —309.

[8] Karlsson K, Viklander M, Scholes L, et al. Heavy metal
concentrations and toxicity in water and sediment from
stormwater ponds and sedimentation tanks [J]. Journal of
Hazardous Materials, 2010, 178(1/2/3):612 —618.

[9] Schiff K, Bay S, Diehl D. Stormwater toxicity in Chollas
Creek and San Diego Bay, California [J]. Environmental
Monitoring and Assessment, 2003, 81(1):119 —132.

[10] Greenstein D, Tiefenthaler L, Bay S. Toxicity of parking

An explora-
Water Science and

FET e RERERBAMESYEREMR

R R

lot runoff after application of simulated rainfall [J]. Ar-
chives of Environmental Contamination and Toxicology,
2004, 47(2): 199 —206.

Charkhabi A H, Sakizadeh M, Rafiee G. Seasonal fluctu-
ation in heavy metal pollution in Iran’s Siahroud River
[J]. Environmental Science and Pollution Research,
2005, 12(5):264 —270.

Bojes H K, Pope P G. Characterization of EPA’s 16 pri-
ority pollutant polycyclic aromatic hydrocarbons ( PAHs)
in tank bottom solids and associated contaminated soils at
oil exploration and production sites in Texas[J]. Regula-
tory Toxicology and Pharmacology, 2007, 47(3):288 —
295.

Ballo S, Liu M, Hou L, et al. Pollutants in stormwater
runoff in Shanghai (China): implications for management
of urban runoff pollution [J].
ence, 2009, 19(7):873 —880.
Nie F H, Xiang S L, Wang Q J, et al. Characterization
of pollutants in urban overhead road [J]. Ecology and En-
2012, 21(5):924 —928. (in Chi-

[11

—

[12

—

[13

—_—

Progress in Natural Sci-

[14

—_—

vironmental Sciences,
nese)

[15] Zhang S F, Lin T, Gao T Y, et al. Study on pollution
load of urban surface runoff in Shanghai [J]. China Water
& Wastewater, 2006, 22(21):57 —63. (in Chinese)

[16] Robson M, Spence K, Beech L. Stream quality in a small
urbanised catchment [J]. Science of the Total Environ-
ment, 2006, 357(1/2/3):194 —207.

[17] Han J C, Bi CJ, Chen Z L, et al. Pollution characteris-
tics of PAHs in urban runoffs from main roads in urban ar-
ea [J]. Acta Scientiae Circumstantiae, 2012, 32(10):
2461 —24609.

[18] Chen J, Liu Q, Qian H. Application of improved Nemer-
ow index method based on entropy weight for groundwater
quality evaluation [J]. International Journal of Environ-
mental Sciences, 2012, 2(3):1284 —1290.

I

£ A FHeE

(' ARSI 4 5 DA R, L 200092)

( o rEFHLR)

FHAFR R, Yo 110004)

C LB FR R FERA RN, & 202162)

BE: LT HRER 1T R ZRREL
(PAHs) 693k JE. 45 R &0 : LW %

KEB R, M T B
A2 P 10 #+ £ 4 As, Se, Zn, Pb, Ni, Fe, Mn, Cr, Cu %ﬂAl

R E B 4% 4 0.50 ~51.80, 0 ~20.80, 13.67 ~445.80, 0 ~44.20, 0 ~15.80, 39.58 ~264.20, 0 ~
253.00, 0 ~8.20, 0 ~124.20, 159.83 ~536.40 pg/L. £ ¥ ,Se, Pb, Mn #= Al JR BEAEAR L T L3¢ ey Aok

HLRE, M Zn Fo Cu WAL T 3

ZRAKITHATIEN, LI 8 Mz
%i%& PR EE. B, R B R RAR
KBIR: G REBZR; TS5
RESES X522

RAKAEZRSK
SR GIR AT 354

ﬁf[XT/W éﬁ% Eﬂik/rﬂkﬁﬁc ’fL'mu‘:P
ng/L KT AF e B & 42k E. Zn, Cu = PAHs £ 303 9 2 6940 80 0% B2 R, 4
TR T KR A AR R 4 %i%ﬁrliffﬁé’é 39 A A —RE AR 2

PRy R R AR A 37.25 ~114.57
iR e MAE T 5 Ak AT

AEARZUAS A AT AR R

/Jk,'ﬂ‘]~



