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concrete are often directly treated with pesticides, and wind/water can also carry pesti-

28 October 2011

cides onto hard surfaces from surrounding areas. This study expanded on previous bench-
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scale studies by considering pesticide runoff caused by irrigation under dry weather
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conditions and rain during the wet season, and evaluated the effects of pesticide residence
time on concrete, single versus recurring precipitations, precipitation intensity, and
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concrete 1 d after pesticide treatment contained high levels of bifenthrin (82 mg/L) and

Bifenthrin

permethrin (5143 mg/L for cis and 5518 mg/L for trans), indicating the importance of pre-

Permethrin

venting water contact on concrete after pesticide treatments. Although the runoff trans-

Runoff

ferability quickly decreased as the pesticide residence time on concrete increased,

Urban hard surfaces

detectable residues were still found in runoff water after 3 months (89 d) exposure to hot

Concrete

and dry summer conditions. ANOVA analysis showed that precipitation intensities and
concrete surface conditions (i.e., acid wash, silicone seal, stamping, and addition of
microsilica) did not significantly affect the pesticide transferability to runoff. For concrete
slabs subjected to natural rainfalls during the winter wet season, pesticide levels in the
runoff decreased as the time interval between pesticide application and the rain event
increased. However, bifenthrin and permethrin were still detected at 0.15e0.17 and
0.75e1.15 mg/L in the rain runoff after 7 months (221 d) from the initial treatment. In
addition, pesticide concentrations showed no decrease between the two rainfall events,
suggesting that concrete surfaces contaminated by pesticides may act as a reservoir for
pesticide residues, leading to sustained urban runoff contamination.
ª 2011 Elsevier Ltd. All rights reserved.

1.

Introduction

Insecticides such as synthetic pyrethroids are commonly used
in residential areas for structural pest control and landscape
maintenance, and this has been linked to sustained pesticide

contamination and toxicity in urban streams and estuaries
(Budd et al., 2007; Weston et al., 2009). For instance, residues of
pyrethroids have been found in urban creeks and sediments
in the United States, especially in California, often at levels
exceeding the toxicity thresholds to native invertebrates
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(Amweg et al., 2006; Weston et al., 2009; Holmes et al., 2008;
Hintzen et al., 2009; Ding et al., 2010; Weston and Lydy,
2010). In California, the total amount of pyrethroids used by
licensed professional applicators for structural pest control
and landscape maintenance was 138,000 kg in 2009 (CDPR,
2009), with bifenthrin and permethrin accounting for 16%
and 54% of the total pyrethroid use, respectively. In addition,
pyrethroids are also included in many pest control products
that are designed for homeowners and available at retail
stores, but the use of these products is poorly controlled or
documented (Moran, 2006).
It is commonly suspected that transport of pesticide residues from urban hard surfaces via irrigation or rain-induced
runoff is an important cause for downstream pesticide
contamination. Unlike agricultural fields or natural ecosystems, residential areas usually contain artificial hard surfaces
(e.g., concrete) that may account for up to 90% of the total
surface area (Arnold and Gibbons, 1996; USDA, 1975; COPWD,
1994). To control pests such as ants, hard surfaces may be
treated directly with insecticides (e.g., structural perimeter
spray and ant trail eradication), and spray drift and wind or
water-aided movement may also transport pesticide residues
onto hard surfaces. However, in contrast to the wealth of
knowledge about the fate of pesticides in soil, pesticide
behavior on urban hard surfaces is poorly understood. This
lack of understanding hampers the development of effective
regulatory and mitigation strategies.
In a bench-scale study, it was observed that after treatment
on concrete, the transferability of pyrethroids into the washoff water rapidly decreased (Jiang et al., 2010.). However, it
was also noted that pesticide residues remained on the
concrete for an extended period of time, and even after 112 d
under hot and dry summer conditions, pesticide residues were
still detected in the runoff water. The persistence of pyrethroids was further validated through a study using 14Clabeled compounds (Jiang et al., 2011), where 14C-permethrin
desorption was found to continue for over 300 h, and about
20% of the applied 14C remained on the concrete at the end of
the extended desorption procedure. Jorgenson and Young
(2010) showed that runoff of pyrethroids from concrete
surfaces was affected by formulations, especially surfactants,
and also by the contact time between pesticides and concrete.
These recent studies revealed that urban hard surfaces such as
concrete should not be viewed as inert surfaces, and research
is urgently needed to delineate the effect of common factors
on pesticide transferability from hard surfaces to runoff water.
This study considered the effect of a number of application
and environmental variables on pesticide runoff potential,
including pesticide residence time on concrete, precipitation
intensity, concrete surface condition, single versus repeated
runoff, and simulated versus natural rainfalls.

2.

Materials and methods

2.1.

Chemicals

(Philadelphia, PA) and United Phosphorus Inc (King of Prussia,
PA), and the contents of active ingredients were determined to
be 8.74  0.44% and 35.1  1.2%, respectively. Chemical standards of bifenthrin (99%, Chem Service, West Chester, PA),
permethrin (97%, 40% cis/60% trans, FMC), phenoxy 13C6-labeled
cis-permethrin (13C-permethrin, 99%, Cambridge Isotope Laboratories, Andover, MA), and decachlorobiphenyl (99.2%, Chem
Service) were obtained from different sources. All solvents and
other chemicals in GC/MS or pesticide grade were purchased
from Fisher Scientific (Pittsburgh, PA). All glassware was baked
at 400  C for 4 h before use to prevent cross contamination.

2.2.
Preparation of concrete slabs and pesticide
treatment
Concrete slabs in the dimension of 60  40  9 cm (L  W  H)
were prepared by pouring a fresh mixture of Portland cement,
sand, and gravels (1:3:3 ratio) in water into wooden frames.
The concrete slabs were allowed to cure under outdoor
conditions for at least 6 months before use to ensure the
completion of concrete hydration. All concrete slabs were
placed lengthwise on a 2.7  0.5 slope. The surface of each
slab was finished with a V-shaped indention at the lower end
before the concrete became hardened, and a brass-tubing was
attached to allow the runoff water to drain into a glass sample
bottle secured in the ground.
Pesticides were applied using a Marson MC air-brush
sprayer (Swingline, Lincolnshire, IL) at 40 psi. The professional formulations of bifenthrin (0.91 mL) and permethrin
(16 mL) were mixed together with 500 mL water, and 50 mL of
the mixed solution was applied evenly onto each concrete
slab. The actual application rates were determined at 3.2 mg/
cm2 for bifenthrin and 233.3 mg/cm2 for permethrin, which
were consistent with label instructions for these products. All
treatments were completed within a 12-h time window to
assure similar environmental conditions.

2.3.
Measurement of pesticide runoff from concrete
surfaces
Runoff from concrete slabs was generated by an automated
rainfall simulator (Ghodrati, 1989). To understand the effect of
different environmental conditions and application factors on
pyrethroid runoff transferability, the concrete slabs were
treated with the same amounts of bifenthrin and permethrin
and then subjected to the following different precipitation or
sampling schemes. For each precipitation/sampling scheme,
four replicates together with one control were included to
assess the variance.

2.3.1.

2.3.2.
Bifenthrin and permethrin were used in this study as representative urban-use insecticides. Professional formulations of
bifenthrin and permethrin were obtained from FMC

Pesticide residence time

To evaluate the effect of pesticide residence time on concrete,
five groups of concrete slabs were exposed to outdoor conditions for 1, 7, 20, 47 or 89 d after treatment, and then received
a single precipitation at 26.2  2.7 mm/h.

Repeated wash-off

Another group of concrete slabs were subjected to repeated
wash-off at 1, 7, 20, 47, and 89 d after treatment, with the
precipitation rate at 26.2  2.7 mm/h, to evaluate changes in
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pesticide transferability with recurring irrigation or rainfall
events.

2.3.3.

Precipitation intensities

Three groups of concrete slabs received repeated precipitations at three different rates, i.e., 19.3  1.7, 26.2  4.2, and
32.6  4.2 mm/h, on day 1, 7, 20, 47, and 89 after pesticide
treatment. To collect a similar runoff volume for each treatment group, the precipitation continued for 10 (32.6 mm/h), 15
(26.2 mm/h), or 20 (19.3 mm/h) min, depending on the
precipitation intensity.

2.3.4.

Concrete surface modifications

At the time of concrete slab construction, the surface of some
slabs was modified to mimic common practices. The surface
modifications included acid washing and silicone coating
(sealing) 3 months after the concrete slabs were constructed,
stamping before the concrete hardened, and addition of
microsilica before pouring. Details about concrete modifications are available in the Supporting Materials. After pesticide
treatment, these slabs were subjected to repeated precipitations at 26.2  2.7 mm/h on day 1, 7, 20, 47 and 89 after
pesticide treatment.

2.3.5.

Natural rainfalls

Five other groups of concrete slabs were treated with pesticides at different times in the year and did not receive any
simulated precipitation. Runoff water from the first and
second natural rainfalls in the wet season (November 8 and
November 20, 2010) was separately collected and analyzed for
pesticide residues. This treatment was designed to investigate
the relationship between pesticide application time and
runoff contamination from wet season rain events that typically occur at the end of the year.

2.4.

Pyrethroid analysis and instrument quantification

The runoff water from simulated or natural precipitation
events was collected in amber glass bottles and the samples
were transported to the laboratory within 4 h of collection. If
the runoff samples were not analyzed immediately, each
amber bottle was added with 60 mL methylene chloride and
then stored at 4  C before extraction.
Analysis of pyrethroids in the runoff water was carried out
using liquideliquid extraction (LLE) following the modified
EPA method 3510C. The extracts were subjected to Florisil
cleanup (modified EPA method 3620C), and analysis was
carried out using gas chromatography/tandem mass spectrometry (GCeMS/MS). More details about pesticide extraction
and instrument analysis are available in the Supporting
Materials.

2.5.

Quality assurance and data analysis

Several practices were used to assure the accuracy and
reproducibility of sample analysis. First, method recoveries
and detection limits (MDLs) of pyrethroids were determined
through preliminary experiments following EPA protocol 40
CFR, Part 136, Appendix B (n ¼ 4) (Table S1). Second, surrogate
and isotope-labeled internal standards were used in all
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samples to correct for extraction efficiency and calibrate for
instrument response variations. The surrogate recoveries
were 74.3  13.0% for all samples analyzed. Third, potential
laboratory cross-contamination was assessed by including
one laboratory blank for every 20 samples.
Effects of different variables on pesticide transferability
from concrete surfaces to runoff water were evaluated by
analysis of variance (ANOVA). Factors considered in ANOVA
include pesticide residence time on concrete before the onset
of precipitation, precipitation intensity, and concrete surface
conditions. Statistical comparisons were carried out using
Tukey test with the significance level set at 0.05. Normality
and equal variance tests were performed before analysis to
validate the statistical hypotheses.

3.

Results and discussion

3.1.
Runoff from simulated single-time and repeated
precipitations
The pesticide-treated concrete slabs were generally exposed
to warm and dry weather conditions, with an average daily air
temperature of 19.4  C and maximum daily air temperature
exceeding 30  C for 22 out of 89 days. No measurable natural
rainfall occurred during the 89 d simulated precipitation study
(CIMIS, 2010). An average 56.9  8.3% of the applied precipitation water was recovered as runoff water.
When the treated concrete slabs received precipitation 24 h
after treatment, concentrations of bifenthrin (81.9  46.0 mg/L)
and permethrin (5143  2604 mg/L for cis and 5518  2896 mg/L
for trans) were very high in the runoff water. These levels were
above their respective water solubility limits (14 ng/L for
bifenthrin and 5.5 mg/L for permethrin, Laskowski, 2002),
suggesting that surfactants in the formulations and fine
particles from the concrete surfaces may have contributed to
the enhanced transferability. However, when expressed as
percentage of the active ingredients applied, the total amount
of chemicals transferred into the 1-d runoff water accounted
for only 0.84  0.46, 2.67  1.33, and 1.11  0.57% of the initially
applied bifenthrin, cis-permethrin and trans-permethrin,
respectively. After 20 d of outdoor exposure, pyrethroid
concentrations in the runoff were lower than those in the 1d runoff by at least one order of magnitude (Figs. 1 and 2).
However, despite the initial rapid decrease, bifenthrin and
permethrin residue displayed great persistence on the
concrete, and bifenthrin, cis-permethrin and trans-permethrin
were found at 0.59  0.18, 17.8  3.0 and 30.0  5.5 mg/L in the
89-d runoff water. To better understand the decline of pyrethroid runoff transferability over time, pyrethroid concentrations in runoff water from the single-time precipitation
treatments were fitted to a first-order decay model. Good
model fitting was observed for all compounds ( p < 0.001), and
the estimated half-lives for runoff transferability were 15.3,
12.8, and 11.6 d for bifenthrin, cis-permethrin, and transpermethrin, respectively. From the estimated k values, under
the test conditions, it would take at least 117 d for the bifenthrin level to decrease to 0.1 mg/L. Therefore, considering the
extremely low aquatic toxicity thresholds (10th centile of LC50
to all tested organisms: 15 ng/L for bifenthrin and 180 ng/L for
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Fig. 1 e Levels of bifenthrin in the runoff following
simulated single-time or repeated precipitations at
26.2 ± 2.7 mm/h (n [ 4). The results are expressed as
bifenthrin concentration (mg/L) in the runoff water and
percentage of the initial application rate.

permethrin, Solomon et al., 2001), runoff of pyrethroids such
as bifenthrin and permethrin from concrete may be of
significant environmental concern even long after the initial
pesticide treatment.
Similar to simulated single-time precipitation treatments,
pyrethroids on concrete also displayed long persistence
following repeated precipitation simulations (Figs. 1 and 2).
After 4 repeated precipitation events, both bifenthrin and
permethrin were still detectable in the runoff generated from

A

the day 89 precipitation, at concentrations of 0.64  0.09,
12.44  2.58, and 19.98  3.91 mg/L for bifenthrin, cispermethrin, and trans-permethrin, respectively. However,
when expressing pyrethroid runoff following each precipitation event as the percentage of the cumulative runoff loss, the
runoff on day 89 only accounted for 0.88  0.46, 0.30  0.18 and
0.44  0.24% of the total runoff loss of bifenthrin, cispermethrin, and trans-permethrin, respectively (Table 1). In
contrast, the corresponding fractions for the Day 1 runoff
were 83.3  5.8, 93.1  2.9, and 90.8  3.7%. This indicates that
to mitigate urban runoff contamination, it is critical to prevent
the treated area from coming into contact with irrigation or
rainfall shortly after pesticide treatments. On the other hand,
low levels of pyrethroids may be available for transferring
from concrete surfaces to runoff water for a prolonged time,
contributing to sustained contamination of urban surface
streams.
In a previous bench-scale study, pyrethroids, including
bifenthrin and permethrin, also displayed an initial rapid loss
of runoff transferability after treatments on concrete, followed by a stage of persistent pyrethroid runoff from concrete
for an extended period of time (Jiang et al., 2010). This observation was attributed to pesticide retention in small pores
below the concrete surface. In another experiment, when
small concrete cubes were spiked with 14C-permethrin, slow
14
C desorption from concrete was still observed at the end of
the 300 h study (Jiang et al., 2011). Even though cured concrete
is considered to be impermeable, it is effectively composed of
a porous matrix containing capillary pores and larger fractal
pores derived from the concrete hydration process (Paria and
Yuet, 2006; Diamond, 1999; Sosoro, 1998; Chen and Poon,
2009). Consequently, sorption and/or trapping of pesticide
residues in these pores may contribute to the extended runoff
transferability by shielding pesticides from fast runoff loss
(Jiang et al., 2010).

3.2.

B

Effect of precipitation intensity

To evaluate the effects of precipitation intensity on pesticide
runoff transferability, concrete slabs treated with bifenthrin
and permethrin received repeated precipitations at 19.3  1.7,
26.2  4.2 or 32.6  4.2 mm/h, and the precipitation durations
were adjusted for the different intensities to achieve similar
precipitation volumes. As shown in Fig. 3, precipitation

Table 1 e Relative contributions of pyrethroid runoff from
each simulated precipitation event to the total
cumulative pyrethroid runoff loss. Results are given as
mean ± standard deviation (n [ 4).

Fig. 2 e Levels of (A) cis-permethrin and (B) transpermethrin in the runoff following simulated single-time
or repeated precipitations at 26.2 ± 2.7 mm/h (n [ 4). The
results are expressed as permethrin concentration (mg/L) in
the runoff water and percentage of the initial application
rate.

Precipitation
% of total cumulative runoff loss
(days after
Bifenthrin cis-Permethrin trans-Permethrin
treatment)
1
7
20
47
89

83.29 
12.08 
2.32 
1.43 
0.88 

5.75
3.88
0.75
1.10
0.46

93.10 
4.81 
1.25 
0.53 
0.30 

2.94
2.11
0.51
0.32
0.18

90.10
6.29
1.80
0.71
0.44

 2.94
 2.54
 0.67
 0.46
 0.24

µ
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Fig. 3 e Levels of cis-permethrin in the runoff water from
concrete slabs receiving repeated precipitations at
19.3 ± 1.7, 26.2 ± 2.7, or 32.6 ± 4.2 mm/h (n [ 4).

intensities appeared to have little effect on pyrethroid runoff
transferability from concrete, and both the temporal trend
and actual concentrations of pyrethroids in the runoff water
were similar. All pyrethroids displayed high runoff transferability from the concrete 1 d after the treatment, but
detectable residues were found in the runoff for all treatments
even after 89 d of exposure. For instance, on day 89, bifenthrin
concentrations in the runoff water were 0.57  0.08,
0.64  0.10, and 0.75  0.16 ppb for 19.3  1.7, 26.2  2.7, and
32.6  4.2 mm/h respectively, which are not statistically
different at the 95% confident level.
Enhanced runoff of nutrients and herbicides from soil
surfaces at increased rainfall intensities has been reported in
previous studies (Shigaki et al., 2007; Kleinman et al., 2006;
Müller et al., 2004; Berger et al., 2010; Revitt et al., 2002), and
the increased runoff transport was attributed to higher
extraction efficiency and/or enhanced soil erosion at higher
rainfall intensities. However, this conclusion may not be
applicable to concrete surfaces. Similar to findings from this
study, Jorgenson and Young (2010) also noticed that increasing
the intensity of simulated rainfalls did not necessarily
increase pyrethroid concentrations in the runoff from
concrete. Unlike soils which are composed of erodible aggregates, hardened concrete is cured to form a solid integrity and
designed to resist water erosion. Therefore, increased
precipitation intensity will not necessarily enhance pesticide
removal from concrete. It must be noted that in this study, the
lowest precipitation rate (19.3  1.7 mm/h) is already higher
than the intensity of most natural rainfalls, which may have
contributed to the absence of discernable effect by different
precipitation intensities.

3.3.
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Silicone sealants are often applied to protect concrete surfaces
against water and extend the lifetime of the concrete. These
modifications may change the surface texture or porosity of
concrete materials, which will probably lead to differences in
pesticide persistence and runoff transferability.
To evaluate the effects of concrete modifications on
pesticide runoff potential, concrete slabs with different
surface conditions were treated with pyrethroids and subjected to repeated precipitations at 26.2  2.7 mm/h. As shown
in Fig. 4 for bifenthrin, different surface treatments showed
similar decreasing trends in runoff transferability. For
instance, in the day 1 runoff, 0.85  0.38% of bifenthrin applied
on the concrete with acid-washing (AW) was recovered, which
was not statistically different from 1.33  0.37% for concrete
with silicone sealing (SC). In addition, extended persistence of
pyrethroid runoff was observed for all concrete surface types.
Following repeated precipitations, the bifenthrin concentration in the day 89 runoff from AW treatments was
0.24  0.08 mg/L, which was close to 0.10  0.05 mg/L for SC
concrete treatments. The overall statistical analysis showed
that the only difference frequently observed was the reduced
bifenthrin runoff from the stamped concrete (SS). For
instance, only 0.21  0.07% of the applied bifenthrin on the SS
concrete was found in the day-1 runoff water, which was
smaller than the 0.85  0.38% for the AW treatment and
1.33  0.37% for the SC treatment. In the day-89 runoff, the
bifenthrin concentration from the SS treatment was
82.4  21.9 ng/L, which was lower than 236.4  84.6 and
212.4  47.8 ng/L for AW and SC treatments respectively. The
decreased pyrethroid transferability may be due to the
increased surface roughness after stamping and/or enhanced
physical trapping of loose particles that may contain pyrethroids. As mentioned before, given the relatively high
precipitation rate used in the experiment, more pronounced
effects of surface conditions may be observed if reduced
precipitation intensity was used.

3.4.

Pesticide runoff through natural rainfalls

In regions such as California, rainfalls events are normally
concentrated in the winter months, whereas pesticides are

Impact of concrete surface conditions

In residential areas, concrete surfaces are often subject to
surface or ingredient modifications to achieve specific esthetic
or functional purposes. Common modifications include acid
washing, surface sealing, stamping, and others. For instance,
a freshly prepared driveway is often acid washed before use to
remove milky stains and obtain a uniformly darker color.

Fig. 4 e Levels of bifenthrin in the runoff water from
different concrete surfaces after repeated precipitations
(n [ 4).
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usually applied in the summer when the greatest pest pressure occurs. Previous studies show that runoff from winter
rainfalls is the primary source for pollutant loadings into
urban watersheds, even though irrigation-induced runoff
continues for months before the first winter rainfall (Pedersen
et al., 2006; Schiff and Sutula, 2004; Bailey et al., 2009; Amweg
et al., 2006; Weston et al., 2005). For instance, Weston et al.
(2009) estimated that in residential areas, one intense 3-h
rainfall may result in bifenthrin runoff comparable to over 6
months of irrigation runoff under dry weather conditions.
Therefore, it is important to determine the availability of
pesticides applied early in the year to contaminate rainfall
runoff in the winter months. Such information may also be
used to mitigate rain-induced pesticide runoff by determining
better timing for pesticide applications.
In this study, five sets of concrete slabs were treated with
pyrethroids at the same rates, but in different months of the
year ahead of the winter raining season. Runoff water from
concrete surfaces was sampled during the first two natural
rainfall events (Fig. 5). In general, pyrethroid concentrations in
the rain-induced runoff always decreased as the time interval
between pesticide treatment and the rain event increased. For
instance, for the July concrete treatments, the event mean
concentrations (EMCs) of bifenthrin in runoff water were
1.41  0.28 and 2.10  0.35 mg/L for the first and second rain
events, respectively. These values were about 10 times
smaller than 13.08  5.67 and 18.91  5.16 mg/L for the
November treatments, for which the pesticides were applied
only 7 d before the first rainfall event. The average concentrations of pyrethroids in the two runoff events were further
plotted as a function of the elapsed time after treatments and
fitted to a first-order decay model to derive the dissipation rate
constant (k, d1) and half lives (T1/2, d) (Table 2). In general,
good model fitting was observed for both bifenthrin and
permethrin, with R2 values ranging from 0.90 to 0.94 (Table 2).
Both pyrethroids displayed long runoff transferability, and the
estimated T1/2 values were greater than 20 d in all cases. The
extended availability of pyrethroid residues for runoff
contamination was further evident from the earliest treatment made on April 1, 2010, which was 221 d prior to the first
winter rainfall. For this treatment, the pesticide-treated
concrete slabs received three significant rain showers (3.6,
24.9, and 7.1 mm, respectively) during the month of April
(CIMIS, 2010). However, pyrethroid residues were still detected
in the runoff from two monitored winter rainfalls. The EMCs
were 0.15  0.06 and 0.17  0.06 mg/L for bifenthrin, 0.87  0.49

B

Fig. 5 e Concentrations of bifenthrin and permethrin in the
runoff water from two winter rainfalls. (A) first rainfall; (B)
second rainfall (n [ 4).

and 0.75  0.21 mg/L for cis-permethrin, and 1.15  0.69 and
0.87  0.30 mg/L for trans-permethrin, respectively.
The two winter rainfalls monitored in this study occurred
two weeks apart. The first rainfall was small, with a 16-h
cumulative precipitation rate of only 2.3 mm, and the
maximum hourly intensity was 0.24 mm/h. In comparison,
the second rainfall lasted for 32 h with 12.4 mm total precipitation, and the recorded maximum hourly intensity was
4.1 mm/h (CIMIS, 2010). Correspondingly, greater amounts of
pyrethroids were recovered in the runoff from the second
rainfall. For instance, for the July treatment, 657  166 ng of
bifenthrin was transferred from each concrete slab to the
runoff water during the first rainfall event, which was much

Table 2 e First-order rate constant k (dL1) and half-life (DT50, d) values describing the decline of pyrethroid transferability
to runoff from concrete.
Precipitation type

Parameters
2

1

Bifenthrin

cis-Permethrin

trans-Permethrin

Simulated single-time
precipitation

k (10 , d )
DT50 (d)
R2
p

4.53  0.82
15.3
0.64
<0.0001

5.41  0.52
12.8
0.86
<0.0001

5.97  0.48
11.6
0.87
<0.0001

Natural rainfall

k (102, d1)
DT50 (d)
R2
p

2.30  0.14
30.1
0.94
<0.0001

3.10  0.24
22.4
0.91
<0.0001

3.24  0.25
21.4
0.90
<0.0001
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smaller than 3256  691 ng for the second one. The increased
pesticide runoff loss during the second rainfall was primarily
attributed to the much larger runoff volume collected,
because pesticide EMCs were often similar between the two
rainfall events. For instance, for the September treatment,
runoff EMCs of bifenthrin following the first and second
rainfalls were 14.0  5.1 and 16.0  2.4 mg/L, respectively. This
observation showed that the rainfall intensity did not necessarily influence pesticide transferability from concrete. The
lack of variation in pesticide levels between the first and
second rainfalls further highlighted the role of concrete
surfaces as a reservoir of pesticide residues, contributing to
sustained contamination of urban runoff through recurring
rainfall events.

4.

Conclusions

This study showed that the transferability of pyrethroid residues to runoff water after applications on concrete was initially
high, but decreased quickly over time. However, runoff from
concrete contaminated by low levels of pyrethroid residues was
also observed for an extended duration of time. For concrete
slabs repeatedly subjected to simulated precipitations, pyrethroid residues were found in runoff even after 3 months of
exposure to outdoor summer conditions, and pyrethroids could
be found in rain-induced runoff after more than 7 months.
Precipitation intensities and concrete surface conditions did
not appear to greatly affect the runoff transferability of pyrethroid residues from concrete. Findings from this study validated, under more realistic field conditions, the conclusions
previously derived from bench-scale studies. The initial high
transferability would suggest that water contact with freshly
treated concrete surfaces should be prevented (e.g., no pesticide treatment before pressure washing of concrete, no
perimeter pesticide treatments on concrete around lawns with
impending irrigation events), and that pesticides should not be
applied before a rain event. The long persistence of transferable
pesticide residues on the concrete implies that pesticide
treatments made early in the year can be a significant source for
contamination of rain-induced runoff in the winter months.
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