Water Quality of Rooftop Runoff:
Implications for Residential Water Harvesting Systems
The presence of various pollutants in rooftop runoff establishes a need for some
general guidelines, discussed in this publication, regarding the use of collected rainwater in North Carolina.
Much of the southeastern United States,
including North Carolina, experienced
moderate to severe drought throughout
2007, 2008, and 2009. Thus, water harvesting systems, including rain barrels
and cisterns, have become very popular
among N.C. residents as ways to conserve potable water and help reduce the
impact of restrictions on outdoor water
use. Cisterns collect and store rainwater
that drains from roofs. The harvested
water can be used for irrigation, veKLFOHZDVKLQJWRLOHWÀXVKLQJDQGRWKHU
nonpotable (nondrinking water) uses.
(For more information on water harvesting systems, see Rainwater Harvesting:
Guidance for Homeowners, publication
number AGW-588-11 in the Urban Waterways series.) Many homeowners use
harvested water to irrigate edible plants
and vegetable gardens, thereby raising questions regarding the cleanliness
of roof runoff. Although runoff from
roof surfaces is much cleaner than most
stormwater runoff, it is not completely
free of potentially harmful contaminants.
Primary substances of concern in
roof runoff include heavy metals, polycyclic aromatic hydrocarbons (PAHs),
microbes, pathogens, and pesticides.
,QDUHDVRIKHDY\WUDI¿FDQGLQGXVWU\

dust and particulate matter from vehicle
exhaust and the burning of fossil fuels
can collect on roof surfaces, producing
elevated PAH levels in runoff. Birds,
insects, and small mammals deposit
fecal matter on rooftops and in gutters,
contributing bacteria and pathogens
to runoff. On metal roofs, water can

Figure 1. A rainwater harvesting system being used for watering flowerbeds

react with the roof surface and adsorb metals, such as zinc, copper, and
aluminum, especially where acid rain
is prevalent. Roofs with wooden or asphalt shingles can increase concentrations of chemicals used for waterproofing and weathering treatments.

Pesticides have also been detected in roof runoff. Their presence is attributed to atmospheric
deposition and precipitation. Finally, the herbicides
FRPPRQO\XVHGLQURR¿QJPDWHULDOVWRSUHYHQWURRW
SHQHWUDWLRQRIWHQOHDFKLQWRZDWHUDVLWÀRZVDFURVVD
roof surface. Experimental studies have been conducted worldwide to test the quality of rainwater
that drains off roof surfaces. However, few of these
studies were conducted in the United States. Differences in roof materials, construction regulations,
and rainwater composition may lead to discrepancies between international study results and U.S.
conditions. This preliminary assessment of rooftop
runoff in North Carolina refers to studies conducted
within the United States. Table 1 summarizes average concentrations of common roof runoff pollutants
from six studies conducted in the United States that
involved a wide array of roof types and land uses. In
two of the studies, researchers also tested rainwater
to determine the concentration of each constituent in
rainfall before it touched the roof.

ROOF RUNOFF FOR NONPOTABLE USES
As indicated in Table 1, regardless of roof type, the
following constituents have been shown to exceed
the freshwater standards for Class C waters developed by the N.C. Department of Environment and
Natural Resources (N.C. DENR): copper (Cu), chromium (Cr), cadmium (Cd), lead (Pb), zinc (Zn), fecal coliforms (FC), and pH. Class C waters have the
following designated uses: propagation and protecWLRQIRUDTXDWLFOLIHDJULFXOWXUHDQG¿VKFRQVXPStion and secondary recreation by humans, including
ERDWLQJ¿VKLQJDQGZDGLQJ7KHVHGHVLJQDWHGXVHV
allow for human contact but do not include drinking
or activities that could allow for ingestion (such as
swimming).
Most of the metals (Cu, Cr, Cd, Pb) detected in
rooftop runoff are also detected in rainwater that has
yet to contact the rooftop. As such, these contaminants are unlikely to result in intolerable residues in
edible plants, fruits, and vegetables, especially when
they bind with soil particles and organic matter on the
ground; however, Table 1 indicates zinc concentrations in rooftop runoff are substantially higher than
those in rainwater. High concentrations of zinc in runoff can cause an accumulation of zinc in soils when
harvested water is used for irrigation. Elevated levels
of zinc in soils may lead to phytotoxicity (the poisoning of plants), which is a concern when portions of
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plants will be consumed. Regular soil testing should
be performed in areas where edible plants are grown
and irrigated with cistern water. Soil test results will
indicate if zinc concentrations are high enough to
harm plants. If this occurs, it is recommended that
plants within the affected area not be consumed. See
A Gardener’s Guide to Soil Testing (AG-614) for
more information regarding soil testing.
In several studies, the measured concentrations of
total phosphorus and total nitrogen in rooftop runoff
have been comparable to samples of rainfall before
roof contact. Therefore, it is assumed that harvested
rooftop runoff in a given area has no more risks or
EHQH¿WVWRKXPDQRUSODQWKHDOWKWKDQQDWXUDOUDLQIDOO
in the same area.
All N.C. DENR standards shown in Table 1,
H[FHSWWKHVWDQGDUGIRUIHFDOFROLIRUPVUHÀHFWWKH
maximum allowable concentration required to protect aquatic life. Only the fecal coliform standard
has implications for human health in Class C waters.
Fecal coliforms do not make humans sick; however,
their presence in water indicates the probability that
other more harmful bacteria are also present. These
harmful bacteria can cause an open wound or cut to
become infected, or they can cause intestinal illness
if ingested. Limited research indicates that harvested
rainwater might have somewhat high bacteria concentrations. Any part of the body that comes into
contact with collected rainwater should be washed
thoroughly with warm soapy water to prevent bacterial infections and the transfer of bacteria to the
mouth or food. For more information on pathogens
in stormwater, see Removal of Pathogens in Stormwater (AG-588-16).

ROOF RUNOFF FOR POTABLE USES
Rooftop runoff has been shown to exceed U.S. EPA
drinking water standards for pH, fecal coliforms,
aluminum (Al), lead (Pb) and zinc (Zn). Aluminum,
zinc and pH are assigned secondary standards, which
serve as guidelines to minimize offensive odor, taste,
or aesthetic issues. “Secondary” contaminants do
not pose a risk to human health. Concentrations of
aluminum above the secondary standard may lead to
FRORUHGZDWHUDQGVWDLQLQJRI¿[WXUHV([FHVV]LQF
produces a strong metallic taste, and low pH levels
can lead to a metallic, bitter taste, possible corrosion
RISLSHVDQG¿[WXUHVRUERWK
As described in the previous section, the presence
of fecal coliforms indicates a probability that other
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Table 1. Average concentrations of common pollutants in rooftop runoff: pH, fecal coliform bacteria (FC), aluminum (Al), magnesium (Mg), manganese (Mn),
chromium (Cr), cadmium (Cd), copper (Cu), lead (Pb), iron (Fe), and zinc (Zn). Red values exceed N.C. DENR freshwater standards for the protection of aquatic
life; underlined values exceed U.S. EPA drinking water standards.

more harmful bacteria and pathogens occur in the
water. Ingesting these harmful bacteria and pathogens
can lead to a number of illnesses, including diarrhea,
pneumonia, and intestinal illness.
Lead is regulated by a primary standard, meaning
it is harmful to humans above a certain concentration
when ingested. Drinking water with lead concentrations higher than the U.S. EPA standard can lead to
high blood pressure in adults. Infants and children can
experience delays in physical or mental development
and decreased learning abilities. Long-term effects
of drinking water with elevated lead levels include
stroke, kidney disease, and cancer. The majority of
studies (65 percent) presented in Table 1 reported lead
concentrations greater than the U.S. EPA drinking water standard. Due to the serious health consequences
of drinking lead-contaminated water, it is strongly
recommended that collected roof runoff not be
used for drinking or potable uses without proper
¿OWUDWLRQDQGWUHDWPHQW
Harvested rainwater may be used for potable uses
if it is appropriately treated. There are several methods of treating collected water; however, the most
FRPPRQLV¿OWUDWLRQDQGXOWUDYLROHWOLJKWGLVLQIHFWLRQ
$FRPELQDWLRQRIODUJHDQGVPDOOSRUH¿OWHUVZLWK
DPD[LPXP¿OWUDWLRQOHYHORIPLFURQVZLOOUHPRYH
particulate matter and most dissolved solids, includLQJOHDG$PD[LPXP¿OWUDWLRQOHYHORIPLFURQZLOO
remove particulate matter and dissolved solids, as
well as most parasites and bacteria.
 'LIIHUHQWW\SHVRI¿OWHUVH[LVWLQFOXGLQJVHGLPHQWFHUDPLFDQGDFWLYDWHGFDUERQ¿OWHUV(DFK
has their advantages and disadvantages. Homeowners should research each type to decide which is
most appropriate for the intended application of
harvested water. Ultraviolet light disinfection is
FRPPRQO\XVHGDVWKH¿QDOVWHSLQWKHSXUL¿FDWLRQ
process, as it removes some organic contaminants,
pathogens, and nuisance microorganisms. InformaWLRQDQGFRPSRQHQWVIRU¿OWUDWLRQV\VWHPVPD\EH
obtained at a local plumbing supply store. When
using harvested rainwater for potable uses within a
residential or commercial building, be aware of applicable plumbing codes and regulations as well as
necessary permits. If connecting nonpotable pipes
from a rainwater harvesting system to municipal and
RWKHUSRWDEOHZDWHUOLQHVEDFNÀRZSURWHFWLRQPXVW
be provided. Information about these requirements,
codes, and permits can be found at the local public
XWLOLWLHVRI¿FH
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CONCLUSIONS
Rainwater harvesting systems conserve water and
help with stormwater management. Their ease of use
DQGHFRQRPLFEHQH¿WVPDNHUDLQEDUUHOVDQGFLVWHUQV
popular among homeowners. Research conducted on
the quality of rooftop runoff leads to the following
recommendations for using collected rainwater:
Harvested rainwater can be safely used for nonpotable activities, such as irrigation, washing vehicles,
DQGÀXVKLQJWRLOHWV:DVKKDQGVDQGRWKHUERG\
parts with soap and treated water after coming into
contact with harvested rainwater to prevent bacterial
infections and transmission, particularly if harvested
rainwater contacts skin abrasions.
If collected water is used to irrigate edible plants,
wash the food thoroughly with treated water before
consuming any part of the plant to prevent the ingestion of potentially harmful bacteria. Drip irrigation, or
some other method of applying water to the soil rather
than the plant, might decrease the amount of bacteria
and pathogens present on the plant’s surface, although
this has not been documented.
Cistern water should NOT be used for drinking or
RWKHUSRWDEOHSXUSRVHVLILWLVQRW¿OWHUHGDQGGLVLQfected before use. Elevated concentrations of harmful
bacteria, pathogens, and lead can cause severe health
problems if untreated rooftop runoff is ingested.
As the accumulation of Zn in soils can lead to
phytotoxicity, soil testing should be performed in
areas being irrigated with cistern water where edible plants are grown. Test results will indicate if Zn
concentrations are elevated and pose a threat to plant
health. While harmful levels of Zn are not considered
likely, if such levels are discovered, do not eat vegetables grown in that soil.
Cisterns potentially can decrease the concentrations of constituents that bind to sediment particles,
as these particles settle out of the water and collect in
the tank’s bottom. Researchers are now studying the
extent to which these concentrations are improved.
As most of the contaminants detected in rooftop
runoff are also detected in rainwater that has not contacted the rooftop, it is unlikely that using harvested
rainwater for irrigation will lead to intolerable residues in edible plants, fruits, and vegetables. Further
UHVHDUFKLVEHLQJFRQGXFWHGWRFRQ¿UPWKLV
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