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Demographics, practices and water quality from domestic
potable rainwater harvesting systems
Bonnie Stump, Matthew McBroom and Ray Darville

ABSTRACT
In semi-arid regions experiencing rapid population growth, rainwater harvesting is becoming
increasingly important. Roof-collected rainwater is the exclusive water source for many households
worldwide. Improper collection, storage or treatment of rainwater can result in adverse health
effects. This study surveys rainwater harvesting practices and examines water quality from these
systems. At 36 households, stored ‘pre-ﬁltration’ rainwater and ‘post-ﬁltration’ water from the
kitchen faucet used for drinking and cooking were sampled. Rainwater harvesters desire to conserve
water and believe that rainwater is more healthful than surface or groundwater. Almost 95% of
homeowners use ﬁltration and puriﬁcation devices, but 64% have never tested their water. Coliform

Bonnie Stump
University of Texas Health Science Center at Tyler,
Tyler,
TX 75708,
USA
Matthew McBroom (corresponding author)
Ray Darville
Stephen F. Austin State University,
Box 6109 SFA Station,
Nacogdoches,
TX 75962,
USA
E-mail: mcbroommatth@sfasu.edu

bacteria were not found in any post-ﬁltration water, but some pre-ﬁltration water samples were high
in total heterotrophic bacteria. Lead levels exceeded the United States Environmental Protection
Agency (USEPA) standard of 15 μg L–1 in 25% of pre-ﬁltration samples and 6% of post-ﬁltration
samples. First-ﬂush diversion devices signiﬁcantly decreased the likelihood of pre-ﬁltration lead
levels above 15 μg L1. Aluminium, copper and iron exceeded USEPA recommended levels in a small
percentage of homes. Although water from roof-collected rainwater harvesting systems was
generally within drinking water standards, regular testing should be encouraged to avoid potential
health problems.
Key words

| bacteria, heavy metals, lead, potable rainwater, rainwater harvesting, roof-collected
rainwater

‘Make you every man a cistern in his house…’

rural residents are discovering that rooftop rainwater harvesting can provide abundant, high-quality water for household

King Mesha of Moab, 850

BC

(Lars )

use for less than the cost of a new well, especially as new
wells are required to go ever deeper due to dropping water

INTRODUCTION

tables. Users often prefer the taste and softness of rainwater
to the limestone-saturated or high total dissolved solids

After decades of limited interest, rooftop rainwater harvesting

(TDS) sometimes found in well water (TWDB ).

is making a comeback in Texas, USA, as in other arid and

A typical potable rainwater system in central Texas

semi-arid regions of North America. The Texas Water Devel-

requires adequate roof area, extensive guttering and a large

opment Board predicts that even as population doubles

storage tank, usually greater than 18,927 L, to take advan-

between the years 2000 and 2060 in Texas, existing water

tage of infrequent heavy rains and to provide adequate

supplies will actually decrease about 18% due to accumu-

water supply for dry spells that can last three to four

lation of sediments in lakes and the depletion of aquifers

months (TWDB ). Mean annual rainfall for Austin,

(TWDB ). The drought of 2009 forced many cities to

Texas, is 84 cm with an annual average of 84 days with pre-

impose strict water use restrictions as reservoirs and aquifers

cipitation (TWDB ). Metal is the most common rooﬁng

reached alarmingly low levels. In response to water shortages,

material, with either aluminium or vinyl gutters. The

doi: 10.2166/aqua.2012.007
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majority of systems include appliances for ﬁltration (sand

ﬂashing material. Magyar et al. () found that lead ﬂash-

and/or carbon ﬁlters) and disinfection (ultraviolet light or

ings contributed the majority of the lead content in the

chlorination) of water entering the house.

collected water. Another Australian study of 26 residential

In addition to contaminants that may be present in rain-

tanks found that 14.2% exceeded the ADWG of 10 μg L1

fall, the process of collection and storage offers multiple

(Huston et al. ). This study included measurements of

opportunities for contamination. Previous studies in inter-

bulk deposition of lead on the rooﬁng material and con-

national locations have demonstrated that roof-collected

cluded that atmospheric deposition was not the major

rainwater may become microbiologically contaminated with

source of lead in the collected water. Kus et al. (a)

pathogens such as Salmonella, Campylobacter, Pseudomo-

sampled 10 domestic rainwater tanks in the Sydney, Austra-

nas, Clostridium botulinum, Echinococcus granulosus,

lia, area and found that six exceeded ADWG standards at

Giardia lamblia and Cryptosporidium parvum (Yaziz et al.

least some of the time, with some values reaching 67 μg

; Lye , ; Meera & Ahammed ). These patho-

L1. A related study by the same authors analyzed the

gens are thought to enter the rainwater as it passes over the

effect of ﬁrst-ﬂush devices on lead content of rainwater.

roof and through the gutters, picking up bird and other

First-ﬂush devices divert the ﬁrst few millimetres of rainfall,

animal feces (Meera & Ahammed ). Ozonation and

and the majority of rooftop debris, away from the storage

ultraviolet light are the puriﬁcation technologies most com-

tank. They found that it was necessary to divert 5 mm of rain-

monly used by Texas rainwater harvesters (TWDB ).

fall to meet ADWG standards for lead content; diverting only

Chlorination is unpopular among rainwater harvesters, pri-

2 mm of rainfall was not adequate (Kus et al. b). This

marily because of objections to the taste and smell of

ﬁnding would imply that atmospheric deposition of lead

chlorine in drinking water in addition to concerns about

may indeed play a role in lead contamination.

potential health effects of disinfection byproducts such as tri-

A larger study of 125 potable rainwater collection systems

halomethanes. Chlorination is also ineffective against cysts of

in Auckland, New Zealand, demonstrated that over 14% of

Cryptosporidium and Giardia (Fayer et al. ).

sampled households had lead levels above 10 μg L1 at

Another potential contaminant of roof-collected rain-

the kitchen cold water faucet (Simmons et al. ). These

water is lead, which can leach from lead ﬂashings

investigators found that systems with a pH <6.5 were 3.95

surrounding chimneys and vent pipes or from plumbing

times more likely to have elevated lead levels than those in

within the house. Atmospheric deposition can also be a

which the pH was 6.5, consistent with the relationship

source of lead on rooftops. Elevated levels of lead in drink-

between lower pH values and higher metal solubility.

ing water are of serious concern because lead is known to

A study of 32 experimental roofs in Nacogdoches, Texas,

cause neurocognitive impairment of developing children,

found lead levels from roof runoff during 31 storm events up

even at very low concentrations (Mushak et al. ; Can-

to 700 μg L1, even though median lead levels were below the

field et al. ; Lidsky & Schneider ). Lead

detection limit of 25 μg L1 (Chang et al. ). The highest

intoxication is also associated with reproductive failure

lead levels were collected off a wood shingle roof, but all

in women of child-bearing age (Hertz-Picciotto ;

roof materials (composition shingles, aluminium and galva-

Lamadrid-Figueroa et al. ) and at high levels can

nized iron) occasionally produced lead levels from 134 to

cause abdominal pain, hypertension, decreased renal func-

255 μg L1, well above the USEPA maximum contaminant

tion and impaired fertility in adults (ATSDR ).

level of 15 μg L1. Even rainwater not exposed to rooﬁng

A study from Australia found that 33% of 49 urban resi-

material produced one sample containing 116 μg L1. Similar

dential rainwater tanks sampled had lead concentrations

results were reported by Chang & Crowley (). A German

exceeding

Guidelines

study of ﬁve rooftops discovered lead levels up to a maximum

with a maximum concentration

of 310 μg L1 (Forster ). Studies in France and Switzer-

of 350 μg L1 (Magyar et al. ). In that study, roof

land have also found that rainwater occasionally contains

materials included glazed tile, pre-painted steel and alu-

lead levels above the USEPA maximum contaminant level

minium-zinc coated steel, both with and without lead

of 15 μg L1 (Meera & Ahammed ).

the

Australia
1

(ADWG) limit of 10 μg L

Drinking

Water
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Other metals like copper, zinc, arsenic and aluminium

storage tank, or from a faucet located between the tank

can be associated with signiﬁcant health risks as well.

and the puriﬁcation system. A ‘post-ﬁltration’ sample was

Chang et al. () found that rainwater concentrations of

taken from the kitchen cold water faucet that the family

copper and zinc can violate water quality standards in east-

used for cooking and drinking water.

ern Texas, with no signiﬁcant differences between rainwater

All samples were tested for alkalinity, hardness, total

and roof runoff concentrations. Furthermore, new roofs

and free chlorine, nitrates and nitrites using Hach 5-in-1

often have signiﬁcantly higher concentrations than older

Water Quality Test Strips. Conductivity and TDS were deter-

ones (Chang et al. ).

mined by a Hach Sension 156 Multiparameter meter, and

The purpose of this study is to survey demographics, atti-

pH was determined by an EcoTester pH2. Qualitative bac-

tudes and actual practices regarding water collection and

teriological testing was also done. Each sample was

puriﬁcation among Texas rainwater harvesters, and to

inoculated onto a Hach paddle tester for total bacteria and

sample the water quality in these systems, both before and

total coliforms and incubated at 35 C for 24 hours. A

after treatment. Special attention is paid to the presence of

500 mL aliquot of each sample, preserved with 1 mL of

lead contamination with comparisons to EPA drinking

nitric acid at time of collection, was analyzed for lead,

water standards.

zinc, copper, iron, arsenic and aluminium at the Soil,

W

Plant, and Water Analysis Laboratory at Stephen F. Austin
University in Nacogdoches, Texas, using approved analyti-

MATERIALS AND METHODS

cal

methods

(APHA

).

Lead

and

arsenic

concentrations were determined using atomic absorption
Survey of demographics and practices

spectroscopy on a Perkin Elmer Analyst Model 700 with
graphite furnace. Copper, iron, zinc and aluminium were

Thirty-six study households were recruited from the Texas

analyzed by inductively coupled plasma emission spec-

Rainwater Catchment Association and their associates to

troscopy on a Thermo XSP Intrepid. Water samples

participate in this study (Figure 1). This number of house-

analyzed for metals were sampled within 30 days to meet

holds

established hold time requirements.

and

their

geographic

distribution

provided

a

reasonable representation of rainwater catchment systems

Water quality testing is not required in the state of Texas

in this region. Participants were required to have a rainwater

for individual domestic water wells or rainwater collection

collection system that was intended for the production of

systems. Survey results were strictly conﬁdential. All partici-

potable water for indoor household use. The owner of

pants were informed of their own results.

each system ﬁlled out a short questionnaire about the
number of people in the household (including the number

Data analysis

of women of reproductive age and children, the most vulnerable population for lead toxicity), the age of the system, the

Survey results were tallied and percentages were calculated

composition of rooﬁng material, gutters and tanks, the

for each question. Water quality and heavy metal result dis-

method of puriﬁcation used and the reasons for using rain-

tributions were analyzed for normality by one-sample

water rather than some other source of water. Participants

Kolmogorov-Smirnov test, SPSS statistical software, version

were also queried about how often they maintained their

PASW Statistics 18. Filtration effectiveness for each variable

water puriﬁcation devices and how frequently their water

was evaluated by comparing pre- and post-ﬁltration values

was tested by a laboratory.

using the non-parametric related pairs Wilcoxon signed
ranks test. Normally distributed water quality results were

Water quality testing

tested for relationship to various system components (roof
type, ﬁrst ﬂush, etc.) by independent samples T-test. Non-

After completion of the survey, a ‘pre-ﬁltration’ water

parametric distributions were tested by independent

sample was collected either directly from the rainwater

samples Mann-Whitney U test.
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Map of locations where household roof rainwater catchment systems were sampled and lead concentrations (ppb) in central Texas, USA.

RESULTS

rainwater system was inﬂuenced by their concern for
water resources. Seventy-ﬁve percent believed that rain-

Survey of demographics and practices

water is healthier than either well water or municipal
water supplies. Forty-four percent of households stated

Participants in this study were found to be highly motivated

that one factor in the decision to purchase a rainwater

conservationists, with 89% agreeing or strongly agreeing

system was that rainwater collection was the least expensive

with the statement that their decision to install a potable

way to get potable water into the home.
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In terms of demographics, the majority of the house-

capacity ranged from 9,463 to 189,270 L with a median

holds had only one or two members and no children

capacity of 75,708 L. For 20 of the surveyed households

present in the home (75%) (Figure 2). Only nine households

(56%), the rainwater system was the only source of water

(25%) included children under the age of 17. Twenty-two

for the household. Fifteen homes also had a well on the

percent of households included at least one female aged

property as a secondary source of water. Only two homes

15–45. These numbers are fairly consistent with overall

had municipal water available to their location but neither

Texas demographics, with an average household size of

had elected to use it. Twenty-one systems (58%) had some

2.74 people per residence and 27% of the population

sort of ﬁrst-ﬂush device to allow the ﬁrst, and presumably

being below the age of 18 (US Census Bureau ).

dirtiest, water off the roof during a rain event to be diverted

When collection systems were analyzed, it was found

away from the storage tank. Some of these ﬁrst-ﬂush devices

that 29 of the 36 surveyed homes (81%) had been speciﬁ-

diverted less than the recommended volume of 76 L per

cally designed and built to include a potable rainwater

93 m2 of roof area (TWDB ).

system. Systems tended to be relatively new, with eight sys-

In terms of water puriﬁcation, 30 systems (83%) puriﬁed

tems that were less than 2 years old and 22 installed

the water with an ultraviolet light appliance preceded by a

between 2000 and 2007. Only six systems were installed

series of ﬁlters. There was much variation in the kind of ﬁl-

prior to the year 2000. Metal was the dominant rooﬁng

ters used, but most began at approximately 25 microns and

material, with 32 homes having metal roofs (of which 18

decreased to a mesh of 3–5 microns. Four homes used an

were Galvalume, a 55% aluminium-zinc alloy coated sheet

ozone generator in the storage tank followed by ﬁltration

steel (Galvalume )); three had composite shingles and

at the point of entry to the house. Only two systems had

one was clay tile (Figure 3). Storage tanks were of various

no method of puriﬁcation. The owner of one system without

types, primarily ﬁbreglass, polypropylene, steel and ferroce-

puriﬁcation was planning to install an ultraviolet light and

ment (a cement structure built over a mesh skeleton of

was not yet actually drinking his water, and the other was

steel). Wood, steel and concrete tanks were lined with

content to use water from the tank without any formal

food grade liners. Only one tank was underground. Storage

method of puriﬁcation. Eighty-one percent of households

Figure 2

|

Household demographics for survey respondents from roof rainwater catchment survey and water quality analysis in central Texas, USA survey.
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Percentage of survey respondents that have conducted water quality test from
household roof rainwater catchment systems in central Texas, USA survey.

replaced, repaired or otherwise maintained their ﬁlters at

deliberately raise the pH to prevent corrosion of copper

least every 6 months, but 19% only did so every 6–12

plumbing. TDS in pre-ﬁltration water was decreased by
the presence of a ﬁrst-ﬂush diversion device ( p < 0.01 on

months, or even less often than every year.
One ﬁnding that would cause concern was that

independent samples T-test).

drinking water from a majority (64%) of households had
never been tested for any contaminants, even though
state

and

federal

environmental

agencies

and

Bacteriological water quality

the

American Rainwater Catchment Systems Association all
recommend periodic testing for coliform bacteria as a
minimum level of surveillance (TWDB ; Figure 4).
Water from only six homes had been tested more than
once.

No household with a functioning puriﬁcation system had
any growth of total coliforms on the post-ﬁltration sample.
In fact, 92% of households had no growth of total coliforms
even from the pre-ﬁltration sample. Total bacteria, also
known as heterotrophic plate count (HPC), in the preﬁltration samples ranged from no growth to exceedingly

Water quality

heavy growth on the cultures used in this survey. Seven
homes exceeded the USEPA recommendation for bacterial

No chlorine was detected in any water sample. No house-

content in drinking water of 500 colonies/mL in the tank

hold exceeded recommended levels of nitrates or nitrites.

water. There was no signiﬁcant relationship between the

Low alkalinity, hardness and conductivity were consistent

presence or absence of a ﬁrst-ﬂush device with the quantity

with expected values for rainwater in almost all cases

of bacteria in the collection tank. Roof type was also

(Table 1). In the few instances in which the water was

unrelated to bacteria in the tank. Filtration/puriﬁcation sig-

found to be unexpectedly high in solutes, an explanation

niﬁcantly decreased bacterial content compared to pre-

was usually discovered. One household occasionally ran

ﬁltration samples by related samples Wilcoxon signed

well water into the house if they expected excessive use

ranks test (p < 0.0005). No home exceeded an HPC of 500

of water, and another added sodium bicarbonate to

colonies/mL in the post-ﬁltration water.
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Descriptive statistics from pre- and post-ﬁltration water quality parameters from roof rainwater collection systems in Texas
Number (%) of samples >EPA standard

EPA recommended

0 (0%)
1 (2.9%)

6.5–8.5

120.0
240.0

NA
NA

NA

0.0
0.0

120.0
120.0

NA
NA

NA

0
0

0.0
0.0

0.0
0.0

0 (0%)
0 (0%)

4 mg L–1

Pre
Post

0.2
0.3

0.0
0.0

0.5
5.0

0 (0%)
0 (0%)

10 mg L–1

Pre
Post

0
0

0.0
0.0

0.0
0.0

0 (0%)
0 (0%)

1 mg L–1

Conductivity μSiemens/cm

Pre
Post

42.4
110.4

29.2
44.6

212.0
1329.0

Total dissolved solids mg L1

Pre
Post

19.8
53.1

13.4
20.8

101.0
657.0

Parameter

Filtration

pH

Pre
Post

6.7
6.9

6.7
6.9

7.7
9.0

Alkalinity (CaCO3) mg L1

Pre
Post

23.9
43.7

20.0
20.0

Hardness (CaCO3) mg L1

Pre
Post

19.3
21.7

Total chlorine mg L1

Pre
Post

Nitrates mg L1
Nitrites mg L1
a

a

Mean

Median

Maximum

NA
NA
<500 mg L1

0 (0%)
1 (2.9%)

NA ¼ not applicable.
a
Mean values bold and underlined were signiﬁcantly higher post-ﬁltration at α ¼ 0.05 using the related samples Wilcoxon signed ranks test.

Lead concentrations

exceeding the stricter World Health Organization (WHO)
guideline of 10 μg L1. Post-ﬁltration values ranged from

Lead levels in pre-ﬁltration water samples ranged from
1

undetected (<0.26 μg L1) to 20.7 μg L1, with two house-

with a median of

holds (6%) exceeding 15 μg L1. While the median post-

1.35 μg L–1 (Table 2). Nine households (25%) exceeded

ﬁltration level (2.1 μg L1) was slightly higher than the

undetected (<0.5 μg L ) to 181.8 μg L

1

the USEPA maximum contaminant level of 15 μg L

1

on

pre-ﬁltration median, the Wilcoxon signed ranks test for

the pre-ﬁltration sample and two additional homes

related samples revealed that there were no statistically

Table 2

|

Descriptive statistics from pre- and post-ﬁltration heavy metal concentrations (μg L1) from roof rainwater collection systems in Texas

Element

Filtration

Lead

Pre
Post

16.10
3.79

181.80
20.69

a

Pre
Post

48.30
261.60

637.10
2,842.00

Zinc

Pre
Post

441.90
381.00

a

Pre
Post

Arsenic
a

Copper

Aluminium

Iron

Mean

Maximum

Number (%) of samples >EPA standard

Limit of detection

15

0.26

0 (0%)
2 (6%)

1,000

5.70

1,980.00
1,726.00

0 (0%)
0 (0%)

5,000

0.60

56.40
17.00

797.40
136.70

2 (6%)
0 (0%)

200

16.20

Pre
Post

0.70
0.65

298.70
683.30

0 (0%)
0 (0%)

10

0.43

Pre
Post

96.00
48.30

1,135.00
922.90

2 (6%)
2 (6%)

300

3.00

a

9 (25%)
2 (6%)

EPA standard

Mean values bold and underlined were signiﬁcantly greater for pre- versus post-ﬁltration at α ¼ 0.05 using the related samples Wilcoxon signed ranks test.
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signiﬁcant differences between pre- and post-ﬁltration lead

secondary maximum contaminant level of 50–200 μg L1.

concentrations. However, the pre-ﬁltration samples were

Two systems exceeded 200 μg L1 on pre-ﬁltration samples

more likely to violate the USEPA drinking water standard

and none on post-ﬁltration samples. The highest aluminium

for lead. Furthermore, the use of a ﬁrst-ﬂush diversion

level was 797 μg L1 on a pre-ﬁltration sample. Aluminium

device was associated with signiﬁcantly lower concen-

levels were signiﬁcantly lower post-ﬁltration than pre-

trations, with pre-ﬁltration lead being more frequently

ﬁltration (p < 0.008).

1

below the USEPA recommended limit of 15 μg L

by

The USEPA recommends that iron content of drinking

Fisher’s exact test (p < 0.001). There was no statistical

water be less than 300 μg L1, but this recommendation is

relationship between roof or gutter composition (or even

based on taste and appearance rather than any particular

the presence of lead ﬂashings) and lead content of the water.

health effect. One home exceeded 300 μg L1 on both preand post-ﬁltration samples, another home on the preﬁltration sample only and a third home on the post-ﬁltration

Copper concentrations

sample (Table 2). All three had metal roofs. Mean iron
No household in this study exceeded the USEPA drinking

concentrations

water standard of 1,000 μg L1 copper in pre-ﬁltration

(p < 0.01).

were

signiﬁcantly

lower

post-ﬁltration

samples; however, two households exceeded that level in
post-ﬁltration samples (Table 2). The highest copper concentration measured was 2,840 μg L1. The median copper level

DISCUSSION

was much higher post-ﬁltration (39.8 μg L1) than it was preﬁltration (not detected, <5.7 μg L1). Wilcoxon Signed Rank

Rainwater harvesting from residential roofs can be an

test for related samples conﬁrmed that copper levels were

effective water conservation strategy (TWDB ). Not

higher post-ﬁltration (p < 0.01). Although this increase in

only is it a wise use of an increasingly scarce resource,

copper levels might be due to copper plumbing within the

but in 41% of surveyed households it was the least

house, the survey did not include a question about copper

costly water source available. Rainwater harvesting for

plumbing.

lawn and garden irrigation is fairly uncomplicated with
fewer potential health risks than with direct human con-

Concentrations of other metals

sumption. Rainwater harvesting for potable use requires

No sample obtained in this study exceeded the USEPA

contaminated with pathogens or toxins if collected and

secondary maximum contaminant level for zinc of

stored without this attention to detail. Water collected

5,000 mg L1. In fact the highest zinc level in any sample

from potable systems in this study was generally free of

better ﬁltration and disinfection. Rainwater can become

1

1

was 1,980 μg L . Median zinc level was 310 μg L

pre-

bacteria. However, extremely high growth of total bacteria

ﬁltration and 270 μg L1 post-ﬁltration and mean values

(HPC) did exist in a few tanks. Although there are no

were not signiﬁcantly different (Table 2).

adverse health effects directly associated with a high

All arsenic levels were also below the USEPA maximum
1

HPC per se, the USEPA recommends no more than 500

contaminant level of 10 μg L . The highest arsenic level

colonies per millilitre in drinking water. To illustrate the

was 6.8 μg L1 on a post-ﬁltration sample. Arsenic was

range of HPC that humans routinely consume, the US

1

undetectable (<0.43 μg L ) in 69 and 74% of pre- and

Department of Health allows pasteurized milk to have

post-ﬁltration samples, respectively. Pre- and post-ﬁltration

up to 20,000 colonies per millilitre (USFDA ). The

levels were not signiﬁcantly different (Table 2).

USEPA describes the HPC as measuring ‘a range of bac-

Median levels of aluminium were also very low. Fifty-

teria that are naturally present in the environment’ and

three percent of pre-ﬁltration samples had undetectable

states that the ‘lower the concentration of bacteria in

levels (<5.7 μg L1) of aluminium, as did 86% of post-

drinking water, the better maintained the water system

ﬁltration samples (Table 2). The USEPA gives aluminium a

is’ (USEPA ).
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As rainwater harvesting gains in popularity, systems

(181.8 μg L1 pre-ﬁltration and 20.7 μg L1 post-ﬁltration)

could be purchased by consumers who may not be as well

had no known lead on the roof. Additional rainwater

informed of potential hazards and may be installed with

samples from two gutter downspouts obtained during a

less attention to detail. The American Rainwater Catchment

rain event were submitted to a separate laboratory and

Systems Association recommends that, prior to placing a

were negative for lead, as was water drawn directly from

system into service, water should be tested for E. coli, total

both storage tanks. Water obtained from a PEX pipe run-

coliform and HPC at a minimum. They also recommend

ning underground from the storage tank to the pump

subsequent, periodic testing (Boulware ). From a practi-

house (where the puriﬁcation system was housed) contained

cal standpoint, more extensive bacteriological testing will

59 μg L1 lead. This ﬁnding would imply that the source of

also be required by the Texas Commission for Environ-

lead contamination is somewhere in that pipe, but the

mental Quality (TCEQ) if potable rainwater systems are to

owner knows of no lead-containing ﬁxtures in that part of

expand from individual homes to public buildings.

the plumbing. Possibly there is a small leaded ﬁtting or

Lead contamination is also a potential hazard with roof-

some non-code solder in that length of pipe. Plumbing

collected rainwater. This study demonstrates that lead levels

ﬁxtures that might not leach lead under normal circum-

greater than USEPA standards are possible even in homes

stances could leach higher quantities under the low pH,

that were speciﬁcally designed for rainwater harvesting

low hardness conditions that exist in a rainwater system,

and that attempted to avoid the inclusion of lead-containing

as was noted by Simmons et al. (). This leaching effect

ﬁxtures. The source of the lead contamination could not be

is another potential area of further research.

determined by this study design. Of the three participants

An important question needing further research is

who had known lead ﬂashings on the roof, only one had

whether a lead level of 15–20 μg L1 has any signiﬁcant

an elevated lead level in pre-ﬁltration water, and none of

health effects in the long term. Although municipal water

the three had an elevated level after ﬁltration. The associ-

departments are required to keep lead levels below 15 μg L1

ation of ﬁrst-ﬂush devices with lowered pre-ﬁltration lead

as water leaves the treatment plant, the USEPA estimates

concentrations is an interesting ﬁnding. If diverting the

that 20% of the American population is currently using drink-

ﬁrst water from the roof during a rain event decreases the

ing water that contains greater than 20 μg L1, because of

lead content in the collected water, atmospheric deposition

leaching from lead service pipes and household plumbing ﬁx-

is implied as the possible source of the lead. There were four

tures (Landrigan ). An intake of 5 μg lead per kilogram of

homes that could be considered outliers for pre-ﬁltration

body weight per day has been demonstrated to cause accumu-

lead. These homes had lead levels ranging from 44 to

lation of lead in a child (Shannon ). A 4 kg child drinking

in pre-ﬁltration water, and none of these four

1 L of formula made with rainwater containing 20 μg L1

had ﬁrst-ﬂush devices. It is possible that this skewing of

would achieve this intake, but an adult would have to drink

pre-ﬁltration lead levels skewed statistical analyses. Since

more than 12 L daily to accumulate lead from rainwater at

the presence or absence of a ﬁrst ﬂush device was the only

this low concentration. Although lead concentrations slightly

182 μg L

1

variable that had a statistically signiﬁcant association to

above the established water quality standard observed in post-

pre-ﬁltration lead levels, additional studies should be able

ﬁltration water in this study would be unlikely to harm adults,

to identify increased lead in the diverted water if atmos-

they could potentially be harmful to young children. Other

pheric deposition is indeed the source.

metals like copper, zinc, aluminium and arsenic were gener-

Brass plumbing ﬁxtures are allowed to contain up to 8%
lead, and are allowed to leach up to 11 μg L

1

ally within drinking water standards.

even under

NSF/ANSI standard 61 (NSF ), so brass ﬁxtures might
be responsible for some of the elevated lead levels.

CONCLUSIONS

The use of brass ﬁxtures inside the houses might explain
the increase of the median lead level after ﬁltration. The par-

Current practices of rainwater harvesting and puriﬁcation

ticipant in this study who had the highest level of lead

appear to produce potable water generally within the
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range of USEPA drinking water standards. All systems sur-

and TIOSH, Texas Institute of Occupational Safety and

veyed in this study met recommended criteria for

Health and the SFASU WET Center.

bacteriological purity, even though surveillance practices
were sometimes less than optimal. Lead contamination is
a potential hazard, and further studies are indicated to elucidate the source of contamination and devise methods to
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