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First Flush of Stormwater
Pollutants Investigated in Texas

inthe early 1970s. Runoff sampling methods

of this erarequired the collection of multiple
flow and water quality samples over the duration of a
storm event. Asresearchersexamined monitoring data
during storms, they discovered that pollutant concen-
trationstended to be much higher at the beginning of a
storm compared to the middle or the end of the event.

It was reasoned that the store of pollutantsthat had
accumulated on paved surfacein dry weather quickly
washed off during thebeginning of thestorm. Although
runoff ratesweregreater at themiddle and tail end of a
storm, thestoreof pollutantsavailablefor washoff was
depl eted, and consequently theconcentration of pollut-
ants declined.

Stormwater managersqui ckly graspedthepractical
significance of the first flush phenomenon. If most of
the urban pollutant load was transported in the begin-
ning of astorm, then amuch smaller volume of runoff
storage would be needed to treat and remove urban
pollutants. After further monitoring and modeling, the
half inchrulewasadvanced. Essentially, therulestated
that 90% of the annual stormwater pollutant load was
transported in the first half inch of runoff.

Many communitiesadopted thissimplestandard as
the basis for providing water quality control in devel-
oping areas. size your stormwater practice to capture
thefirst half inchof runoff, andyouwill treat 90% of the
annual pollutant|oad. Other communitiesmodifiedthe
treatment standard further, by requiring that stormwa-
ter practices only capture the first half inch of runoff
produced from impervious areas of the site.

With the advent of sophisticated automated sam-
pling equipment to measure stormwater runoff in the
1980s, entire storm events could be represented by a
single composite sample-known as the event mean
concentration (EM C). Oneconsequenceof thistechno-
logical advance was that researchers were no longer
analyzing multiple samples during storms, and there-
fore, could not examine the behavior of pollutant
concentrationsduringindividual stormevents. Further
research into the first flush waned, and the half-inch
rule became somewhat an article of faith in the storm-
water community.

Recent analysishby Changand hiscolleagues(1990),
however, suggeststhat boththefirst flush phenomenon

T heconcept of thefirst flushwasfirst advanced

and the half-inch rule may not alwayshold true. Chang
analyzed pollutant concentration data from over 160
storm eventsat seven urban runoff monitoring stations
operated by the City of Austin, Texas from 1984 to
1988. The entire dataset was divided into different
runoff increments(0to0.1inch, 0.11to0.2inchand so
on). For purposesof hisanalysis, Chang conservatively
defined the first flush as the first tenth of an inch of
runoff. The pollutant concentration during the first
flushwasthen compared to thepollutant concentration
during the entire runoff event (EMC).

The results of the analysis are shown in Table 1.
Shaded cellsin the table indicate situations where the
first flush phenomena did not occur (i.e., the storm
EM Ceither greater thanor equal to90% of thefirst flush
concentration). As can be seen, thefirst flush effect is
most pronounced for sitesthat are highly impervious-
ness, butismuchweaker at lower level sof impervious-
ness (five to 30%). For certain pollutants, such as
nitrate, copper, ortho-phosphorus, bacteria and sedi-
ment, thefirst flush phenomenaeffectisweak or absent
altogether.

If thefirst flush effect isnot asstrong and universal
as previously thought, should it still be used asabasis
for determining the volume of stormwater treatment?
To answer this question, Chang performed additional
modeling to determine the proportion of the annual
pollutant | oad that woul d becaptured under thehalf-inch
rule (Table 2).

The analysis does suggest that the half-inch rule
workseffectively for siteswith lessthan 50% impervi-
ouscover for most of the stormwater pollutants exam-
ined. However, abovethisthreshold, therateof pollut-
ant load capture drops off sharply. On average, only
78% of the annual pollutant load is captured for sites
with 70% impervious cover, and amere 64% for sites
with 90% impervious cover.

To put these results into perspective, consider a
stormwater practicedesigned under thehalf inchruleon
a90% impervioussite. Further, assumethat the storm-
water practice removes on average 50% of the pollut-
antsthat it captures. The net annual pollutant removal
rate for the stormwater practice, however, would only
amount to 32% since a large fraction of the annual
pollutant load is never captured by the practice. The
clear designimplicationisthat thehalf-inch ssormwater
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