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“. . .We must also consider the qualities of the
waters, for as they differ from one another in taste
and weight, so also do they differ much in their
qualities. . .”—Hippocrates, On Airs, Waters and
Places.

The organised quest for providing humans with potable
water and high quality sanitation has its roots in Hippocratic
treatises and heralded the Miasma and Contagion eras of
modern Public Health post-1848 British Public Health Act.
The 2000 Millennium Development Goal Target 7c seeks
to reduce by half (from 24% to 12%), between 1990 and
2015, “the proportion of the population without sustainable
access to safe drinking water and basic sanitation.” While
current projections indicate that about 9% of the world’s
population (670 million people) will lack access to potable
water by 2015, the achievement of an aspect of this MDG
target does not adequately rectify several important problems
related to public health aspects of water quality. Similarly,
even if the MDG sanitation goal is met by 2015, at least
1.3 billion of currently estimated 2.5 billion people will
still be practicing open defecation and making themselves
and their neighbours vulnerable to faecal-oral transmission
of microbes and unaesthetic environments. Poor sanitation
contributes to 1.5 million child deaths every year.This special
issue explores many important dimensions of the nexus
between “old” public health priorities of water and sanitation
from a contemporary public health perspective.

D. Ferguson et al. compared the accuracy of the United
States’ EPA Method 1600 and Enterolert in measuring faecal
contamination of public beaches.They found Enterolert to be
superior in detecting nonenterococcus organisms as well as

for specific detection of E. faecalis in waste water specimens.
However, in species identification using culture techniques,
EPA Method 1600 was found to be superior—“Horses for
Courses.’’

Abdelzaher et al. offer policy options forUS Environmen-
tal Protection Agency’s efforts to develop new recreational
beaches’ monitoring guideline. They proposed a “Compre-
hensive Toolbox within an Approved Process” (CTBAP)
approach, which combines flexibility and consistency and
uses mainly human health endpoints of skin disorders and
gastrointestinal illness to assureminimum standards of beach
water profiles, protect the health of beach swimmers, and
limit “overconservatism,” which frequently results in unnec-
essary beach closures and economic losses.

R. Sauerheber explores the physiologic conditions (such
as calcium and pH levels) and systemic effects that of
ingested fluoride as well as the efficacy of ingested artificially
fluoridated water on dental caries prevention. His paper
highlights the important distinction that should be made
between naturally occurring fluoride (calcium fluoride CaF

2
)

found in water supplies and added fluoride compounds
(sodiumfluorideNaF andfluorosilicic acidH

2
SiF
6
). Artificial

water fluoridation is undertaken in a limited number of
countries (mainly the USA, Canada, Ireland, Australia, and
New Zealand) as a dental public health intervention aimed
at reducing tooth decay. It is a controversial public health
measure, and concerns about the effectiveness and safety of
fluoridation have been raised formany years [1–3].This paper
specifically examines the physiological effects of artificial
fluoridation and why concerns about harm are justified. The
analysis is based on a detailed review of the effect of fluorides
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on physiological functions. The paper sets this discussion
within the context of US regulations on the quality of water
and responsibilities of regulatory authorities. Sauerheber
concludes that there are harmful effects from adding artificial
fluoride compounds to water supplies, and in the light of
the lack of evidence on effectiveness for reducing dental
decay, there are no grounds for continuing policies that
force people to ingest fluoride through the consumption of
drinking water. Most analyses of fluoridation rarely focus
on detailed physiological analysis but rely on observational
epidemiological data to demonstrate effectiveness which are
rarely sensitive enough or examine potential issues of harm.
What is clear is that there are important and urgent questions
that public health authorities must address.

Berisha and Gossler conducted a large survey drinking
water quality in Kosovo for level of trace elements. The
authors highlighted the potential and ongoing adverse con-
sequences of poor monitoring of drinking water, such as
persistently raised levels of Arsenic, particularly from private
wells.

G. Carrosco-Turiges et al. examined the impact of boil-
ing and filtration modalities on trihalomethane disinfec-
tion by-products, some of which are carcinogenic. They
found that Bromine-containing trihalomethanes weremostly
eliminated when filtering, while chloroform- containing
trialomethanes were mostly eliminated by boiling.

K. Al-Bayatti et al. conducted that physicochemical and
bacteriological studies on water flowing into consumers’
homes form three major water purification stations within
Baghdad. They found inefficient purification systems, and
possible contamination in distribution system was evidenced
by total viable bacterial counts in water of the stations studied
of between 1–64CFU/100mL. In line with John Snow’s 1849–
1853 studies in London’s Soho district, the authors found that
high coliform counts in drinking water supplies correlated
closely with high rates of gastroenteritis among children
resident in these areas.

As the annual World Toilet Summit continues to grow in
profile and efficacy over the past 13 years in focusing on policy
makers’ attention to the unfinished business of sanitation,
and as the United Nations’ International Decade for Action
on “Water for Life—2005–2015” comes to an end, we hope
that readers and policy makers can learn from the findings
presented in this special issue to improve the quality of water
and sanitation and advance global public health.

Niyi Awofeso
Boo Kwa

Stephen Peckham
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EPA Method 1600 and Enterolert are used interchangeably to measure Enterococcus for fecal contamination of public beaches, but
the methods occasionally produce different results. Here we assess whether these differences are attributable to the selectivity for
certain species within the Enterococcus group. Both methods were used to obtain 1279 isolates from 17 environmental samples,
including influent and effluent of four wastewater treatment plants, ambient marine water from seven different beaches, and
freshwater urban runoff from two stream systems.The isolateswere identified to species level. Detection of non-Enterococcus species
was slightly higher using Enterolert (8.4%) than for EPAMethod 1600 (5.1%). E. faecalis and E. faecium, commonly associated with
human fecal waste, were predominant in wastewater; however, Enterolert had greater selectivity for E. faecalis, which was also
shown using a laboratory-created sample. The same species selectivity was not observed for most beach water and urban runoff
samples. These samples had relatively higher proportions of plant associated species, E. casseliflavus (18.5%) and E. mundtii (5.7%),
compared to wastewater, suggesting environmental inputs to beaches and runoff.The potential for species selectivity among water
testing methods should be considered when assessing the sanitary quality of beaches so that public health warnings are based on
indicators representative of fecal sources.

1. Introduction

EPA Method 1600 and Enterolert (IDEXX, Westbrook, ME,
USA) are two EPA-approved methods that are often used to
measure Enterococcus for recreational bathing water quality
assessments [1].Themethods have been used interchangeably
for (1) regulatory monitoring to detect possible fecal contam-
ination of water; (2) epidemiology studies to correlate swim-
mer’s illness rates with densities of Enterococci in water, and
(3) microbial source tracking studies to reduce fecal inputs to
protect public health. A number of studies have found that
these two methods generally produce comparable results [2–
5]. However, several authors have found that the results may
be markedly different [6–9].

There are several reasons, other than sample variability,
that may explain the inconsistency between methods. EPA
Method 1600 is a membrane filtration approach, where water
is passed through a membrane that is subsequently placed
atop Enterococcus Indoxyl-𝛽-D-glucoside (mEI) agar and,
following incubation, examined for colonies with blue halos.
Enterolert is a defined substrate methodology that measures
a fluorescent endpoint based on enterococci metabolizing 4-
methylumbelliferone-𝛽-D-glucoside in liquid media.

Differences in the combinations of growth-controlling
substrates in these media could lead to selectivity of ente-
rococcal species and detection of nonenterococcal bacteria,
including Streptococcus spp.,Aerococcus spp., and Lactococcus
spp. [10]. False positive rates have been found to vary between
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4% and 26% for Enterolert [11] and between 11% and 26% for
mEI agar [10].

Another possible reason for the occasional differences
between methods would be differential selectivity for species
within the Enterococcus group, particularly since Enterolert
uses a liquid broth culture media and EPA Method 1600
uses a solid agar that will affect the growth kinetics of
cells. In liquid media, faster growing bacteria can outgrow
their slower counterparts, even with diluted samples [12]. In
contrast, bacterial cells growing on a membrane placed atop
agarmedia are spatially separated, providing less opportunity
for competition.

Knowledge of Entercoccus species distribution in urban
runoff and wastewater may be useful for assessing recre-
ational waters deemed unsafe for swimming based on ente-
rococci water quality standards. E. faecalis and E. faecium are
the two most prevalent species in human feces [12]; E. cas-
seliflavus and E. mundtii are associated with plants and soil
[13]; these species are not considered typical members of the
human intestinal microflora [14]. Thus, characterizing the
distribution of enterococcal species representative of fecal
contamination should be conducted using methods that are
not subject to species selectivity.

Here, we test the hypothesis that EPA Method 1600 and
Enterolert differ in species selectivity by examining the spe-
cies composition of their isolates when both methods were
used to process a common set of samples.

2. Methods

Differences in species selectivity were determined using
18 environmental samples and a laboratory-created sample
with known species composition.The environmental samples
were collected from seven marine beach sites, two freshwater
urban runoff sites, influent from four wastewater treatment
plants (WWTPs), and secondary effluent from four WWTPs
(Table 1). The beach water was collected using 100mL plastic
bottles at ankle depth upon an incoming wave. Urban runoff
was collected as 1 L samples just below the water surface.
Wastewater was collected as 1 L samples from influent or
effluent pipes.

The laboratory-created sample consisted of clean seawa-
ter inoculated with approximately 1,000 colony forming units
per 100mL each of E. faecium and E. faecalis. The seawater
was collected 18 kilometers offshore, at 10-meter depth with
no measurable enterococci present. The enterococci cultures
were prepared using strains from environmental samples that
were enumerated using EPAMethod 1600 and Enterolert and
identified to species using the Vitek microbial identification
system (bioMérieux, St. Louis, MO, USA).

All samples were analyzed within six hours of collection
following EPA standards [15] and the Enterolert manufac-
turer’s instructions. For EPAMethod 1600, 10–50mLvolumes
of sample were filtered onto mEI, and presumptive entero-
cocci isolates were obtained by selecting up to five colonies
(per sample) with blue halos from mEI agar (Northeast Lab-
oratory, Waterville, ME, USA) and subculturing them onto

Table 1: Sources of samples.

Beach water
Imperial Beach, San Diego
San Mateo Beach, San Clemente
Doheny State Beach, Dana Point
Cabrillo Beach, Los Angeles
Surfrider Beach, Malibu
Paradise Cove, Malibu
Big Sycamore, Malibu

Urban runoff
Dominguez Channel, Los Angeles
Tijuana River, San Diego

Wastewater treatment plant (WWTP)
Joint Water Pollution Control Plant of the Los Angeles
County Sanitation District
Orange County Sanitation District, Huntington Beach
South Orange County Wastewater Authority, Dana Point
Encina Wastewater Authority, Carlsbad

tryptic soy agar (TSA) with 5% sheep blood (Northeast Lab-
oratory, Waterville, ME, USA). After 24 h incubation at 35∘C,
the blood agar plates (BAPs) were examined to ensure they
were pure cultures. Isolates fromBAPswere subcultured onto
TSA slants (Northeast Laboratory, Waterville, ME, USA)
and incubated as before. The TSA slants were stored at 4∘C
until speciation was performed.

TenmL of sample were used for the Enterolert Quanti-
Tray method and enterococci isolates following the method
of Kinzelman et al. [6]. The back of the Quanti-Tray was
disinfected with 70% alcohol, andmedia from up to five fluo-
rescing (positive) wells was withdrawn using sterile syringes.
The media was then inoculated into brain heart infusion
(BHI) broth (BD, Franklin Lakes, New Jersey, USA) contain-
ing 6.5% NaCl at a 1 : 20 dilution. Inoculated broth was then
incubated at 41∘C for 48 h. Cultures that had growthwere sub-
cultured onto BAPs, and then colonies from the BAPs were
subcultured onto TSA slants, incubated, and stored at 4∘C.

2.1. Isolate Identification. Approximately 80 isolates each
from 17 environmental samples that were obtained using EPA
Method 1600 and Enterolert were identified to species using
the Vitek microbial identification system (bioMérieux, St.
Louis,MO,USA) (Table 2). Isolates identified as Enterococcus
species with discrimination of <80% confidence were catego-
rized as “indeterminant”. Isolates identified as species other
than Enterococcus were categorized as “non-Enterococcus”.
E. casseliflavus/E. gallinarum isolates that could not be dis-
criminated using Vitek were tested for motility and pigment
production following Ferguson et al. [10] to differentiate these
species. Since E. mundtii is not identified by Vitek [16], a total
of 107 isolates from beach water, wastewater and freshwater
were screened for this species using published biochemical
tests, including motility; pigment production; and fermenta-
tion of arabinose, sucrose, and mannitol [17].
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Table 2: Sources of samples and numbers of isolates analyzed for speciation using EPA Method 1600 and Enterolert.

Source (no. of samples) EPA Method 1600 Enterolert No. of isolates
Beaches (7) 275 303 578
Urban runoff (2) 91 99 290
Wastewater influent (4) 126 130 256
Wastewater effluent (4) 129 126 255
Culture (1) 20 46 66
Total 621 658 1279
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Figure 1: Enterococcus species found overall using Enterolert versus
EPA Method 1600.

3. Results and Discussion

3.1. Enterococcus Species Assemblages. 1279 presumptive ente-
rococci isolates from environmental samples (beach water,
urban runoff, and wastewater treatment plant influent and
effluent) (Table 2) using EPA Method 1600 and Enterolert
were examined and found to include nine species of Ente-
rococcus. E. faecium and E. faecalis were the most frequent
species identified among isolates obtained using Enterolert,
with each species comprising about one third of isolates from
all samples (Figure 1). These were also the most frequent
species obtained using EPA Method 1600, though E. faecium
wasmore common (44%) thanE. faecalis (13%).E. gallinarum
and E. casseliflavus were the next most frequently identified
species by both methods. Non-Enterococcus species com-
prised 8% of the isolates derived fromEnterolert and 5% from
EPA Method 1600. The most common nonenterococcal bac-
teria isolated were Proteus mirabilis from Enterolert wells and
Aerococcus viridans from EPA Method 1600. Other species
identified by both methods included Streptococcus bovis, S.
uberis, S. mutans, and S. pneumonia. Five percent of the
isolates were identified with a low level of certainty and
classified as “indeterminant.”

Overall relative abundance of species among all the envi-
ronmental samples was not significantly different between
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Figure 2: Distribution of predominant Enterococcus species found
among beach water, urban runoff, and wastewater treatment plant
(WWTP) influent (untreated) and effluent (treated) samples.

methods (𝜒2, (1, 𝑁 = 1104) = 47.4, 𝑃 < 0.001). However,
the relative proportions of E. faecium and E. faecalis were
significantly different between methods for the wastewater
samples, with E. faecalis themost frequently observed species
for Enterolert and E. faecium dominant for EPAMethod 1600
(Figure 2). The proportions of E. faecalis and E. faecium were
generally similar among two urban runoff samples and eight
beach water samples (Fisher’s exact test, 𝑃 = 0.31).

The same selectivity observed in the wastewater samples
using Enterolert was also observed in the laboratory sample
spiked with similar concentrations of E. faecalis and E.
faecium (Figure 3). EPA Method 1600 identified 65% of the
isolates as E. faecalis, 30% as E. faecium, and 5% as “inde-
terminant.” In contrast, 98% of the Enterolert isolates were
identified as E. faecalis.

Enterococcal species identification using Vitek was sup-
plemented with pigment production and motility testing to
identify E. mundtii and E. casseliflavus that may be misiden-
tified as E. gallinarum by Vitek alone [16]. Of the 107 isolates
screened for E. mundtii, twelve isolates were misidentified
as E. gallinarum by Vitek; six of these were confirmed
as E. mundtii, four as non-Enterococcus species, and two
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Figure 3: Percent E. faecalis and E. faecium isolates from culture
sample containing 1 : 1 ratio of both species obtained using Enterolert
and EPAMethod 1600.

as E. casseliflavus based on additional biochemical tests,
pigmentation, and motility. Vitek identifications of E. faecalis
and E. faecium were much more accurate; all but one isolate
each of E. faecalis and E. faecium were identified similarly by
Vitek and conventional biochemical tests.

3.2. Enterococcus Species Selectivity. While the two methods
generally yielded the same species assemblage, Enterolert
identified a higher proportion of E. faecalis than EPAMethod
1600 did across all sample types. There are a number of
reasons why this might occur, one of which is the difference
between liquid and solid growth media discussed earlier.
Another difference is media formulation. The mEI media
used in EPA Method 1600 contain additives, such as triph-
enyltetrazolium chloride to differentiate Enterococcus from
otherGram-positive cocci, sodium azide and nalidixic acid to
inhibit the growth of Gram-negative bacteria, and cyclo-
heximide to suppress the growth of fungi; Enterolert media
are proprietary, and it is unknown whether similar additives
to increase specificity are present. The media also differ
in the reporter molecules they use to detect enterococci.
While mEI media rely on the ability of Enterococcus to
metabolize indoxyl-𝛽-D-glucoside to produce a blue com-
pound, Enterolert media rely on 4-methylumbelliferone-𝛽-
D-glucoside to produce a fluorescent metabolite.

Another potential mechanism for the observed differ-
ences is oxygen availability. Enterolert media are heat-sealed
within a Quanti-Tray, creating a more anaerobic incubation
condition compared to mEI agar in a petri dish. Enterococci
are facultative anaerobes [17], but it is unknown whether
growth rates vary among species and strains under differing
oxygen levels. Differences in growth rates among Enterococ-
cus species could also account for differing results between
methods. Delayed growth rates and positive fluorescence
reactions (after 24 hours) of certain enterococcal strains in

Quanti-Trays raised concerns that Enterolert may underesti-
mate enterococci densities [9, 18]. Species selection bias could
have been introduced during the BHI broth (with 6.5%NaCl)
subculture step that we used to facilitate isolation of ente-
rococci from Enterolert. This enrichment step was used to
reduce non-Enterococcus species in samples and also because
previous attempts to subculture directly from Enterolert onto
nonselective media resulted in nondetection of enterococci.
To assess potential selection bias, we compared the growth
rates of E. faecalis (ATCC 29212), E. faecium (ATCC 35667),
and E. casseliflavus (ATCC 700527) in BHI broth with 6.5%
NaCl versus Enterolert media, determining the doubling
time of each species using optical density (600 nanometers;
UV160U Spectrophotometer, Shimadzu Scientific Instru-
ments, Columbia, MD, USA) and plate counts on mEI. E.
faecium grew faster than E. faecalis in Enterolert and in BHI
broth with 6.5% NaCl. However, Enterolert was not selective
for E. faecium, and E. faecium was not predominant in the
actual samples suggesting that other factors likely accounted
for the Enterolert selectivity for E. faecalis observed in the
wastewater samples. Enterolert also showed the same selec-
tivity forE. faecalis among isolates subcultured directly froma
laboratory-created sample without using BHI step.

3.3. Speciation Method Limitations. We used the Vitek sys-
tem, which is routinely used by environmental laboratories,
to verify presumptive enterococci on mEI, for most of our
species identification (APHA 2000). One limitation of Vitek
is that the database does not include E. mundtii, which is
a species that is present in environmental waters [10]. In a
previous study,Moore et al. [16] found that 14% of the isolates
speciated by Vitek without supplementary testing were
misidentified. In our study, 17% of the isolates identified by
Vitek had discrepant identifications compared to conven-
tional biochemical testing.Themajority of these were isolates
that had been misidentified by Vitek as E. gallinarum that
were later identified as E. mundtii, E. casseliflavus, or non-
Enterococcus based on supplementary testing including pig-
ment, motility, and additional biochemical tests. Thus, the
overall percentages of E. gallinarum identified in this study
using Vitek alone may be somewhat inflated.

Molecular methods that could have been used to identify
Enterococcus isolates include 16S rRNA gene sequencing [18]
and genus and species specific multiplex-PCR [19]. These
methods are rapid, cost-effective and allow high throughput.
In some cases, conventional biochemical testing may be
useful when used in conjunction with molecular methods,
such as 16S rRNA sequencing [20, 21]. For example, pigment
production and motility can be used to discriminate E.
casseliflavus and E. gallinarum with identical 16S rRNA
gene sequences [16]. Since E. casseliflavus is associated with
plants, discriminating these two species could be important
for assessing natural sources. Multiplex-PCR is another
molecular-based speciationmethod thatwas shown as having
90% concordance with Vitek and conventional biochemical
methods for identifying Enterococcal species from environ-
mental and fecal isolates [19]. However, the sensitivity of
multiplex PCR may be a concern; Layton et al. [22] used
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a modified version of Jackson’s multiplex PCR method and
identified eight Enterococcus species among isolates from
animal fecal samples but found that samples with less than 30
colony forming units (CFU) required a culture enrichment
step; following enrichment, ∼70% of potential enterococcal
species were detected using multiplex PCR.

3.4. Enterococcus Species Distribution in Wastewater, Beach
Water, and Urban Runoff. While there were some differences
in species selectivity between Enterolert and EPA Method
1600, these differences were much smaller than the species
composition differences that both methods found among the
different sample types. For instance, both methods found
much higher percentages of E. casseliflavus in beach samples
(∼20%) than in wastewater samples (<4%). Both methods
also found similar enterococcal species distribution among
sewage influent from the four wastewater treatment plants,
despite differences in size, treatment processes, and the nature
of service areas. The dominance of E. faecium and E. faecalis
in the wastewater systems is consistent with previous studies
that have examined species distributions of Enterococcus in
wastewater [23–25]. Higher percentages of E. faecalis and E.
faecium inwastewater streams are also consistentwith clinical
studies that have established that these two species comprise
a significant fraction of the enterococci found in human and
animal feces [14, 22, 26]. Similarly, the prevalence of E. cas-
seliflavus in beaches and runoff samples withminimal human
fecal sources and its lower occurrence in wastewater samples
is also consistent with clinical human fecal samples [27, 28]
and its known associationwith natural sources, such as plants
[29, 30].

4. Conclusions

EPA Method 1600 and Enterolert detected similar propor-
tions of Enterococcus species in marine and spiked samples;
however, Enterolert was more selective for E. faecalis in
wastewater samples. Also, Enterolert yielded higher per-
centages of non-Enterococcus organisms in beach water and
runoff samples, which could account for occasional differ-
ences in water quality assessments using both methods. Fur-
ther insights on the diversity of Enterococcus species in envi-
ronmental waters may help to improve studies on health risk
assessments. For species identification of Enterococcus using
culture methods, EPA Method 1600 is recommended to
obtain a more accurate characterization.
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The effects of calcium ion and broad pH ranges on free fluoride ion aqueous concentrations were measured directly and computed
theoretically. Solubility calculations indicate that blood fluoride concentrations that occur in lethal poisonings would decrease
calcium below prevailing levels. Acute lethal poisoning and also many of the chronic effects of fluoride involve alterations in the
chemical activity of calcium by the fluoride ion. Natural calcium fluoride with low solubility and toxicity from ingestion is distinct
from fully soluble toxic industrial fluorides. The toxicity of fluoride is determined by environmental conditions and the positive
cations present. At a pH typical of gastric juice, fluoride is largely protonated as hydrofluoric acid HF. Industrial fluoride ingested
from treated water enters saliva at levels too low to affect dental caries. Blood levels during lifelong consumption can harm heart,
bone, brain, and even developing teeth enamel. The widespread policy known as water fluoridation is discussed in light of these
findings.

1. Introduction

Synthetic industrial fluoride compounds lack calcium and
are listed toxic substances (Buck [1], Gleason [2], Blakiston
[3], The Merck Index [4]). Calcium fluoride CaF

2
is found

in natural minerals and is not labeled a toxic compound
because of the comparatively high lethal oral acute dose of
the purified compound when tested in mammals (LD

50
∼

3,750mg/kg). The fluoride compounds, sodium fluoride NaF
and fluorosilicic acid H

2
SiF
6
, added into municipal water

for human ingestion purposes are synthesized artificially
by industrial reaction and have been used as rodenticides,
insecticides, and pediculicides, with acute oral lethal doses
in experimental animals comparable to arsenic and lead
(LD
50
∼ 125mg/kg) (TheMerck Index [4]) due to the fluoride

at ∼60–90mg/kg.
Waters in the U.S. can contain natural calcium fluoride

along with other calcium and magnesium salts (U.S. Centers
for Disease Control (CDC) [5]), but pure pristine fresh
drinking water does not contain fluoride. Fluoride is not a
normal constituent of the mammalian bloodstream (Merck
manual for Health Care Professionals [6]). It has no nutritive
value [7] or physiologic function but has been believed by

some to be useful for teeth based on an initial correlation
with natural calcium fluoride in drinking water [1, 8]. The
chief ingredient in normal teeth enamel is hydroxyapatite
that contains calcium phosphate, not fluoride. After nearly 7
decades of adding industrial fluoride compounds into public
water supplies in theU.S. and other countries that have agreed
to this policy, the principal documented effects of ingested
fluoride on teeth are to increase incidence of abnormal
permanent enamel fluorosis during teeth development and
to abnormally incorporate into underlying dentin bone
(National Research Council (NRC) [9]). Fluorosis, unsightly
at best, afflicts ∼5 million U.S. teenagers aged 12–15 as of 2004
[8].

The reported adverse consequences of adding fluoride
lacking calcium into public water supplies include effects
on man, animals, and the environment [1, 8–12]. Ingested
industrial fluoride incorporates chiefly into bone with an ion
exchange process that is irreversible and thus not physio-
logic. Normal biochemical effects of nutrient minerals are
saturable and readily reversible. Fluorine leads all elements
in electronegativity and is extremely reactive and not found
in nature. But fluoride is permanent because the ion has
no electronegativity, cannot be reduced further, or oxidized
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by any known substance. Fluoride instead associates with
positive charged ions in particular aluminum, calcium, and
iron. Thus its toxicity depends on the environment in which
it resides.

Soluble fluoride at 60mg/kg single oral dose without
calcium causes acute heart failure in research animals (CDC
[5]) and caused lethal heart failure reported in a child after
swallowing concentrated dental gel [13]. Twenty-five ppm
artificial fluoridated water leads to chronic heart failure in
research animals [5] which compares with levels during acci-
dental overfeeds where kidney dialysis patients died (Gessner
et al. [14]). At lower concentrations (∼1 ppm), artificially fluo-
ridated water supplies are documented to have caused horses,
frogs, chinchillas, and alligators to die prematurely that
consumed treated water continuously for extended periods
of time (Spittle [12]). Discharged fluoride into the Columbia
River to ∼0.3 ppm blocked salmon navigation upstream to
spawn (Damkaer andDey [15]). Even though natural fluoride
at 1 ppm is in the world’s oceans with substantial calcium and
magnesium salts, this arrangement is normal and harmless to
aquatic species.

Natural calcium fluoride is considered insoluble (to 8–
10 ppm fluoride maximum depending on water pH). But
industrial synthetic fluorides are fully soluble and are all
toxic calcium chelators. The degree of absorption of any
fluoride compound after ingestion is correlated with its
solubility (Goodman and Gilman [16]). Industrial fluorides
are completely absorbed, but natural fluoride minerals cryo-
lite (Na

3
AlF
6
) or fluorite (mineral fluorspar with CaF

2
) are

poorly absorbed (see Endnote 1).The dietary cations calcium
and iron retard absorption by forming complexes in the
GI tract. Although large populations are reported to safely
consume 1 ppmfluoride in water for long periods of time, this
is when it exists naturally at this level.

In what was considered unthinkable, in Hooper Bay,
Alaska, in 1994 an industrial fluoridation overfeed of calcium-
deficient Yukon River drinking water caused fatal heart block
in an otherwise healthy 41 year old male. This is the largest
known poisoning in the U.S. from a fluoridated water sup-
ply. Approximately 300 people with severe gastrointestinal
pain survived the incident (Gessner et al. [14]). Electronic
feeding equipment is now employed to prevent overfeeds
and acute poisoning. But chronic effects of industrial fluo-
ridation of public water supplies on humans, animals, and
the environment require further study if fluoridation of
fresh water supplies continues. Many countries require great
expenditures to remove endogenous natural fluoride from
drinking water that causes skeletal and other pathology at
8–10 ppm even when water contains substantial antidote
calcium to minimize assimilation of the ingested fluoride [5].
The present study investigates conditions involved in acute
and chronic fluoride toxicity and environmental effects of
industrial fluorides added into public water.

2. Methods

The concentration of the free fluoride ion was mathemati-
cally computed at which the solubility of calcium fluoride

would be exceeded with calcium concentrations known to
be physiologic. [F−] = (Ksp/[Ca

2+
])

1/2 from the definition
of the solubility product constant for insoluble salts where
CaF
2
→ Ca2+ + 2F− and Ksp = [Ca

2+
][F−]2. Consideration

was made for physiologic temperature by using the published
Ksp at 37

∘C.
A 0.9 ppm fluoride solution in distilled water was mea-

sured for the free fluoride ion concentration over a wide
concentration range of added calcium ion from aliquots
of a calcium biphosphate solution. In other experiments, a
1.2 ppm fluoride concentration solution was measured for
free fluoride ion level as a function of pH. Acidity was
adjusted with dilute acetic acid. All readings were made at
room temperature with a LaMotte Instruments fluoride ion
specific electrode calibratedwith a 1.00 ppmfluoride standard
solution in distilled deionizedwater.The electrodewas rinsed
with the solution to be tested for each measurement. The
instrument reported accurate readings for known standard
solutions within ±0.05 ppm fluoride over the temperature
range 15–30∘C.

3. Results/Discussion

3.1. Acute Toxicity. Acute fluoride poisoning in man is not
rare (Goodman andGilman [16] p. 804).The concentration of
fluoride is here calculated that would cause calcium fluoride
precipitates to first form from the known solubility product
constant for calcium fluoride (Ksp = 8 × 10

−11 at 37∘C) and
the known concentration of calcium ion in normal human
blood (2.2mM). The Ksp varies slightly with temperature
and may be computed at 37∘C (310Kelvin) from the relation
ln(Ksp) = −ΔG/(RT) (Lide [17]) for calcium fluoride with
the free energy for the dissociation of calcium fluoride ΔG =
59 kJ/moL and Ksp = 3.4 × 10

−11 at 25∘C (298K).
The computed fluoride level at which an aqueous solution

containing physiologic calcium (3mM) at physiologic tem-
perature (37∘C) is precipitated is 0.11mM fluoride (2 ppm).
The concentration of blood fluoride where the blood calcium
level would be lowered to the lethal low level of about
1mM is 0.2mM fluoride (3.8 ppm). This also compares with
measured blood fluoride levels in man (2-3 ppm) due to
acute lethal poisonings after accidental ingestion of soluble
fluorides (Teitz [18] p. 1130).

The calculated calcium levels that would coexist in fluid
with a given fluoride level from solubility considerations
were compared with actual measurements of blood levels of
calcium and fluoride ion in victims of fluoride poisoning
(Gessner et al. [14]) in Hooper Bay. The calculated theoretic
fluoride levels that would lower prevailing blood calcium lev-
els compare closely with the actual fluoride levels measured
in the blood of victims poisoned with fluoridated municipal
water. The victim who died of heart failure from fluoride
had a measured fluoride level of 0.18mM, while another
victim that survived had blood fluoride at 0.48mM. These
concentrations of fluoride from solubility considerations
produce calcium ion lowering to levels reported to decrease
beat rates in isolatedmammalian heart cells (Wang et al. [19]).
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Figure 1: (a) Calcium concentrations (mM) that precipitate various fluoride concentrations. From the known solubility product constant Ksp
for calcium fluoride, the calculated isocurve for CaF

2
precipitation is shown as a function of varying concentrations for the two ions. Calcium

levels in normal blood (1–3mM) reach precipitation maximum solubility with 0.1–0.18mM (1.9–3.4 ppm) fluoride. For 3mM calcium,
precipitation begins to occur when fluoride is 3% of calcium and for 1mM at 18%. The Hooper Bay poisoning incident produced a lethal
5 ppm blood fluoride level in one victim.Whether it is a low Ca/F ratio or rather calcium fluoride saturation that is required for acute toxicity
is not known. (b) Calcium effects on measured fluoride ion concentration. A 0.9 ppm fluoride solution in distilled water was measured for free
fluoride ion level with a LaMotte fluoride specific electrode calibrated with 1.00 ppm sodium fluoride in distilled deionized water at room
temperature. Calcium ion was adjusted over a wide range by addition of aliquots of calcium biphosphate. Fluoride readings progressively
decrease with increasing calcium concentration as expected over the range 30–650mM.

The fact that fluoride lethality occurs at concentrations
known to compare with saturation and activity reduction for
calcium ion brings forth an aspect of fluoride toxicity that is
counterintuitive. Ionized calcium levels in human plasma can
vary in some cases from 1.5mM in hypocalcemia to 4.5mM
in hypercalcemia (as in hyperparathyroidism or excessive
Vitamin D intake) (Davidsohn andWells [20]).The assimila-
tion of ingested fluoride is drastically minimized by calcium
ion in the gastrointestinal tract [5] and calcium is thus the
recognized antidote to fluoride poisoning.Thiswould suggest
that individuals with higher blood calcium would be more
resistant to fluoride toxicity. But Ksp calculations indicate that
higher blood calcium levels require less blood fluoride to
reduce calcium activity or mobility.

Figure 1(a) indicates the calcium fluoride precipitation
isocurve over a broad concentration range for the two ions.
The ions are precipitated when present together at any
ordered pair of concentrations indicated along the curve.
Lower blood calcium levels require higher fluoride blood
levels to begin precipitation. The effect is quite substantial in
varying from 2.5 to 5 ppm fluoride lethal levels for subjects
with 4.5 and 1.5mM calcium, respectively. This may help
explain the broad variability in reported blood fluoride levels
causing toxicity and why calcium can exist within a normal
range during acute fluoride poisoning from ingestion in
humans.

Wang et al. [19] also found that the heart cell beat rate
in cultured cells in well-controlled experiments progressively
slows with increasing fluoride levels in a concentration-
dependent manner. Beat rates were slowed 17% by 0.15mM
(2.8 ppm) fluoride, a level that precipitates physiologic con-
centrations of calcium in solution. Unlike skeletal mus-
cle, cardiac muscle requires extracellular calcium ion from
the bloodstream to couple electrical excitation of the cell

membrane with contraction of cardiac muscle fibers. Each
time the heart contracts, calcium fluxes into the heart cells
from the extracellular fluid. When the heart relaxes, the
calcium is pumped back out of the cell allowing the fibrils
to relax. Lowered extracellular calcium ion levels block
contraction of the heart.

Blood with high ionic strength is quite different than
aqueous solutions in a laboratory. Calcium fluoride precip-
itates have not been found generally throughout interstitial
fluid in cases of acute lethal fluoride poisonings. These
data taken together suggest that fluoride ingestion is lethal
by causing decreased activity of the free calcium ion and
blockage of heart contractions. Fluoride acute toxicity has
long been known to be accompanied by increased blood
potassium levels (Burgstahler [21]), wheremembrane sodium
potassium ATPase is also inhibited by fluoride or low
calcium. Therefore, the sequential mechanism of lethality
cannot be precisely stated.

Fluoride tends to associate with and bind calcium ion.
And calcium is concentrated throughout the body including
teeth, bones, ligaments, aorta, skeletal muscle, and brain [5,
10, 16]. But the most crucial physiologic function requiring
calcium that is sensitive to industrial fluoride at acute levels is
the beating heart. It is well known that extracellular calcium is
an obligatory requirement for heart cells to undergo contrac-
tion after electrical excitation. Heart cells do not have a well-
developed sarcoplasmic reticulum to store calcium for this
purpose as does skeletal muscle which does not exhibit this
extreme sensitivity to changes in blood calcium. The cellular
uptake of calcium occurs during the plateau phase of the
cardiac action potential. Extracellular calcium is necessary
for the development of contractile force.The strength of con-
traction (inotropic state) of the heart depends on extracellular
calcium with half-maximal contractility at 0.5mM.



4 Journal of Environmental and Public Health

3.2. Chronic Toxicity. Kidney dialysis patients have frequently
been killed from fluoridated water during accidental fluoride
overfeeds [14] because dialysis units are not equipped to
eliminate fluoride from blood [22]. Even more alarming are
kidney patient lethal fluoride poisonings from a form of
congestive heart failure if hemodialysis units use fluoridated
water containing targeted concentrations of fluoride. As
pointed out by Dr. Ahmad, Medical Director, University
of Washington, Seattle, hemodialysis patients receive more
than 400 liters of water weekly and fluoride levels above
0.2 ppm if not pre-cleaned cause significant morbidity and
mortality [22]. Fluoridated water at 0.7–1 ppm is unsuitable
for dialysis and the FDA has published instructions to that
effect. Deaths have even occurred because fluoride-removing
deionizer resinswhen full leachedfluoride back into thewater
used for dialysis.

The mechanism by which fluoride from blood at desired
lower levels irreversibly accumulates in bone (NRC [9])
does not involve precipitation of ionized calcium. Fluoride is
then below the Ksp for direct precipitation. Instead, an ion
exchange mechanism occurs at extremely minute fluoride
levels where the fluoride ion merely by diffusion exchanges
with hydroxide on bone hydroxyapatite [16]. The precise
formula unit of bone matrix has been variably described as
calcium phosphate hydroxide Ca

3
(PO
4
)
2
Ca(OH)

2
or pen-

tacalcium monohydroxy orthophosphate Ca
5
(OH)(PO

4
)
3
,

or Ca
10
(PO
4
)
6
(OH)
2
(The Merck Index [4]). Very different

lattice packing and fluoride sensitivities occur among spongy
bone, compact bone, teeth dentin, and hard enamel.

A fluoride ion solution made in soft or distilled water has
a higher chemical activity or chemical potential compared to
the activity of the ion at the same concentrationwhen accom-
panied with calcium or magnesium in solution. Although
much less sensitive and exquisite than an actual biological
cell membrane, a fluoride specific electrode senses such a
difference. Fluoride electrode measurements of a solution
of sodium fluoride fixed at 0.8mg/L (ppm) (0.042mM) in
deionized water were examined at various calcium levels over
awide range.ThirtymMcalciumandhigher cause substantial
inter-ionic interactions with fluoride that significantly lower
diffusion or Brownian motion of the fluoride ion because
of the relatively massive divalent positive charge on the
compact calcium ion. Further addition of calcium to 650mM
causes progressive decreases in the free fluoride ionmeasured
level due to precipitation of calcium fluoride particles that
the electrode cannot detect. The calcium level theoretically
calculated to first begin fluoride precipitation for 0.9 ppm
fluoride is approximately 30mM which is consistent with
Figure 1(b) observed data.

The phenomenon of fluoride-induced decreased chem-
ical activity (i.e., in the absence of precipitation) applies
to Group II cations including magnesium ion prevalent
in all foods and natural hard waters. In contrast, fluoride
accompanied in solution with Group I metal cations, such
as sodium or potassium, exhibits no decline in activity over
a broad range of cation concentration (data not shown),
because these ions are only monovalent in charge.

Activity coefficients for the fluoride ion are substantially
reduced in the presence of calcium and magnesium divalent

cations (Moore [23]).This effectmay be compared to the phe-
nomenon of attraction between fluoride ion and hydrogen
atoms in water known as hydrogen bonding which decreases
the Brownian motion and diffusion of the ion. These factors
determine the overall biologic effect of fluoride ion in
living organisms. Calciumdecreases assimilation through the
gastrointestinal tract but in the bloodstream lowers the fluo-
ride required for calcium sequestration. Further, membranes
exhibit complex structural and functional features that are
modulated by calcium and magnesium, including region-
specific effects on membrane lipid fluidity (Sauerheber and
Gordon [24]). Fluoride diffusion from a solution rich in
calcium ion may be impaired even though far below the
level required for binding as calciumfluoride precipitate.This
electrical attractive force is also responsible for the fact that
fluoride at levels below the Ksp is trapped in bone by ion
exchange.

As shown in Figure 2, changes in pH affect the percent
of fluoride that converts to HF. As HF, fluoride gains entry
into the bloodstream because HF is a neutral small molecule
comparable in size to the water molecule and is freely
permeable through the biologic membrane (Whitford et al.
[25]). The Ka for HF indicates that it is a weak acid. As a
small molecule, HF is the most penetrating corrosive. Its
assimilation is most efficient at stomach pH in the absence
of substantial calcium.

Industrial fluoride in drinking water can cause GI distress
in human subgroups because fluoride converts to HF in
the stomach (NRC [9], p. 268). Even at low concentrations
HF can aggravate and prevent healing of ulcerated tissue.
Industrial fluoride in drinking water at gastric pH is mostly
protonated HF. At pH 2, 96% of fluoride is HF (NRC [9])
in agreement with calculated levels in Figure 2(b). Structural
damage to mucosa is detected at 20 ppm HF in 15 minutes.
Lower concentrations cause pain without visible damage.
Human case studies proved that abdominal discomfort
occurs from drinking 1 ppm artificially fluoridated water
(Waldbott [10]; Petraborg [26]). In a careful placebo con-
trolled double blind clinical study, 1 ppm fluoridated water
caused GI discomfort in 7% of subjects (Grimbergen [27]).
Exposing the GI tract to HF from the duodenum to the
Ampulla of Vater before reneutralization is a false practice.
The more elderly the person with slower gastric mucosa
turnover, the more likely symptoms can develop. In the pres-
ence of ulceration or gastric carcinoma, industrial fluoridated
water must be avoided. Acute pain requiring hospitalization
in Hooper Bay reflected gastric HF at ∼50–100 ppm.

HF at high concentrations dissolves glass and permeates
porcelain. This is not due to the hydrogen or the fluoride
ions since strong acids do not have this ability and soluble
fluoride salts slowly etch glass. Corrosiveness of HF is due to
its extremely tiny uncharged covalent structure, intermediate
between fluorine F (0.8 Å3, 128 pm diameter) in F

2
and

the 10-fold larger volume fluoride ion F− (7.9 Å3, 272 pm
diameter) in ionic compounds. As a 2nd period nonmetal,
fluoride at any concentration forms abnormal interatomic
hydrogen bonding (H+- -F−) and disrupts normal inter-
molecular hydrogen bonding (H+- -N or H+- -O) in water
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Figure 2: Fluoride protonation depends on prevailing acidity following the equilibrium reaction F− + H+ ↔ HF. (a) All measurements of
fluoride ion concentration were made with a LaMotte Instruments fluoride ion specific electrode calibrated with a 1.00 ppm fluoride standard
solution in distilled deionized water at room temperature. Readings for the 1.2 ppm true concentration solution progressively decrease as pH
decreases. Acidity was adjusted with dilute acetic acid. Stomach acid pH normally varies from 1.5 to 3 (Teitz [18] p. 1072), where fluoride is
mostly protonated as hydrofluoric acid HF. (b) The percent contribution to the total fluoride from the free ion F− (triangles) and intact HF
(diamonds), calculated theoretically from the Henderson Hasselbach equation pH = pKa + log{[F

−
]/[HF]} over the pH range 1–10, utilizing

the known Ka for HF. HF decreases while F− increases from pH 1 to 5. At pH 3.14 (= pKa = −log 7.2 × 10
−4), HF is half dissociated.

andmacromolecules. It is a general enzyme inhibitor in some
cases at 0.2 ppm (Yiamouyiannis [11]), the targeted blood
level reported in residents of 1 ppmfluoride water areas (NRC
[9] p. 70).

3.3. Natural and Industrial Fluoride inWater. Dental officials
report in CDC fluoridation literature that fluoride ion is
identical in natural and industrial compounds.This is correct.
However, the assimilation of ingested fluoride is minimized
by calcium in the GI tract (CDC [5], Goodman and Gilman
[16]). The conversion of fluoride to HF measured with an
electrode is also reduced in the presence of calcium at levels
far below saturation (data not shown). Natural fluoride is
accompanied with antidote calcium to prevent acute lethality
and reduce chronic toxicity. Nevertheless, the CDC goes on
to argue that the relative safety of water containing calcium
fluoride at 1 ppm is sufficient proof that industrial fluoride at
1 ppm will exert no significant pathology. But toxic effects of
natural fluoride in water can often be difficult to measure,
such as widely reported effects on human brain function
[8]. And any effect would not be identical for water treated
with an equal level of industrial fluoride which is assimilated
more efficiently [5]. Indeed, salmon are unaffected by natural
1 ppm fluoride in ocean water where calcium is extremely
high but are narcotized by industrial fluoride in soft water
at only 0.3 ppm (Damkaer and Dey [15]). Thus, the mere
absence of gross observable bone abnormality from natural
fluoride at levels below the Environmental ProtectionAgency
Maximum Contaminant Level (EPA MCL) of 4 ppm should
never have led to the presumption that lifelong consumption
of infused industrial fluoride at any purported concentration
(>0) would have no possible pathologic consequence.

From Figure 1, it is evident that at 30 : 1 calcium to fluo-
ride, the assimilation from the GI tract, if compared to con-
ditions in a laboratory, would begin to be impaired.Waters in
theU.S. average 50 ppm calcium to 0.2 ppmfluoride naturally
(100 : 1). But soft waters allow more efficient absorption.

The ratio of calcium ionmolarity (around 0.12mM or 7 ppm)
to infused total fluoride molarity (0.05mM or 1 ppm) in
soft water regions in an artificially fluoridated city is very
low. Hard water regions are more protected from fluoride
assimilation. Fluoride toxicity depends on its environment.

Sources of ingested industrial fluoride are diverse. The
fluoride that is absorbed into the bloodstream arises chiefly
from public water supplies. But substantial amounts are
assimilated also from foods, toothpaste (NRC [9]), mouth
rinses, and some bottled waters. The EPA currently allowed
levels in drinking water in the U.S. were found by the NRC
to not be protective of human health [9]. The plethora of
chronic effects is accompanied with alterations in calcium
homeostasis where bone fluoride is retained for an estimated
20 years (NRC [9] p. 133) which affects calcium mobilization
from bone into blood. Variations in biologic outcome of
course occur because of differences in water hardness, diet,
and whether it is natural insoluble fluoride or artificially
infused soluble fluoride without calcium.

Assimilation of industrial fluoride from water into the
bloodstream in humans can be seemingly well-tolerated
for long time periods because bone efficiently traps the
calcium chelator from interstitial fluid to minimize exposure
to soft tissues. Bone is the final resting site for 95% of all
retained fluoride. Even there the intrusion causes increased
osteoblastic activity [9, 16] in response. Fluoride accumulates
from consumption in a 1 ppm fluoride water region, in the
absence of other known sources, to 2,500mg/kg in two years
and to 3-4,000mg/kg lifetime [9]. Bone weakening occurs
around 3,500mg/kg. Bone pathology from ingested water
fluoride has been widely described (NRC [9]; Connett et al.
[8] appendix 2) consistently in research animals. In spite of
variations in water hardness and the fact that man cannot be
controlled for variables as can research animals, more human
studies correlate 1 ppm fluoride ingestion with bone weaken-
ing than studies that do not. Before bone weakening occurs,
the abnormal incorporation of fluoride that is irreversible
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affects calcium whole body metabolism. In the normal cell, a
steep calcium concentration gradient varies from millimolar
levels outside in interstitial fluid to micromolar levels in cell
cytoplasm.Magnesiumexists atmillimolar concentrations on
both sides of the membrane. Fluoride ion has no functional
purpose in the cell but being attracted to these ions would
affect their chemical activity.

The chemical characteristics of fluoroapatite in living
bone tissue are not clearly understood. But fluoride accu-
mulation, being non-saturable and irreversible, is pathologic
not physiologic. Skeletal fluorosis poisoning from long-term
uptake involves fluoride sources with concentrations that
are obviously below that which would cause acute lethal
poisoning. In contrast, there are no fluoride blood levels low
enough to prevent incorporation into bone. Since fluoride
is not a normal body component, there are no endocrine
mechanisms to mobilize fluoride from bone after binding.
Although calcium fluoride is a “weak acid salt” because
it readily dissolves in acidic media, extracellular fluid is
alkaline pH 7.4. It is thus not surprising that fluoride
cannot be removed from bone. As an insidious poison it
can affect calcium homeostasis as it accumulates during
lifelong exposure (see Endnote 2). The accumulation can
slowly progress from bone weakening (at ∼3,500mg/kg) to
arthritis-type bone pain (∼7,000mg/kg) and, in some regions
of the world with high endemic fluoride in water, to total
immobility (∼10,000mg/kg) [8, 9]. At any stage, there is no
cure because fluoroapatite at extracellular pH is insoluble.
Before symptoms appear, fluorosis can only be detected by
expert X-ray analysis and is associated with bone being more
subject to fracture.

Teeth enamel is very much different than hydroxyapatite
in dentin and skeletal bone. Fluoride cannot incorporate
into translucent crystalline enamel as it efficiently can in
opaque underlying bony dentin. Once fluoride enters the
bloodstream and then bone tissue, its chemistry is patho-
logic since the fluoride has entered the sanctity of a living
organism. Stages II and III skeletal fluorosis have historically
been considered absent in the U.S. population (NRC [9]).
There is no reason to believe that this will remain as long as
more cities require fluoridation and more sources of fluoride
exposure continue to expand. Fluoridated drugs containing
C–F bonds that are partially metabolized and intended for
lifelong ingestion, such as some statins, are of concern.

In elder years with fluoride-loaded bone [8], continuous
consumption of fluoride with reduced binding sites available
in bone leads to accumulation in soft tissues, including brain
[8] and in ligaments, tendons,and aorta [16]. Fluoride can
cross the blood-brain barrier in man [11] and is found in
virtually all tissues [16] but concentrates in bone, thyroid,
aorta, kidney [16] and pineal gland in the brain [8]. This is
perhaps by passage as trace neutral HF comparable in size
to a water molecule. In animal brain (Reddy et al. [28]), this
blood level causes direct histopathology observed by electron
microscopy.

Long-term exposure appears to decrease IQ in children
(Connett et al. [8] pp. 148–156) even from natural fluo-
ride in water. Alum used as a clarifying agent in public
water systems produces residual aluminum ion (∼0.05mM).

Fluoride complexes with aluminum in the acidic stomach
and is assimilated. Binding of aluminum to abnormal brain
proteins in Alzheimer’s and in mammals that causes patho-
logic effects (Varner in: [8, 9]) indicates caution in consuming
aluminum fluoride from water in the presence of brain
abnormality. There are no cures for either bone fluorosis or
brain degradation. Thus, yearly incidence of new cases adds
directly to net prevalence for these conditions. The U.S. has
1/3 million hip fractures in the elderly annually [8] and lethal
Alzheimer’s cases have been steadily rising for decades (see
Endnote 3).

Systemic fluoride at sub-acute levels incorporates into
atherosclerotic plaque in coronary vessels of cardiovascular
disease patients directly revealed with PET scans in a study at
the Veterans Administration Healthcare Center, Los Angeles
(Yuxin et al. [29]). Fluoride is accumulated by the aorta
and concentrations increase with age that reflect calcification
that occurs in this artery [16]. The extent is determined
by water hardness and all sources of fluoride exposure.
Chronic ingestion of subacute concentrations of fluoride
from drinking water weakens heart muscle in animal studies
(CDC [5]) and can cause alterations in heart function in
humans (Varol et al. [30, 31]). Per capita cardiovascular
deaths increased after Grand Rapids, MI, and Newburgh,
NY, began industrial fluoridation (U.S. Public Health Service
Congressional Record, Mar 24, 1952). 1,059 heart disease
deaths occurred per year in 1948 in Grand Rapids, MI after
3 years of fluoridation but 585 yearly before fluoridation.The
NYNews, Jan 27, 1954 reported after 9 years of fluoridation in
Newburgh,NY therewere 882 heart deaths per 100,000which
was 74% above the National average. Increased incidence of
EKG abnormalities was reported to occur in patients having
tooth fluorosis in high natural fluoride areas (Xu et al. [32],
Takamori et al. [33]).

Ironically, the level of fluoride in saliva that filters from
the bloodstream after swallowing water with 1 ppmfluoride is
a miniscule 0.02 ppm average ([9] p. 71, personal communi-
cation K.Theissen, co-author of NRC Report). This is unable
to influence teeth caries at 75,000 times lower concentration
than in toothpaste at 1,500 ppm. Consistent with this, the
largest epidemiologic study in the U.S. found caries incidence
does not correspond to fluoride levels in water (Hileman
[34]). The largest international study indicates that caries
incidence is lowest in cities with the lowest levels of water
fluoride and with calcium-sufficient diets (S. P. S. Teotia and
M. Teotia [35]). The U.S. CDC [36] published that systemic
blood-borne fluoride from swallowing does not affect dental
caries. In fact, systemic fluoride plays the most major role in
causing the current U.S. high incidence of tooth fluorosis in
children that prompted the U.S Health and Human Services
to request in 2011 that water added fluoride be lowered from
∼1 ppm to 0.7 ppm. But this is not expected to eliminate the
problem.

Normal teeth enamel is a calcium phosphate matrix that
does not contain fluoride. Research animals raised under
controlled conditions in the complete absence of any fluoride
source, either natural or synthetic, develop normal teeth
enamel without increase in incidence of spontaneous dental
caries (reviewed in: Yiamouyiannis [11]). These controlled
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experimental data carefully using the scientific method
demonstrated in three separate laboratories that ingested
fluoride is not a mineral nutrient. In another animal study
1 ppm artificial fluoridated drinking water did not decrease
incidence of spontaneous dental caries. Thus fluoride does
not affect teeth caries by either a systemic mechanism after
assimilation or by direct contact with teeth surfaces from
either fluoridated saliva or from treated water in the tested
animals.

This enables one to understand the original correlation
proposed in the U.S. between natural calcium fluoride in
water and human caries incidence that attributed causation
to fluoride. The biologic essential minerals calcium, which
builds strong teeth and bone andmagnesium totaled 302 ppm
in the hard water at the time. Furthermore Ziegelbecker
found the original correlation was mere scatter and that
no relationship existed between caries incidence and water
fluoride concentration when all data are considered (Connett
et al. [8] p. 50). Fluoride in drinking water whether natural or
unnatural has no functional purpose. In fact this statement
was published in the textbook written by dentist Dr. George
Heard who first proposed to the Public Health Service in 1950
the idea that natural fluoride in water might be of benefit
for tooth decay. He apologized later for the extrapolation in
a letter to the U.S. Health and Human Services [37] after
finding that children raised on water with fluoride developed
crumbly teeth interiors. This is from fluoride incorporation
into underlying bony dentin.

Water districts most commonly now inject unnatural flu-
oride compounds into water to increase blood fluoride levels
in consumers (personal communication, CA Department of
Public Health official). The toxic hazardous waste produced
from fertilizer manufacturing, fluorosilicic acid H

2
SiF
6
, is

the most widely used substance (Connett et al. [8]; EPA
[38]). This was after an EPA official in 1983 described the
direct use of this waste as a source of fluoride for drinking
water supplies. Controlled human clinical trials for safety and
effectiveness have never been completed with water treated
with either sodium fluoride or fluorosilicic acid. The U.S.
Food and Drug Administration has never approved fluoride
compounds for ingestion in theU.S.The FDAhaswritten that
fluoride is not a mineral nutrient and has labeled fluoride in
water an uncontrolled use of an unapproved drug (Lovering
[7]). In 1966, the FDA banned the sale of fluorides intended
for ingestion by pregnant women due to lack of effectiveness
on dental health in offspring (Horowitz and Heifitz [39]).

Early interpretations of data from Newburgh, NY and
Grand Rapids,MI where synthetic industrial sodiumfluoride
was first infused into public water supplies in 1945 were
flawed, as pointed out by the dentist and academic statistician
Sutton [40]. Assimilated fluoride in the treated cities caused
delayed teeth eruption where missing teeth were improperly
scored as absence of cavities. Unbiased double blindmethods
were not used. Caries incidence in control cities were not
assessed synchronously, among other unanswered problems.
Bone cortical defects were attributed to fluoride assimilation
from the treated water supply [8].

Recent studies indicate that rather than strengthening
teeth, fluoride water consumption during teeth development

decreases calcium content in teeth with electron micro-
scopic structural abnormality and weakening (Susheela [41]).
Ingested fluoride abnormally incorporates substantially into
underlying dentin (NRC [9]). Ingested fluoride is of course
no value to adult teeth [16].

3.4. Other Fluorosilicic Acid Products in Water. Fluorosilicic
acid is not a source for fluoride in any natural water supply.
Its infusion quantitatively adds three ingredients: fluoride,
sodium, and silicic acid. Fluoride and sodium are not compo-
nents of pristine fresh drinking waters such as in the Pacific
Northwest. Neither fluoride nor silicic acid are listed in the
MerckManual for Health Care Professionals [6] or in Clinical
Chemistry (Teitz [18]) texts as constituents of normal human
blood because neither are mineral requirements.

Silicic acid H
4
SiO
4
from fluorosilicic is typically 0.6 ppm

when fluoride is adjusted to 0.8 ppm. Silicic acid with its
low dissociation constant remains the intact molecule at
alkaline pH and may be the ingredient that leaches lead
salts from lead-based plumbing that does not occur with
sodium fluoride. The EPA has no MCL for silicic acid
because it is historically believed to be harmless where found
in water supplies. Artificial silicofluoridation of municipal
water supplies however caused alligators to develop liver
silicosis that did not occur in alligators given water without
fluorosilicic acid [12]. NMR studies confirm that fluorosilicic
acid fully dissociates into fluoride ion and silicic acid at
community water pH but forms a silicofluoride complex at
pH 3 (identified as SiF

5

−) (Finney et al. [42]) as in stomach
acid. A positive view has been presented for possible benefits
of silicic acid consumption to cause soft fingernails and
changes in skin structure (Barel et al. [43]) due to stimulation
of collagen formation by fibroblasts. But this effect may be
nonphysiologic. Long-term effects on teeth enamel have not
been studied even though silicic acid is used in agriculture to
degrade calcium phosphate in soils.

In Figure 3 note that Southern California public drinking
water sodium levels increased from an average 80 ppm
prior to artificial fluoridation to an average 93 ppm after
2007 when fluorosilicic acid injections began that required
sodium hydroxide to neutralize acidity. Many plant species
that have thrived in this region including the widely cul-
tivated avocado are saline intolerant (Musyimi et al. [44]).
Elevated sodium in irrigation water can alter avocado leaf
number, chlorophyll content, chloride content, root weight,
and transpiration water loss rate. At 345 ppm sodium,
chlorophyll content is reduced in leaves by 40%, chloride
content by 42%, and transpiration rate of water loss 21%
after only 7 days with sodium at this level. In January,
2011 when the Health and Human Services recommended
that infused fluoride not exceed 0.7 ppm in public water
supplies [45], Metropolitan Water followed this request in
Southern California and the sodium level dropped back near
85 ppm.

3.5. Interpreting Fluoridation Policy. Federal water laws
were enacted by the U.S. Congress for the protection of
the Nation’s waterways that often cross State boundaries.
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Figure 3: Data are from public published water quality reports
from the Metropolitan Water District, Los Angeles, for sodium as
a function of year. The concentration increased progressively after
2007 when industrial fluorosilicic acid with caustic soda injections
began. Every 24 tons of fluorosilicic acid require 14 tons of sodium
hydroxide to maintain pH at 8.4 (two H+ ions from H

2
SiF
6
require

two sodium ions). Sodium at 116 ppm has been found to decrease
yields and affect vegetable and fruit quality. Sodium is released into
the Colorado River by scores of industries lining the river. The
EPA Salt Abatement Program limits releases from companies to
one ton daily each, but the existence of numerous sites have led
to this level. The EPA secondary standard for TDS (500 ppm) is
exceeded but is not enforced—plants can tolerate natural TDS from
800 to 1000 ppm. No MCL has been developed by EPA for sodium,
since fresh water has historically been low in sodium. Sodium is
absent from pristine fresh drinking water, and the National average
is 15 ppm. The Colorado River winds 700 miles from Western
Wyoming to Southern California and the Mexico border. The speed
of the river flowing at a typical width of 900 ft. is 4.5 ft/sec. with
an estimated travel time of 9.5 days along its course. The source of
fluoride along its length that produces the fluoride level of 0.2 ppm
is presumably natural but has not been identified.

The Water Pollution Control Act conceived by President
John F. Kennedy states that its mission is to maintain the
natural chemistry of the Nation’s water. The Safe Drinking
Water Act provides an exception that allows additives that
sanitize drinking water but otherwise prohibits any National
requirement for the intentional incorporation into water of
other substances regardless of perceived benefit.This includes
foods, supplements, nutrients, drugs, poisonous substances,
or pollutants. Together with the WPCA, this also includes
ingredients that may be present naturally in one particular
water that are absent or at lower levels in other waters.
Natural U.S. waterways are a heritage that are under Federal
protection. The SDWA also stipulates that States can be no
less restrictive.

In practice, it has proven difficult to follow Federal
water law in its entirety because of human industrial and
other activities. In the case of “fluoridation,” Oral Health
Division officials within the CDC endorse and encourage
ingestion of fluoride from water at dictated concentrations.
The beliefs are that it is a systemic dental treatment and
that natural calcium fluoride contaminant in some waters
might suggest it is a desired water ingredient. Unable to
mandate a Federal requirement, the CDC encourages States
to do so. Some States legislate “mandatory fluoridation.” But
this does not consider the requirements of all Federal water

law taken together and can thus be argued to be invalid
(Balog [46]).

The Congress assigns to the FDA full authority to reg-
ulate use of any oral ingested substance to treat humans
including nutrients, approved drugs, unapproved drugs, and
substances used as drugs or treatments, regardless of method
of dissemination. As mentioned, the FDA banned the sale
of fluoride compounds intended to be taken internally by
pregnant women. Yet industrial fluoride is consumed by the
general public in those 70% of all districts that artificially
fluoridate water.

No Federal agency accepts liability for the unnatural fluo-
ride infusions (Connett et al. [8]). The FDA wrote that added
fluoride is a contaminant for regulation by the Environmental
ProtectionAgency [46] and does not require labeling fluoride
content of bottled water to avoid public perception that
fluoride might be thought to be a normal ingredient in
water.The EPA considers intentionally added fluoride a water
additive and accepts no authority for its regulation and allows
states and cities to fluoridate. Yet, EPA offers assistance in
the use of chemicals certified by the private organization
the National Sanitation Foundation [8]. The NSF denies
liability for use of fluorides [47] and does not publicly
disclose all safety or effectiveness data for its use as a water
additive. The CDC endorses the practice but shuns liability
and regards fluoride in water as a supplement ingredient
for teeth. Only the FDA is authorized to regulate dietary
supplements.

Water districts rely on State Health Departments for safe
conditions of use.These departments are under the CDC and
also refuse liability and assign liability to the cities themselves.
Litigation over the Hooper Bay incident pitted State versus
city disputing liability. The EPA and CDC advise compliance
with NSF Standard 60 requirements for fluoridation chemi-
cals. But NSF neither discloses its detailed composition (for
proprietary reasons) nor performs toxicity testing (Connett et
al. [8] p. 26–28). NSF labels fluoride in water a contaminant,
as does the EPA, except when added purposely as an “addi-
tive” (NSF [47]). But additives are chemicals that treat water
for sanitation, not to treat humans through internal ingestion.
Chemical supplier data sheets also place liability on the end
user.

Standard 60 requires that all water additives be allowed
to only 10% of any EPA maximum contaminant level MCL
which for the fluoride contaminant developed for natural
water containing calcium is 4 ppm. Unnatural fluoride has
been infused typically to 1.2 ppm, 30% of the MCL. This
evasion of the NSF toxicology rule is allowed in part by
considering it as a normal ingredient in water [8]. As evident
in the present article, labeling the fluoride anion alone as
a water ingredient without consideration of the associated
positive ions and its environment is incorrect. Natural fluo-
ride in water is always accompanied with calcium from the
dissolved salts. The EPA MCL was based on observations
from natural calcium fluoride in water. Additional sources
of industrial fluoride have now become considerable, and
many water sources are very low in calcium content. Thus,
the EPA MCL does not apply for industrial added fluoride
or for many regions such as the soft water Pacific Northwest.
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A separate MCL is necessary for fluoride from industrial
sources that also considers varying levels of interacting
endogenous calcium.

NSF Standard 60 for water additives is not applicable
to chemicals added to alter human tissue. The purpose of
fluoridating water supplies is to affect teeth from ingestion
and internal consumption of fluoride. Prescriptions have
long been required for those who desire that children ingest
sodium fluoride (Luride tablets) for perceived dental effect
[48]. The tablets are not FDA approved to be taken internally
but nevertheless still remain allowed by prescription. Total
fluoride exposure from all sources must be monitored by
prescription because ingested sodium fluoride rodenticide
acts acutely through calcium sequestration, and subacute
doses taken long-term of course cause cumulative pathology.
Most prescriptions state that the drug is not to be used in
areas where water contains 0.6 ppm fluoride or higher [48].
Dosage instructions in the Physician’s Desk Reference [48]
have varied from 1994–2013 and in 1998 state—Warning: Do
not use Luride 1mg tablets for children under age 3 or use
in patients under age 6 when fluoride water content exceeds
0.3 ppm. Luride tablets in any strength are contraindicated
for all age groups when fluoride content of drinking water
exceeds 0.6 ppm.The 2013 issue has similar warnings for vita-
mins with added sodium fluoride. These restrictions attempt
to minimize abnormal enamel fluorosis and other adverse
pathology but does not consider the endogenous water
calcium level, other widespread fluoride sources that equal
or exceed the prescribed dose even when drinking water is
devoid of fluoride (Lee [49]), and that fluoride ingestion is
not FDA approved. Cities fluoridate water to 0.7 ppm or
higher but do not announce that use of fluoride tablets should
be discontinued or that systemic fluoride is a recognized
neurotoxin in animals andman that accumulates abnormally
and permanently into bone [8, 9]. Thus officials within the
CDC, NSF, and EPA appear to be unaware that these agencies
taken together recommend, certify, allow and describe the
consumption of industrial fluorides from treated drinking
water supplies. This perturbs the prescription process and
interferes with public understanding that industrial fluorides
are toxics and are not FDA approved for ingestion.

The SDWA states “No National primary drinking water
regulation may require the addition of any substance for
preventive health care purposes unrelated to contamination
of drinking water” (Graham andMorin [50]). Chlorination is
used for sanitation. But fluorides are added to treat humans.
This provision was specifically intended to prohibit the use
of the SDWA as a means to impose artificial fluoridation
of public water supplies throughout the U. S. (Graham and
Morin [50], note 88, p. 213). Yet Federal and state agencies
and chemical suppliers assign all liability to cities, which are
typically the least informed of the risks and do not necessarily
carry insurance that would cover fluoride-related litigation. A
California law attempts tomandate “fluoride” (see Endnote 1)
in public water supplies without listing the specific substance
required. Since the toxicity of all compounds containing fluo-
ride is determined by its ionic co-ingredient, the law is neither
actionable nor a mandate. Funds for silicofluoridation are
typically derived from tobacco tax money, dental insurance

premiums, or directly from ratepayers. San Diego citizens
voted twice against adding fluoride compounds into water
but fluorosilicic acid infusions began there in 2011.

Silicic acid has no EPA MCL so a standard of 16 ppm
was created and deemed safe as an allowed maximum
without conducting or soliciting toxicity studies that NSF
documentation requires [47]. This is thus circular reasoning.
NSF states that silicic acid infused to 0.8 ppm in fluoridated
water is below a safe standard. But NSF helped determine the
standard deemed to be safe without toxicity data to back it up.
The EPA has authority to prohibit the intentional addition of
any contaminant under the authority of the SDWA. Instead,
a current EPA fact sheet on hazardous waste fluorosilicic acid
describes its use as an ingestible dental prophylactic for use
in water supplies (EPA [38]).

The FDA requires a new drug application for anymaterial
containing HF intended for human ingestion [51]. Fluo-
rosilicic acid typically contains 1.5–2%HF. The EPA fact
sheet focused on the upper portion of the titration curve in
Figure 2(b) where HF is negligible above pH 4.2 to imply
the material is safe for long-term oral ingestion. However, as
shown in this paper, fluoride converts to HF below pH 4 as
in the acidic stomach and is contraindicated as a proposed
human treatment.

The FDA ruled in 1975 that fluoride is not considered
safe to add to foods (Sutton [40]). But fluoride drinking
water regulations are still being revised by the U.S. Health
and Human Services (HHS). The HHS and EPA joint rec-
ommendation in 2011 to lower the allowed fluoride level in
water was a temporary response to requests made by the
NRC. It is not expected that the FDA would approve soluble
fluorides for ingestion because controlled human clinical
trials data are required for review. It would be unethical to
conduct human trials when industrial fluoride at blood levels
typically found in residents of fluoridated cities is recognized
as a neurotoxin, a non-physiologic mitogen ([9] page 337
Table 10-5), a general enzyme inhibitor, and a permanent
bone perturbant during chronic consumption [8, 9]. This
author submitted a petition to the FDA requesting a general
ban on the sale or use of all industrial fluorides intended
for internal ingestion by dissemination through public water
supplies in the U.S. The petition was accepted for review in
2007 and remains pending (FDA [37]).

4. Conclusions

This study indicates that industrial fluoride added to drinking
water forms intact corrosive hydrofluoric acid under acidic
conditions that prevail in the stomach of man (pH 1.5–3) and
animals. Ingested fluoride fromwater enters the bloodstream
as an artificial component, not a normal constituent, and dis-
rupts intermolecular hydrogen bonding, forming interatomic
hydrogen bonding. Fluoride influences calcium homeostasis.
Accidental higher levels of fluoride known to cause acute
lethality compare with calculated levels that would begin
calcium precipitation at physiologic calcium concentrations
in blood. The difference between the single oral acute flu-
oride dose of 60mg/kg body weight and the lethal blood
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concentration of 2-3 ppm, calculated here and observed clini-
cally in blood after accidental fluoride poisonings,may be due
in part to fluoride elimination by kidneys and accumulation
by bone during assimilation of the ingested oral dose. It is
not possible to reach an acute lethal blood level of industrial
fluoride from treated water unless there were an accidental
overfeed. 1 ppm water leads typically to ∼0.2 ppm blood
fluoride. But only ∼1 ppm blood levels cause a chronic form
of congestive heart failure (found after hemodialysis with
fluoridated water) and 2-3 ppm causes acute heart failure.

The infusion of industrial fluorosilicic acid with caustic
sodium hydroxide into water supplies introduces sodium,
that is not a component of fresh drinking water, plus fluoride
without calcium. Sodium and fluoride are the ingredients
used in rodenticides and in the prescription drug Luride
which is not approved by the FDA for ingestion. Ingested
sodium fluoride from treated water does not reduce caries
either systemically at 0.2 ppm or topically from saliva at
0.02 ppm. Instead it increases the incidence of unsightly
abnormal dental fluorosis hypoplasia in all treated cities. The
policy adopted by the U.S. Public Health Service in 1950
remains encouraged by the trade organization the American
Dental Association, dental insurance providers, and dental
officials in the Oral Health Division. But none of these groups
has authority to chemically treat public water supplies. The
rationale for the infusions remains based on early observa-
tions that were not supported by careful experimentation
using the scientific method. When examined in detail this
proved to be an anecdotal incorrect correlation.

Federal law prohibits any requirement for substances
added into water other than to sanitize water, regardless
of ascribed benefit. And yet, plain water without added
industrial fluoride is now scarce in U.S. public supplies.
The decision to infuse industrial fluoride compounds into
public water supplies to permeate the blood and organs of
consumers with fluoride as an ingested dental prophylactic
was an error that resulted in serious consequences including
loss of life. Althoughmany believe that the infusions decrease
caries without causing systemic damage, the data reported
here along with other published studies do not support the
policy [1, 7–12, 26, 27, 30–35, 40, 41, 52–54]. Insidious effects
that can occur on musculoskeletal, neurologic, reproductive,
and endocrine systems from long-term ingestion of fluoride
in water [8, 9, 11] and the cardiovascular effects discussed
here emphasize the seriousness of fluoridation especially in
soft water regions lacking antidote calcium. Also fluoride
exposure is now from diverse sources.

Adding substances in water that are unnatural, harmful,
illegal, and ineffective in its stated purpose violates univer-
sally accepted consumers’ and patients’ rights of refusal. This
is because fluoride at subsaturation levels is not easily filtered.
A legal review described the policy as un-Constitutional
(Balog [46]). Enamel hypoplasia and caries are not caused
by absence of fluoride. Essentially all European countries
do not fluoridate public water supplies but some do offer
optional fluoridated salt that is not as extensively consumed
as water. Opposition has been widely publicized in the U.S.
(Abby Martin and RT News [55] and the documentary film
Fluoridegate [56]), Canada, and the U.K. [52, 53, 57]. Citizens

mostly vote against fluoridation but the SDWA should have
been sufficient law to avoid the need for voting. The city
of Portland, Oregon recently voted against fluoridation for
the fourth time and remains untreated thus far. 61 cities in
Nebraska voted against fluoridation over the period 2008-
2009, effectively overruling a state mandate. The policy does
not accommodate kidney dialysis patients and those who are
normally fluoride-sensitive [12]. For all who object, the policy
evades human decency.

5. Endnotes

1. Definition of terms fluoride, a fluoride, fluorides, fluo-
ride mineral(s), mineral fluoride(s), fluorine, fluoride com-
pound(s): In chemical nomenclature “ide” refers not only
to the nonmetal anions but also to all binary compounds.
Fluoride is the ion F−. It can be found naturally in minerals or
dissolved fromminerals as the free ion in water accompanied
with cations with which it coexists. “A fluoride” refers to
compounds containing fluoride including natural minerals
and industrial compounds or to a single fluoride ion. “Flu-
orides” refer to any compounds containing fluoride, natural
or otherwise. Fluoride minerals or mineral fluorides are the
natural compounds that contain the fluoride ion.

Fluorine specifically refers only to pure elemental
diatomic molecules of the atoms, F

2
. Even though commonly

done in respected reference sources, it is incorrect to state
that fluorine has a natural abundance on the earth’s crust.
It does not. Elemental fluorine does not exist in nature. It
is also incorrect to state that fluoride in the earth’s crust is
a mineral. Natural sources that contain the fluoride ion are
fluorite, cryolite, and fluorapatite [4]. Fluorite is found in
metallurgical, ceramic, and acid grade with CaF

2
content

ranging from 60–97%. These are natural fluoride minerals
or mineral fluorides. But there is no mineral called fluoride
(even though “a fluoride” can refer to a natural fluoride
mineral).

The difference between industrial fluoride and fluoride
minerals is chemically and biologically vast. Natural mineral
fluorides are not absorbed well when ingested because of
the natural metal cations that accompany fluoride. Having
no biologic similarity at all with natural fluoride minerals,
industrial manufactured fluoride compounds have cations
that replaced those in the natural mineral. Sodium fluo-
ride is an industrial, fully soluble, metal-nonmetal fluoride.
Fluorosilicic acid is an industrial, fully soluble, metalloid-
nonmetal fluoride.

The CDC website on fluoridation writes extensively
that there is “no difference” between natural and industrial
fluoride since the ion is itself identical in all materials. But
the reactivity and toxicity of fluoride ion is determined by
the positive cation company it keeps. Free fluoride ion in
some water supplies as a contaminant is naturally present
from natural fluoride minerals that exhibit low solubility.The
equilibrium double-arrow natural partial dissolution of the
insoluble solid into some waters is given by: CaF

2
(s) ↔

Ca2+(aq) + 2F−(aq). Industrial fluorides stripped of nat-
ural mineral cations lack antidote calcium and are fully
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assimilated from artificially treated water with insufficient
calcium.Theunnatural industrial fully solublematerial reacts
to completion, approximated as: H

2
SiF
6
+ 6NaOH →

6F−(aq) + 6Na+(aq) +H
4
SiO
4
(aq) + 2H

2
O.

Binary covalent compounds can be labeled fluorides
when the fluorine atom is synthetically attached to a non-
metal atom as in fluorocarbons. These compounds, binary
or not, do not contain either the fluoride charged ion F− or
the neutral fluorine F atom and are often labeled fluorinated
substances rather than fluorides because of partial charge
separation. The unnatural C-F bond is lipophilic.

2. The average lifespan for many animal species is reduced
significantly by providing 1 ppm fluoridated water for their
entire lives (Yiamouyiannis [11], Spittle [12]). Alligators died
prematurely living in the treated water. Horses turn over
whole body water quickly and perished from complications
due to continuous exposure to fluorosilicic acid treated
soft water over a 9 year period. Recent evidence suggests
that aluminum treated silicofluoridated water in Southern
California since 2007 appears to be a contributing factor
in the increasing incidence of racehorse deaths in Southern
California (upcoming editorial in Fluoride).

No citizens have yet been exposed to industrial fluoride
treated water for an entire human average lifetime of 75 years
even though retained fluoride accumulates during chronic
continuous exposure. Grand Rapids treated since 1945 could
have individuals who have consumed fluoridated water for
68 years. It has long been known that lifetime (>60 years)
consumption of water with 1 ppm natural fluoride in the
absence of fluoride toothpaste causes fluoride to accumulate
into bone to 4,000mg/kg, a level associated with weakening
of bone, making bone more subject to fracture (NRC, [9]). In
2000, there were 2.6 million medically treated non-fatal fall-
related injuries (Stevens [58]) withmedical care costs totaling
19 billion dollars. Consumption of 1 ppm industrial fluoride
from drinking water together with fluoride toothpaste and
other fluoride sources for 68 years would be expected to
cause far larger fluoride incorporation. Besides possible shifts
in the IQ of the population to a lower mean, bone fluoride
accumulation could be associated with arthritis-type pain.
The subset of the population with atherosclerosis would have
more extensive fluoride incorporation into the aorta which
is an inappropriate risk when cardiovascular disease is the
nation’s leading lethal disease entity. And 1% of the people
would need to live with fluoride hypersensitivity by avoiding
treated water supplies or by moving away from the area.

Fluorides used as dental treatments in pastes and gels can
be avoided. But fluoride added intowater supplies is a burden.
The ion compares in size to water molecules and is difficult
to eliminate except with sophisticated procedures including
high pressure reverse osmosis (∼0.27 nm pore size), binding
by specially prepared bone char, or distillation. Millions of
dollars can be saved for any city by simply not purchasing
waste fluorosilicic acid and instead treating caries differently
with promotion of sufficient dietary calcium phosphate to
help maintain strong teeth. Blood calcium homeostasis is
a far more important consideration than are dental caries.
Fluoridation equipment and fluoridation engineers can easily

become involved in removing EPA contaminants from water
instead of adding them into water. The presence of natural
calcium fluoride in some waters should not be labeled
“natural fluoridation”. Fluoridation refers to the intentional
addition of fluoride compounds which are mostly soluble
industrial synthetic fluoride toxic calcium chelators into
water supplies to treat humans. Fluoridation needs to be
revoked as a general public policy because the actual purpose
of drinking water is to hydrate living cellular tissue with H

2
O.

Daily amounts depend on level of physical activity, health
conditions (diabetics require more water), personal taste,
environmental and other factors.

3. The prevalence of Alzheimer’s disease in the U.S. is 4-5
million people. The cost of care for Alzheimer’s, chiefly for
nursing care facilities, totals 2 billion dollars annually in the
U.S. (New England Journal of Medicine, 2013 in press). 75%
of Alzheimer’s victims require nursing home care, compared
to 5%without Alzheimer’s. It is the 6th leading cause of death
and has no cure or effective treatment. It is themost expensive
in costs of care of any disease entity in the U.S. The EPA
recently classified fluoride as a neurotoxin but this requires
clarification. Fluoride minerals are not neurotoxins, because
fluoride is not absorbed from ingestedminerals. Free fluoride
ion in drinking water can be so classified, but industrial
fluoride sources are assimilated more readily than fluoride
from hard water or from natural calcium fluoride. Blood-
borne fluoride regardless of source is neurotoxic and should
be avoided from any source by individuals with neurologic
conditions such as autism and Alzheimer’s disease. Brain
pathology can produce symptoms that are not necessarily
readily quantified but recent studies confirm that fluoride
levels in blood directly correlate with measurable reduction
in IQ (Xiang et al. [54]).
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In the recent years, not much environmental monitoring has been conducted in the territory of Kosovo. This study represents
the first comprehensive monitoring of the drinking water situation throughout most of the territory of Kosovo. We present the
distribution of major andminor trace elements in drinking water samples fromKosovo. During our study we collected 951 samples
from four different sources: private-bored wells; naturally flowing artesian water; pumped-drilled wells; and public water sources
(tap water). The randomly selected drinking water samples were investigated by routine water analyses using inductively coupled
plasma mass spectrometry (ICPMS) for 32 elements (Li, Be, B, Na, Mg, Al, K, Ca, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, As, Rb, Sr, Mo,
Ag, Cd, Sn, Sb, Te, Ba, Tl, Pb, Bi, Th, U). Even though there are set guidelines for elemental exposure in drinking water worldwide,
in developing countries, such as Kosovo, the lack of monitoring drinking water continues to be an important health concern. This
study reports the concentrations of major andminor elements in the drinking water in Kosovo. Additionally, we show the variation
of the metal concentration within different sources. Of the 15 regulated elements, the following five elements: Mn, Fe, Al, Ni, As,
and U were the elements which most often exceeded the guidelines set by the EU and/or WHO.

1. Introduction

The importance of water and its impact on human health and
the environment resulted in the establishment of the Water
Framework Directive (WFD) by the European Union (EU).
The goal of WFD is to achieve qualitative and quantitative
status of all water bodies by 2015 in all EU member states
[1]. While European member states continue to control the
sources of pollution and focus on improving the quality of
the environment, developing countries, such as Kosovo, lack
basic monitoring of any kind of water pollutants, and, as a
consequence, human health could be at risk.

Kosovo declared independence on the February 17, 2008.
The youngest European country is still far behind the central
European standards. Before the war of 1999, one of the
Kosovo’s mining sites, “Trepça,” with its 40 mines, millings,
smelters, and factories, was considered to be one of the most
important mining districts in Europe [2].The site production
has now ceased but no information on the risk of metal
exposure or how the mining sites deposited their wastes
throughout the territory of Kosovo is available. Smelters,
mines, and industrial activities lead to metal contamination

of soil, which can influence the quality of groundwater
[2]. More than a decade later, there are still no studies on
the environmental pollution or its impact on the human
population. Groundwater movement is quite slow; therefore,
even pollution deposited years earlier from industrial, agri-
cultural, or even construction activities will impact human
years later [3, 4]. It is well known that various elements
occur naturally in the groundwater in many parts of the
world and many people are ignorantly exposed to them. The
lack of research and modern analytical facilities is of major
concern for public health. Furthermore, Kosovo has limited
water resources which in the future will be a limiting factor
for economic and social development. Any new scientific
findings and resources will be useful to Kosovo’s authorities
and researchers as they plan and construct future water mon-
itoring institutions to provide efficient protective measures
for its own population, as well as neighboring populations.
An attempt to study the groundwater profile in Kosovo has
not yet been conducted. In addition, aside from its own pop-
ulation, Kosovo’s water quality could have a negative effect
on the neighboring countries, especially considering that the
drainages of the Kosovo’smain four river basins are outside of
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Kosovo’s territory: “Drini i Bardhe” drains into the Adriatic
Sea across Albania; “Ibar” and “Morava e Binqes” drains
into the Black Sea across the Danube River through Serbia;
and “Lepenci” drains into the Aegean Sea across Vardar
in Macedonia [4, 5], which means that no polluted water
crosses into Kosovo’s territory. Moreover, the Organization
for Security and Co-operation in Europe (OSCE) Mission in
Kosovo in its 2008 report on human rights reported water
shortages, poor water infrastructure, and contamination of
water sources especially in rural areas.The report questioned
the wells’ and springs’ quality as well as their impact on
human health [5].

The European Union and World Health Organization
(WHO) have set guidelines of drinking water quality [6, 7].
The objective of the drinking water guidelines is to protect
the health of the consumers. Developing countries, such as
Kosovo, need to comply with the EU and WHO guidelines
for regulation and set standards for safe drinking water.

To date, most of the articles published about the envi-
ronmental state of Kosovo are focused on depleted uranium
[4, 8–15] with few soil science studies [2, 16, 17]. Information
on drinking water and/or groundwater streams is limited.
This led us to explore the drinking water and/or groundwater
quality in Kosovo by analyzing the elemental composition
of drinking water samples using inductively coupled plasma
mass spectrometry (ICPMS). ICPMS is a suitable analytical
technique for environmental trace analysis with low detec-
tion limits, multielemental qualifications, and high sample
throughput [18]. Therefore, we present the first picture of the
drinking water profile in Kosovo and whether the quality
meets EU andWHO drinking water standard guidelines. We
measured 32 elements (Li, Be, B, Na,Mg, Al, K, Ca, V, Cr,Mn,
Fe, Co, Ni, Cu, Zn, Ga, As, Rb, Sr, Mo, Ag, Cd, Sn, Sb, Te, Ba,
Tl, Pb, Bi, Th, U), of which fifteen elements are regulated by
the EU or WHO. Additionally, we will discuss and compare
the quality of different water sources.

2. Materials and Methods

2.1. Study Site Description. Kosovo has a land size of
10,887 km2 (between 42∘4156.85N and 21∘1118.92E and
42∘3959.20N and 20∘2659.26E), a population of approxi-
mately 2 million, and a density of about 200 people per km2.
The land is mostly used for agriculture and forestry with
little industrial activities. Kosovo is located in the middle of
southern Europe, in an area known as the Balkans, and is
bordered by Macedonia, Albania, Montenegro, and Serbia.
The geographical location of Kosovo connects central and
southern Europe, as well as the Adriatic Sea and the Black
Sea. It is quite a strategically important region.

Throughout Kosovo, Figure 1, 951 drinking water samples
were collected from privately bored wells, naturally flowing
artesianwater, pumpeddrilledwells, and publicwater sources
(tap water). The majority of the samples taken are from
private, individually bored wells coming from groundwater.
These wells represent the primary water supply for most
of Kosovo’s population. The water-sampling points were
chosen randomly, mostly in the rural areas and based on
the population density of the country. Information about the
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Figure 1: Map of Kosovo and location of the sample sites.

sampling points was collected on an individual basis for every
drinking water source during sampling and recorded in the
field logbook.

The sampling coordinate points were obtained with
Google Earth, version 5, and recorded in the field logbook,
whereas the drawing of the Kosovomaps, Surfer, version 8.00
(Golden Software Inc., CO, USA) was used.

2.2. Reagents and Reference Materials. Samples in the field
were acidified with Trace Metal Grade 67–70% nitric acid
(Fisher Scientific, Germany). The solutions and reference
materials were prepared with Milli-Q water purification
system with a specific resistivity of 18.2MΩ cm (Millipore,
Milford, MA, USA). Concentrated nitric acid (p.a) from
Merck (Darmstadt, Germany) was further distilled in a
quartz subboiling distillation unit. Stock standard solutions
Merck VI multielemental (Merck, Darmstadt, Germany)
and Communications and Power Industries (CPI) Interna-
tional (Santa Rosa, CA, USA) were used for preparation of
external and internal calibration standards. Commercially
available reference water materials form National Institute
of Standards and Technology (NIST) Standard Reference
Materials (SRM), NIST SRM 1643e (Gaithersburg, MD,
USA), and Department for Agrobiotechnology (IFA) Test
Systems (BOKU,Tulln, Austria) referencewaterwith certified
elemental concentrations were used for analytical quality
controls.

2.3. Sample Collection and Preparation. The water samples
were collected between June, 2009, andMarch, 2010, in 50mL
polypropylene sterile cellstar centrifuge tubes (Greiner Bio-
One, Frickenhausen, Germany). For each sampling point, the
same sampling team collected the samples. Before sampling,
the water was run for at least 5 minutes, and the vials were
rinsed three times with the water to be sampled. The vials
were first filled with 2/3 of the maximum volume, closed
with the caps and shaken for approximately 30 seconds.
The rinsing water was discarded and the vials were filled
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with the water to the upper edge. Replicates of every sample
were collected as a backup. The replicate samples were not
used for analysis. In the field, 100 𝜇L trace metal grade
67–70% nitric acid was added. The water samples were
labeled with a unique sample identification number and
packed for transport to Graz for analysis. All of the samples
were analyzed approximately one month after sampling. The
samples were analyzed in groups.

Water samples were neither filtered nor diluted prior
to elemental measurement. They were transferred to 10mL
polystyrene single use tubes (Brand, Wertheim, Germany)
and acidified to 10%with nitric acid (v/v). Studies have shown
that the discrepancy between filtered and unfiltered samples
is quite small and that filtration could in fact introduce
contamination of samples [19]. Furthermore, we wanted to
have the exact information on the quality of the drinking
water distributed to people of Kosovo.

All calibration standard solutions and blank solutions
were prepared with ultrapure water from the Milli-Q purifi-
cation system in a 10mL polystyrene tube. Three different
calibration standard solutions were prepared daily in order
to cover the wide range of elemental concentration in the
drinking water. The first set of calibration standards with a
concentration range of 0.01 to 1 𝜇g/L, consisting of elements
Li, Be, B, Al, V, Cr, Mn, Fe, Co, Ni, Ga, As, Cu, Zn, Rb, Mo,
Ag, Cd, Sn, Sb, Te, Ba, Tl, Pb, Bi, Th, U, was diluted from
1000mg/L Merck VI multielemental stock standard solution
and 1000mg/L, Sb, Sn, Th, respectively, from CPI stock
standard solutions.The second set of calibration standards of
concentration ranging from 5 to 100𝜇g/L was diluted from
1000mg/L Merck VI multielemental standard solution of Li,
Be, B, Al, V, Cr, Mn, Fe, Co, Ni, Ga, As, Cu, Zn, Rb, Mb, Ag,
Cd, Te, Ba, Tl, Pb, Bi, U. The third calibration set of standard
solutions with a concentration range from 50 to 50000 𝜇g/L
of Na, Mg, K, Ca, Sr was prepared from 10000mg/L standard
solutions of Na, Mg, K, Ca, and 1000mg/L Sr from CPI stock
standard solution, respectively.The calibration standard solu-
tions were acidified to 10% (v/v) with nitric acid. Finally, the
internal standards of 500𝜇g/L of Sc, Ge, In, Lu, were prepared
from 1000mg/L CPI stock standard solutions.

2.4. ICPMS. The routine analyses of the water samples were
performed using inductively coupled plasma mass spec-
trometry (ICPMS, Agilent 7500ce, Agilent Technologies,
Waldbronn, Germany).The ICPMS was equipped with a col-
lision/reaction cell system, anASX-510 autosampler (CETAC,
Nebraska, USA), an integrated sample introduction system
(ISIS) and a Mira Mist nebulizer (Burgener Research Inc,
Ontario, Canada). The following isotopes were measured in
the no-gas mode (7Li, 9Be, 11B, 43Ca, 65Cu, 66Zn, 85Rb, 88Sr,
95Mo, 105Ag, 111Cd, 118Sn, 121Sb, 125Te, 137Ba, 205Tl, 208Pb,
209Bi, 232Th, 238U) and Helium mode (23Na, 24Mg, 27Al, 39K,
51V, 53Cr, 55Mn, 56Fe, 59Co, 60Ni, 71Ga, 75As). Whereas, 45Sc,
74Ge, 115In, 175Lu were used as online internal standards for
corrections.

2.5. Measurement and Analysis. When analyzing a large
number of samples as well as a wide range of elemental

compositions, it is quite important to prove that the analytical
method used in the study is acceptable for its intended
purpose. To do so, we performed daily instrumental opti-
mization and used online internal standard. We ensured
precise measurements through reference materials for the
trueness of our measurements and through the drift control
and repeatable sample measurements.

The plasma operating conditions such as torch alignment,
RF power, and nebulizer flow rate were selected for high
sensitivity and low oxide ratio. Additionally, suitable ion lens
voltage for maximal signal was optimized daily with the
tuning solution (1𝜇g/L Li, Y, Tl, Ce, Co, Fe, Se, and Cr in
2%HNO

3
). Tomaximize the signal, reducematrix effect, and

balance themeasurement drift, the internal standard solution
of Sc, Ge, In, and Lu, covering the range of all atomic masses
of the elements analyzed, was continuously nebulized online
with the final concentration of 100 𝜇g/L.

To ensure accurate measurements of trace elemental
analysis of the drinking water samples, NIST SRM 1643e and
IFA Test Systems reference water were analyzed at regular
intervals.Whenmeasuring awide range of elements, it is hard
to find a suitable referencematerial for all of the elements ana-
lyzed. To further ensure precise analytical methods through-
out of the entire sample analysis, a blank, a drift control
and duplicate sample where measured repeatedly after every
15th sample. The concentration of the duplicate samples was
nearly identical and, moreover, drift stability over a period of
28 hours was achieved.

From the pool of 951 samples, we resampled 32 samples
with higher and unrealistic concentrations of certain ele-
ments. The comparison of the results between the repeated
samples showed good agreement.

The elemental concentration of most of the samples
was above the calculated quantification limit, where major
elements had detection limits in the 𝜇g/L scale depending
on the element, whereas for the trace elements the detection
limit was in ng/L range.We present elemental concentrations
only above the smallest concentration of our lowestmeasured
calibration standards (0.01𝜇g/L).

Statistically, the data was handled by Stata data analysis
and statistical software, version 7.0 (Stata Corporation, TX,
USA) and Excel 2007. A statistically significant (𝑃 = 0.05)
difference of drinking water sources for the different elemen-
tal concentrations measured was tested.

Due to the fact that a high percentage of samples was
below the limit of quantification (Be 87%, Ga 70%, Ag 96%,
Sn 73%, Te 71%, Tl 84%, Bi 95%, and Th 83%) only 23 out of
the 32 elements analyzed will be reported and discussed here.
Mercury requires preservation, which was not performed
during the field sampling in Kosovo and as a result will not be
reported or discussed. Furthermore, for the sake of brevity, U
will be discussed elsewhere.

3. Results and Discussion

The quality of drinking water is a worldwide concern. It is
important to monitor its quality prior to any further precau-
tions [20]. This study presents and reports the concentration
levels of metals in the drinking water and/or groundwater
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Table 1: Values of certified and calculated NIST 1643e SRM reference water analyzed by ICPMS and internal standard used for correction.

NIST 1643e SRM, 𝑛 = 7
Element (Unit) Certified ± STD Measured ± STD Trueness mean ± STD Internal standard
Li (𝜇g/L) 17.4 ± 1.7 17.9 ± 1.0 102.7 ± 5.4 Sc
Be (𝜇g/L) 13.64 ± 0.17 13.50 ± 0.39 99.0 ± 2.9 Sc
B (𝜇g/L) 154 ± 3.9 161.4 ± 7.7 104.8 ± 4.8 Sc
Na (mg/L) 20.23 ± 0.26 20.58 ± 0.42 101.7 ± 2.0 Sc
Mg (𝜇g/L) 7841 ± 98 8077 ± 247 103.0 ± 3.1 Sc
Al (𝜇g/L) 138 ± 8.6 146.0 ± 2.4 105.8 ± 1.7 Sc
K (𝜇g/L) 2034 ± 29 1975 ± 53 97.1 ± 2.7 Sc
Ca (mg/L) 32.3 ± 1.1 30.0 ± 0.89 92.7 ± 3.0 Sc
V (𝜇g/L) 37.86 ± 0.59 37.33 ± 0.60 98.6 ± 1.6 Sc
Cr (𝜇g/L) 20.4 ± 0.24 20.78 ± 0.43 101.8 ± 2.1 Sc
Mn (𝜇g/L) 38.97 ± 0.45 37.73 ± 0.82 96.8 ± 2.2 Sc
Fe (𝜇g/L) 98.1 ± 1.4 100.2 ± 1.1 102.2 ± 1.1 Sc
Co (𝜇g/L) 27.06 ± 0.32 26.66 ± 0.41 98.5 ± 1.5 Sc
Ni (𝜇g/L) 62.41 ± 0.69 61.90 ± 0.78 99.2 ± 1.3 Ge
Cu (𝜇g/L) 22.76 ± 0.31 23.08 ± 1.21 101.4 ± 5.3 Ge
Zn (𝜇g/L) 78.5 ± 2.2 77.37 ± 3.61 98.6 ± 4.7 Ge
As (𝜇g/L) 60.45 ± 0.72 60.90 ± 2.26 100.7 ± 3.7 Ge
Rb (𝜇g/L) 14.14 ± 0.18 13.54 ± 0.47 95.7 ± 3.5 Ge
Sr (𝜇g/L) 323.1 ± 3.6 340.5 ± 20.1 105.4 ± 5.9 Ge
Mo (𝜇g/L) 121.4 ± 1.3 120.8 ± 2.9 99.5 ± 2.4 Ge
Ag (𝜇g/L) 1.062 ± 0.075 1.037 ± 0.067 97.6 ± 6.4 In
Cd (𝜇g/L) 6.568 ± 0.073 6.541 ± 0.191 99.6 ± 2.9 In
Sb (𝜇g/L) 58.3 ± 0.61 50.45 ± 1.69 86.5 ± 3.4 In
Te (𝜇g/L) 1.09 ± 0.11 1.00 ± 0.06 92.1 ± 6.5 In
Ba (𝜇g/L) 544.2 ± 5.8 526.4 ± 18.0 96.7 ± 3.4 In
Tl (𝜇g/L) 7.445 ± 0.096 7.139 ± 0.246 95.9 ± 3.4 Lu
Pb (𝜇g/L) 19.63 ± 0.21 18.94 ± 0.52 96.5 ± 2.8 Lu
Bi (𝜇g/L) 14.09 ± 0.15 13.99 ± 0.49 99.3 ± 3.5 Lu

samples by analyzing the four different sources of water
samples from Kosovo.

Trace elemental concentration of NIST 1643e SRM ref-
erence water solution is often used to validate the analytical
techniques during measurements. The quality control results
of the certified and measured values of NIST 1643e SRM
reference water, 𝑛 = 7, are presented in Table 1.Themeasured
values agree well with the certified values.

The main statistical parameters (mean, min, max,
median, and 25th and 75th percentile) of the elemental con-
centrations (𝜇g/L) for the four sources of drinking water are
summarized in Table 2. Table 2 also shows the percentage ≤
LOQ as well as the EU and/or WHO limit of drinking
water guidelines. From 951 samples, 68.0% are private-bored
well samples, 21.1%, naturally flowing artesian water, 7.4%
pumped-drilled well, and 3.5% from public water source.
Private-bored well drinking water sources are the main water
supplier for the majority of the Kosovo’s population and
therefore it needs greater attention.

The drinking water analyzed was compared to the limits
and recommendations of the EU and WHO drinking water
standards (Table 2). Table 3 presents the number of samples

that surpass the levels of EU andWHOguidelines in drinking
water, respectively. It can be clearly ascertained that the
samples exceeding the limits were mostly from the private-
bored wells, then naturally flowing artesian water, pumped-
drilled well, and public water source, respectively. Of the 14
(U excluded) regulated elements by either EU and/or WHO,
the elements that surpassed the set levels most often, when
compared to the total samples for that element, were Mn, Fe,
Al, Ni, and As.

From Table 2 it can be clearly determined that there
is a large variation for the elemental concentrations and a
similar situation for elemental concentrations of different
sources. Moreover, for most of the minor elements analyzed,
we encountered a wide range (2 to 4 orders of magnitude)
of elemental concentrations. This span is not as evident
for the major elements (Na, Mg, K, Ca), yet the median
concentration differs between the sources for the major
elements and some minor elements, respectively (Table 2).
Mn mean concentrations vary significantly between the
sources, with the highest concentrations in the private-bored
wells. Similar patterns are seen for Fe, Cr, Co, Zn, Cd, and
Sb. These variations cannot be explained due to the lack of
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Table 3: Total samples exceeding the EU and WHO drinking water guidelines.

Element EU WHO
Artesian Private well Public water Pumped Total Artesian Private well Public water Pumped Total

B 1 4 — 1 6 3 16 — 1 20
Na 1 2 — 1 4 — — — — —
Al 10 18 3 5 36 — — — — —
Cr — 2 — — 2 — 2 — — 2
Mn 13 49 1 11 74 3 15 — 2 20
Fe 15 32 2 13 62 — — — — —
Ni 5 16 — 2 23 2 2 — 2 20
Cu — — — — — — — — — —
As 2 23 — 4 29 2 23 — 4 29
Mo — — — — — — — — — —
Cd — 2 — — 2 — 2 — — 2
Sb — — — — — — — — — —
Ba — — — — — — — — — —
Pb 2 4 — 1 7 2 4 — 1 7
U — — — — — 6 61 — 2 69

geological and environmental studies in Kosovo. However,
one can postulate that the elements that show higher orders
ofmagnitude could have no solubility controls if present in an
oxidizing environment; they could be redox and pH sensitive
or they could have various concentrations in rocks [21, 22].
Further, with ANOVA analysis we tested the source variation
on whether the means are equal. Hence, we determined that
the concentrations between groups are significantly different
for the following elements: Li, Na, Mg, K, Ca, As, Rb, Sr,
Mo, Sb, and Ba. Additionally, we tested the differences in
variance between different sources of water using Bartlett’s
test for equal variances with 𝑃 value less than 0.05 showing
that the variances are not the same across groups. In this case,
we determined that the only element with the same variance
across different sources of water was Mg.

In our study we found 792 samples to exceed at least one
or more elements of either EU and/or WHO drinking water
concentration guidelines. These samples are not significantly
different between the sources. If we set the criteria to consider
four or more elements surpassing any of the guidelines, we
found only 57 sample points exceeding the set concentration
guidelines, fromwhich we can note that most of these sample
points are private-bored well (43.9%), followed by naturally
flowing artesian water (38.6%), pumped-drilled well (10.5%),
and public water source (7.0%), respectively. Private-bored
well drinking water source dominates within the highest
number of samples surpassing the concentration guidelines.

We also performed some linear regression analysis testing
the effect of depth (1–150m) and age (up to 250 years) of
the water source and latitude and longitude on the risk of
the drinking water. Neither the depth nor the age showed
a correlation with the concentration of the contaminants.
After elimination of the variables with the highest 𝑃 values
we found the latitude and longitude as significant variables.
Regression analysis showed that as the latitude of the water
source increased, the risk for higher elemental concentration

in the water increased. A similar regression analysis showed
a similar pattern with longitude: an increase in longitude of
the water source showed an increase in the risk for higher
elemental concentration. This implies that the northeast area
of Kosovo should have a higher number of contaminated
samples. In Figure 2, we show the distribution of the Mn
concentration.

3.1. Health Implications. The importance and the health
implications of selected elements are discussed. Particular
attention is given to elements exceeding the EU and WHO
guidelines, yet some unregulated elements with noted health
implications are also discussed.

Previously, we singled out Mn, Fe, Ni, As, and Al as the
elements surpassing the EU and WHO guidelines in the
largest number of samples tested. According to WHO, when
high concentrations of Mn and Fe are observed, the iron
bacteria may cause deposits in the drinking water source and,
therefore, may compromise the acceptability of the drinking
water [7].

Manganese (Mn) is an essential element in small quan-
tities mainly for bone development and the metabolism of
amino acids, lipids, and carbohydrates. In excess amounts,
however, Mn has been shown to be toxic causing hyperactive
behavior in infants and neurotoxin effects. Additionally, areas
with a high concentration of Mn in drinking water report
higher infant mortality [23]. In the brain, high doses of Mn
can cause Parkinson syndrome [22, 24]. A high concentration
of Mn in drinking water also causes an unpleasant taste [22,
25]. The moderate presence of manganese in drinking water
has no direct health effects, but the precipitated manganese
in water can lead to aesthetic and infrastructure problems. A
precipitate ofmanganese is usually black [22]. In our analyses,
a total of 74 samples exceeded the drinking water limit of
50𝜇g/L set by the EU and only 20 samples exceeded the limit
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Figure 2: The distribution of Mn concentration.

of 400 𝜇g/L set by WHO. The highest concentrations of Mn
were observed in private wells.

Iron (Fe) is a necessary element for the biological func-
tions of the human body, yet in excess can lead to acute Fe
poisoning [21]. The EU guideline for Fe in drinking water is
200𝜇g/L, which was exceeded by 62 samples.

Nickel (Ni) is an essential element in small quantities, yet
in high concentrations can cause heart and liver damage and
skin irritation [21, 26]. The EU guideline for Ni in drinking
water (20𝜇g/L) was surpassed in 23 samples and only 5
samples surpassed the WHO guidelines (70𝜇g/L). As for the
other elements (Table 2), private well water source had the
most number of samples exceeding the recommended values.

Arsenic (As) is an essential element in ultratrace quanti-
ties and higher concentrations of As in drinking water are a
worldwide concern. Countries such as Hungary, India, and
Bangladesh have coped with severe health problems caused
by high concentrations of As in drinking water. It has been
documented that As is carcinogen and highly toxic. Chronic
poisoning has led to skin lesions and vascular disease [21, 27].
In Kosovo, As concentration levels in drinking water were
higher in private wells than in other sources. Maximum
acceptable concentration of 10 𝜇g/L (EU and WHO) was
exceeded in 29 samples of which 23 were from private wells.

Aluminum (Al) is considered to be less toxic [21]. Yet,
studies have shown that Al in drinking water has been related
epidemiologically toAlzheimer’s disease [28].WHOdoes not
have regulated limits for Al in drinking water. The 200 𝜇g/L
limit set by the EU for Al in drinking water was exceeded in
36 samples of which 18 were from private wells.

Boron (B) has been recognized as a toxic element and is
known to accumulate in the human body and damage the
nervous system [21]. The drinking water samples analyzed in

this study surpassed theWHO regulated value of 500𝜇g/L in
20 samples of which 16 came from private wells.

3.2.Water Quality. Asmost of the samples of the four sources
were sampled directly from a pipeline system (a common
household water distribution system), or other sampling
devices (e.g., buckets and electronic pumps), one could argue
that contamination occurred from the infrastructure or
transport methods. Yet, our goal is to present the elemental
analyses using a realistic method of how drinking water is
distributed and consumed by the Kosovar population. Fur-
thermore, research has shown that when water is run for
at least five minutes before sampling, the water’s elemental
profile is similar to the natural groundwater structure [29].

The elemental concentration results show that the drink-
ing water is reasonably acceptable with a few exceptions in
which some elements were significantly above EU andWHO
guidelines.Webelieve that the high number of drinkingwater
and/or groundwater samples with depth ranging from 1 to
150 meters is a good representation of the quality of water
in Kosovo.The surrounding countries of Kosovo lack similar
studies and further judgment on the water quality of the
region could not be assessed. In the future, our study could
be used to evaluate and correlate the contamination caused
by different environmental factors.

4. Strength and Limitation of
the Current Study

We have determined the concentrations of 32 elements in
nearly 1,000 water samples from allover Kosovo with ICPMS.
A strict QA/QC protocol was employed guaranteeing accu-
rate results. ICPMS is currently the most powerful technique
for trace metal analysis, allowing the detection of heavy
metals at concentrations as low as 1 ng/L. Our results are very
useful to Kosovar authorities for future monitoring studies.
Although we found a rather positive situation for most of
the elements, we have to admit that our study does not
cover all possible contaminates commonly found in water.
We determined most of the elements except the halogens.
Fluorine, a common contaminant in drinking water, could
not be determined with ICPMS because of its high ionization
potential. Also, organic pollutants were not the aim of the
current study.

5. Conclusions

The results of this study should increase the awareness
of the importance of drinking water quality in Kosovo as
well as enhance the communication of health authorities in
Kosovo with the private drinking water source owners. The
current condition of the drinking water and/or groundwater
in Kosovo can be used by health and governmental author-
ities to create regulations that set the allowable elemental
concentration levels for drinking water. Fortunately, in most
of the water samples analyzed, the element concentrations
were below the EU and WHO drinking water limits. Epi-
demiological studies should be followed, along with reported
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consequences related to higher elemental concentrations in
the regions of sampling points in Kosovo. Furthermore,
monitoring of seasonal variations of EU-regulated elements
is required.
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Disinfection by-products (DBPs) are ubiquitous contaminants in tap drinking water with the potential to produce adverse health
effects. Filtering and boiling tap water can lead to changes in the DBP concentrations and modify the exposure through ingestion.
Changes in the concentration of 4 individual trihalomethanes (THM4) (chloroform (TCM), bromodichloromethane (BDCM),
dibromochloromethane (DBCM), and bromoform (TBM)),MX, and bromate were tested when boiling and �ltering high bromine-
containing tapwater fromBarcelona. For �ltering, we used a pitcher-type �lter and a household reverse osmosis �lter; for boiling, an
electric kettle, a saucepan, and amicrowave were used. Samples were taken before and aer each treatment to determine the change
in the DBP concentration. pH, conductivity, and free/total chlorine were also measured. A large decrease of THM4 (from 48% to
97%) andMX concentrations was observed for all experiments. Bromine-containing trihalomethanes weremostly eliminated when
�ltering while chloroform when boiling. ere was a large decrease in the concentration of bromate with reverse osmosis, but there
was a little effect in the other experiments. ese �ndings suggest that the exposure to THM4 and MX through ingestion is reduced
when using these household appliances, while the decrease of bromate is device dependent. is needs to be considered in the
exposure assessment of the epidemiological studies.

1. Introduction

Safe drinking water is a vital need for humans. e access to
drinking water is becoming more constrained worldwide, by
both growing demand and more erratic availability. Disinfec-
tion is necessary to have safe drinking water. However, unde-
sired disinfection by-products (DBPs) are formed by reaction
of one disinfectant, or amixture of them, with organicmatter.
DBPs are ubiquitous contaminants of concern in tap water.
Chlorine is the most frequently used disinfectant worldwide,
and trihalomethanes (THMs) are usually the most preva-
lent by-products of chlorination. e four common THMs,
depending either on the chlorine or the bromine incor-
poration, are chloroform (TCM), bromodichloromethane

(BDCM), dibromochloromethane (DBCM), and bromoform
(TBM). THM4 stands for the sumconcentration of the 4 indi-
vidual species of TMHs. Long-term exposure to disinfection
by-products has been associated with an increased risk of
bladder cancer [1].

Bromate is a DBP formed by ozonation of water contain-
ing bromide. Bromate induces neurotoxicity in adults, and
some evidences show a possible effect on thyroid hormone
levels [2]. Bromate has also been found to be carcinogenic in
male rats [3]. MX (3-chloro-4-(dichloromethyl)-5-hydroxy-
2(5H)-furanone) is a DBP of a great concern given a strong
mutagenic activity and is present in drinking water supplies
[4] and multisite carcinogenicity in rats [5]. Hebert and
colleagues [6] classi�ed 110 nonregulated emerging DBP on
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the basis of their potential impact on public health; MX
obtained the 5th position due to its high toxicity, regardless
of the low concentrations usually found in water. According
to the U.S. Environmental Protection Agency [7], MX’s
cancer potency was more than 6000-fold higher than that of
chloroform and about 100-fold higher than that of BDCM.

Filtering and boiling are common activities in the house-
hold that modify DBP exposure through ingestion. ere are
a number of studies evaluating different heating, boiling, and
�ltering devices [8–15]. However, the use of a microwave
has never been evaluated. Although the effect of �ltering on
MX levels has also been examined [12], the effect of boiling
remains unknown. e change of bromate levels when
�ltering or boiling remains to be examined. Microwaves are
electrical appliances of common use nowadays, and their
effect on DBP levels is still unknown.

We have conducted this study in the city of Barcelona; its
water is very unusual as the water from Llobregat River, the
main supplier of the city, is high in bromide ion, and therefore
high concentrations of brominated DBP are expected in the
�nished water. Generally, waters higher in chlorinated rather
than brominated compounds are more common worldwide.
Also, the water availability in the Mediterranean area varies
within the season, with typically dry summers. is leads to
a higher concentration of organic matter in the water, and
along with higher temperatures, the doses of disinfectants
to treat the water increase. All these accentuate the problem
with DBP formation. e aim of this study is to evaluate
the effect of boiling (microwave, saucepan, and kettle) and
�ltering (reverse osmosis and organic carbon �ar-type �lter)
on trihalomethanes, MX, and bromate levels in a water with
a high content of brominated DBP.

2. Methods

2.1. Study Area. e experiments were conducted using
water samples from Barcelona tap water in May and June
2009. Samples were taken at CREAL’s tap water, in La
Barceloneta neighbourhood, where tap water is a mixture of
water from three different treatment plants from two different
surface sources (Llobregat River and Ter River). e precise
percentage of water coming from each source is unknown.
However, the Llobregat River, which supplies a very high
percentage of water in the study area, is rich in organicmatter
and bromine due to the discharges of salt mines upstream,
in Cardener and Llobregat rivers themselves. Treatment
processes for this water include disinfection using chlorine
gas and chlorine dioxide, ozonation, and treatment with
granulated activated carbon (GAC) �ltration.ewater from
Ter River undergoes through the same treatment except for
ozonation.

2.2. Filtering Design. A pitcher �lter containing granulated
activated carbon and ion exchange resin �lter (Brita) and a
household reverse osmosis �ltering system (Columbia) were
used. For the pitcher experiment, we used a new �lter and
two arti�cially worn out �lters by previously �ltrating 75 L
and 150 L of water, respectively, (150 L is the maximum

volume of use established by the manufacturer) so we could
study the effect of the age of the �lter in terms of usage.
Before performing the experiments and to mimic reality
and to allow resins to reactivate, 1.5 L of water was �ltered
every 15 minutes when aging the �lters until 75 L and 150 L,
respectively, were �ltrated through the pitcher. e vials for
analysis were �lled up aer performing the experiment.

2.3. Boiling Design. e boiling experiment was performed
using a 3000W lidded electric kettle (capacity of 1.7 L), a
14 cm diameter saucepan with a Bunsen burner and a 800W
microwave oven. Once the water reached the boiling point,
the source of heat was immediately turned off. e kettle
switched automatically off when water reached the boiling
point. e volume of water depended on the capacity of
the device, and we performed the experiment twice for each
device (for THM and for MX/Bromate) except for the kettle,
where there was enough volume of treated water to �ll up
the vials and the bottles for analysis. For the microwave
experiment, the boiling point was assumed when bubbles
appeared visible through the door. e vials/bottles for
analysis were �lled up 5 minutes aer taking the water away
from the heating source. is was done in order to mimic the
ingestion of hot drinks.

2.4. Measurements. Baseline samples were collected aer
leaving tap water running for 5 minutes in order to stabilise
the pH, chlorine, and conductivity. e baseline vials/bottles
were le opened until the end of each experiment. Samples
to measure trihalomethanes were collected in 40mL amber
glass vials sealed with TFE-faced silicone septum screw
caps, without any headspace to avoid loss of volatile THM.
Ammonium chloride buffer solution (0.7 g/40mL sample)
was added to quench further chlorine reactions. For MX and
bromate measurements, samples were collected in 500mL
and 100mL PE bottles, respectively. MX was acidi�ed with
HCl 1M to pH 2, and oxidants were quenched with ammo-
nium sulphate (50mg/100mL sample); oxidants in bromate
samples were quenched with ethylenediamine (1ml of 0.5%
EDA/100mL sample). Trihalomethanes were measured in
quadruplicate samples, and MX and bromate were measured
in duplicate samples.

During all stages of the experiments, pH, conductivity,
and free and total chlorine were measured. pH was measured
with a portable waterproof pH tester. Conductivity was
measured with a platinum cell portable device. Free and total
chlorine were determined with a colorimetric disc checker
method. Samples to measure trihalomethanes were stored
and sent to the laboratory at +4∘C and analysed within the
following 48 h. Samples to measure MX and bromate were
frozen at −20∘C and sent to the laboratory in dry ice.

2.5. Analytical Procedure. Trihalomethanes samples under-
went liquid/liquid extraction (LLE) by using 40% anhydrous
sodium sulphate enriched samples (w/v) and n-pentane.
ey were analysed by gas chromatography/electron capture
detection (GC/ECD), and 1,2-dibromopropane was used as
an internal standard. Measurements were performed at the
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T 1: Characteristics of the water before and aer each treatment (volume refers to treated water; time refers to minutes to complete the
experiment). ese values represent only one measurement each. e characteristics of the water for the three different groups of DBP are
presented together when the volume of water was sufficient to take samples for all the studied DBP at once.

Treatment Measurements Stage pH Conduct. Free Cl Total Cl Volume Time
(𝜇𝜇S/cm) (mg/L) (mg/L) (L) (min)

Boiling

Kettle THM/MX/bromate Before 7.89 1718 0.44 0.56 1.7 4Aer 7.99 1800 0.02 0.08

Microwave
THM Before 8.00 2100 0.10 0.34 0.4 7Aer 8.00 2400 0.02 0.04

MX/bromate Before 8.02 1719 0.10 0.30 1.2 17Aer 8.50 1881 0.04 0.06

Saucepan
THM Before 7.96 2070 0.40 0.50 0.4 10Aer 8.12 2400 0.02 0.14

MX/bromate Before 8.04 1713 0.50 0.50 1.4 25Aer 8.36 1823 0.00 0.10
Filtering

Reverse osmosisa
THM Before 7.91 1722 0.20 0.46 — —Aer 6.68 58.6 0.04 0.04

MX/bromate Before 7.85 1707 0.26 0.44 — —Aer 6.93 60 0.04 0.06

Activated carbon pitcher-type �lter THM/MX/bromate

Before 8.21 1730 0.10 0.24
Aer 1 L 5.39 1438 0.08 0.10 1.5
Aer 75 L 6.38 1424 0.08 0.12 1.5 —
Aer 150 L 6.80 1571 0.08 0.22 1.5

ae variable volumes of water and amount of time are not applicable for this experiment.

Gipuzkoa Laboratory of Public Health in Euskadi, Spain.
e Finnish National Public Health Institute in Finland con-
ducted the analysis for bromate and MX. Methods used were
slightly modi�ed from those published earlier �16, 17]. In
brief, bromate was analysed with ion chromatography using
suppressed conductivity detection, and MX was analysed
with gas chromatography high resolution mass spectrometry
(for more details see appendices).

3. Results

e volume of water needed for each experiment depended
on the capacity of each device (Table 1). e number of
minutes for the water to start boiling also varied for each
experiment. Filtering decreased pH in both �ltration exper-
iments and the reduction was most pronounced aer a new
pitcher �lter. However, all boiling experiments resulted in an
increase of pH except for the microwave experiment when
analysing THM, where pH remained constant. Conductivity
also increased for all boiling experiments and decreased for
the �ltration experiments; however, there was a very high
reduction for the reverse osmosis test, over 97%. Free and
total chlorine were also reduced aer all treatments. Water
took different amounts of time to boil depending on the
volume of water and the experiment performed.

e tap water used for all the experiments contained
a high percentage of bromoform (62% of THM4), while
chloroform represented only a 4%; the three bromine-
containing THM4 accounted for 96% of the 4 THM studied
(𝑛𝑛 𝑛 𝑛𝑛, not shown in tables). e mean concentrations for
MX and bromate in tap water were 0.73 ng/L and 3.3𝜇𝜇g/L,

correspondingly (𝑛𝑛 𝑛 𝑛𝑛, not shown in tables). e change
in DBP concentration aer each of the boiling and �ltering
experiments is shown in Table 2 and Table 3, respectively.

All experiments led to a decrease of the 4 individual
THM concentrations. Among the three boiling devices, the
highest THM4 reduction was observed for the microwave
oven (97%) with a very high decrease of the three bromi-
nated forms. e kettle experienced the lowest reduction
in concentration for THM4 (48%), and, along with the
saucepan test, chloroform experienced a higher percentage
of removal than the brominated forms. Reverse osmosis
led to the highest THM4 reduction among the evaluated
�ltering experiments (97%), with almost a 99% reduction
for the bromine-containing species. However, chloroform
concentrationwas only reduced by 56%.e pitcher �lter had
high percentages of THM4 reduction (89%) when the �lter
was new compared to both aged �lters (76% for 75 L aged
�lter, and 74% for 150 L aged �lter). Chloroform had higher
removals than bromine-containing THM4 for the new and
the 75 L aged �lter but not for the older �lter (150 L).

Bromate showed a less consistent pattern, and concentra-
tion increased aer boiling water in a saucepan and �ltering
through a pitcher �lter with 75 L of previous usage. MX
concentration decreased below the limit of �uanti�cation
(LOQ) aer all experiments.

4. Discussion

e water used for the experiments contained high con-
centrations of bromoform and brominated THM4. Water
coming from Llobregat River, one of the two main suppliers
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T 2: Mean concentration, standard deviation (only for THM4), minimum and maximum of the 4 studied THMa (𝑛𝑛 𝑛 𝑛), and mean and
value of the two samples for MXb and bromatec (𝑛𝑛 𝑛 𝑛) before and aer the boiling experiments. Percentage of change in bold.

Kettle Microwave Saucepan
Before Aer Before Aer Before Aer

Chloroform (TCM)
Mean (SD) 7.30 (0.24) 2.25 (0.11) 2.13 (0.07) 0.33 (0.32) 2.79 (0.07) 0.61 (0.45)
Min–max (6.97–7.50) (2.13–2.36) (2.04–2.21) (0.09–0.78) (2.72–2.88) (0.37–1.29)
% change −69 −84 −78

Bromodichloromethane (BDCM)
Mean (SD) 15.37 (0.33) 4.97 (0.23) 5.61 (0.18) 0.16 (0.03) 7.88 (0.48) 1.82 (0.13)
Min–max (14.90–15.59) (4.71–5.22) (5.42–5.84) (0.14–0.20) (7.18–8.22) (1.64–1.95)
% change −68 −97 −77

Dibromochloromethane (DBCM)
Mean (SD) 36.54 (0.78) 17.84 (0.72) 22.06 (0.51) 0.53 (0.10) 31.27 (0.89) 9.18 (0.69)
Min–max (35.43–37.26) (17.01–18.55) (21.42–22.68) (0.45–0.67) (30.01–32.04) (8.26–9.75)
% change −51 −98 −71

Bromoform (TBM)
Mean (SD) 66.62 (1.04) 39.98 (1.43) 78.96 (1.78) 2.02 (0.42) 93.37 (0.72) 33.78 (2.03)
Min–max (65.36–67.90) (38.49–41.53) (76.70–81.04) (1.72–2.64) (92.65–94.35) (31.03–35.57)
% change −40 −97 −64

Sum of 4 THMs (THM4)
Mean (SD) 125.85 (2.32) 65.05 (2.49) 108.76 (2.53) 3.04 (0.85) 135.32 (1.87) 45.4 (2.45)
Min–max (122.66–128.19) (62.34–67.66) (105.58–111.77) (2.40–4.29) (133.05–137.39) (42.22–47.60)
% change −48 −97 −66

MX
Mean 0.9 <0.5 0.60 <0.5 0.90 <0.5
Min–max (0.7–1.0) (all < 0.5) (0.60–0.60) (all < 0.5) (0.7–1.1) (all < 0.5)
% change∗ — — —

Bromate
Mean 3.9 2.3 3.9 3.6 3.7 4.4
Min–max (3.6–4.1) (2.3) (3.6–4.1) (3.2–3.9) (3.2–4.1) (4.1–4.7)
% change −40 −8 21

aTHM4 and all 4 species: concentration in 𝜇𝜇g/L, limit of �uanti�cation of 0.4 𝜇𝜇g/L, all means 𝑛𝑛 𝑛 𝑛.
bMX: concentration in ng/L, limit of �uanti�cation of 0.5 ng/L, all means 𝑛𝑛 𝑛 𝑛.
cBromate: concentration in 𝜇𝜇g/L, limit of �uanti�cation of 0.5 𝜇𝜇g/L, all means 𝑛𝑛 𝑛 𝑛.
∗Percentages of change when values were under the limit of �uanti�cation (L��) for MX are not reported due to high uncertainty.

of water in the city of Barcelona, is high in bromide due to
the discharges of salt mines in Cardener and Llobregat rivers.
Ventura and Rivera [18] showed that levels of bromide in
water before and aer Cardona mines increased substantially
(0.01 and 1.98mg/L Br, resp.). Bromide is not removed from
water during a conventional treatment, so high levels of
brominated-DBP were expected. In general, a high reduc-
tion of THM4 and MX was observed for all experiments.
e highest elimination of brominated trihalomethanes was
observed during �ltering and chloroform during boiling
the water, except for the microwave oven experiment and
the newer �lters of the pitcher �lter. e concentration of
bromate, a nonvolatile compound, was highly decreased with
reverse osmosis and the kettle experiment, but the other
devices did not show a signi�cant effect on its concentration.

However, the increases in the concentration of bromate (21%
at maximum) are within the range of uncertainty of the
measurement at the studied concentrations.

is is, to our knowledge, the �rst study evaluating
the effect of heating water in a microwave oven on DBP
levels, and this device is commonly used nowadays. e high
reduction of THM4 for this test, especially for the brominated
forms, could be due to the agitation of the water [11], as big
bubbles were created when water started boiling. Moreover,
in microwave heating, temperature can rise much faster than
in conventional heating, and energy is not homogeneously
dissipated; therefore, “hot spots” can occur [19], and some
zones of the water mass can reach higher temperatures than
others. Water took a long time to boil in the microwave
oven (7 minutes for THM and 17min for MX/bromate) due
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T 3: Mean concentration, standard deviation (only for THM4), minimum and maximum of the 4 studied THMa (𝑛𝑛 𝑛 𝑛), and mean and
value of the two samples for MXb and bromatec (𝑛𝑛 𝑛 𝑛) before and aer the �ltration experiments. Percentage of change in bold.

Reverse osmosis Activated carbon pitcher-type �lter
1 L 75 L 150 L

Before Aer Before Aer Aer Aer
Chloroform (TCM)

Mean (SD) 7.3 (0.06) 3.21 (0.04) 3.46 (0.14) 0.31 (0.03) 0.70 (0.03) 1.17 (0.48)
Min–max (7.25–7.39) (3.17–3.27) (3.31–3.61) (0.27–0.33) (067–0.74) (0.88–1.89)
% change −56 −91 −80 −66

Bromodichloromethane (BDCM)
Mean (SD) 15.09 (0.18) 0.58 (0.04) 8.75 (0.31) 0.99 (0.10) 1.99 (0.05) 2.20 (0.07)
Min–max (14.94–15.33) (0.56–0.64) (4.48–9.13) (0.88–1.09) (1.92–2.04) (2.12–2.28)
% change −96 −89 −77 −75

Dibromochloromethane (DBCM)
Mean (SD) 35.48 (0.29) 0.10 (0.12) 27.25 (0.91) 2.82 (0.24) 6.15 (0.17) 6.67 (0.15)
Min–max (35.08–35.72) (0.02–0.27) (26.40–28.26) (2.58–3.11) (5.90–6.26) (6.47–6.80)
% change −99 −90 −77 −75

Bromoform (TBM)
Mean (SD) 69.44 (0.89) 0.18 (0.25) 64.76 (1.86) 6.91 (0.65) 16.42 (0.37) 16.69 (0.19)
Min–max (68.71–70.58) (0.03–0.55) (62.68–66.64) (6.37–7.78) (16.15–16.97) (16.53–16.97)
% change −99 −89 −75 −74

Sum of 4 THMs (THM4)
Mean (SD) 127.31 (0.87) 4.07 (0.41) 104.23 (3.18) 11.04 (1.00) 25.26 (0.56) 26.74 (0.72)
Min–max (126.64–128.59) (3.82–4.68) (101.07–107.64) (10.20–12.31) (24.64–26.01) (26.00–27.65)
% change −97 −89 −76 −74

MX
Mean 0.8 <0.5 0.6 <0.5 <0.5 <0.5
Min–max (0.7–0.8) (all < 0.5) (0.5–0.6) (all < 0.5) (all < 0.5) (all < 0.5)
% change∗ — — — —

Bromate
Mean 2.3 0.5 2.90 2.6 3.10 2.55
Min–max (2.2–2.4) (all <0.5)∗ (2.9-2.9) (2.3–2.8) (2.8–3.4) (2.5–2.6)
% change — −12 7 −12

aTHM4 and all 4 species: concentration in 𝜇𝜇g/L, limit of �uanti�cation of 0.4 𝜇𝜇g/L, all means 𝑛𝑛 𝑛 𝑛.
bMX: concentration in ng/L, limit of �uanti�cation of 0.5 ng/L, all means 𝑛𝑛 𝑛 𝑛.
cBromate: concentration in 𝜇𝜇g/L, limit of �uanti�cation of 0.5 𝜇𝜇g/L, all means 𝑛𝑛 𝑛 𝑛.
∗Percentages of change when values were under the limit of �uanti�cation (L��) forMX and bromate are not reported due to high uncertainty in the estimate.

mainly to the large volume of water. Also, it was difficult to
determine the precisemoment of boiling, as we determined it
by watching through the door. ese, along with the fact that
microwave ovens are sealed environments and the vapour
pressure for all the compounds should be assessed, the results
obtained may be difficult to interpret.

Lower reductions for the kettle experiment could be due
to the presence of a lid as it was a semisealed environment.
Regarding this, similar THM4 reductionswere found in other
studies. A 64%, 93%, and 98% reduction of THM4 was
observed aer boiling chlorinated water in a kettle for 1, 2,
and 5 minutes, respectively [13]. Batterman and colleagues
[9] found that volatilization losses approached 67% when
water was boiled in a kettle even for short periods of time
(81% for TCM, 73% for BDCM, 62% for DBCM, and 58%
for TBM). However, the volume of water used for this test

was 1.05 L, which could allow a higher agitation of the water
inside the kettle. is could be linked to the fact that higher
reductions can occur when higher percentages of chlorinated
compounds, which have a lower boiling point than bromi-
nated ones [10, 13], are present in water. Chloroform’s boiling
point is 60.3∘C, and the boiling point rises as the degree
of bromination rises (90∘C for BDCM, 119∘C for DBCM,
and 150∘C for bromoform). However, other authors reported
higher removals [14] as high as 98% of the THM4 by heating
water in a kettle up to the boiling point.

When water boiled in the saucepan, and taking into
account that the heat source was not very powerful and
that it took a long time (10min for THM and 25 for
MX/bromate), the bubbles formed were very small so there
was little agitation. Generally, when boiling water in an open
environment as in the test, the reduction of THM4 occurs
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mainly due to volatilization; therefore, these compounds can
potentially be inhaled.

e concentration of MX decreased during boiling,
although previous studies showed no reduction. A Rus-
sian study [12] found that MX concentration remained
unchanged when boiling very high chloroform-containing
water (THM4= 204 𝜇𝜇g/L, 97% chloroform).Whenwaters are
high in free chlorine, MX, which is a nonvolatile compound,
might form and disappear at the same rate. However, in the
water used for our experiments, chloroform only represented
a very small percentage of total THMs, while bromoform
especially and also BDCM and DBCM were clearly higher in
concentration.

Reverse osmosis appeared to be a very good method
to eliminate brominated DBP, which agrees with previous
studies [14]. e efficiency of granulated activated carbon
increases with the number of bromine atoms in the molecule
[18] and also because of their low solubility in water [14]
which makes them more amenable to carbon adsorption.
Chloroform had such high removals when using a pitcher
�lter (91% for the new �lter), in comparison to the reverse
osmosis system (56% reduction), mainly due to the agitation
of the water when the pitcher was �lled and also due to the
water dropping from the �lter to the pitcher itself. ese
results for the new �lter are consistent with other studies
despite reporting higher chloroform removals for older �lters
[12, 14, 20]. However, other studies showed lower reductions
for THM4 [8]. In the present study, �ltering water through
previously aged �lters reduced efficiency about 15% for the
bromine-containing species due to the presence of previously
�ltrated particles which blocked the micropores in the acti-
vated carbon and the usage of the resins. MX was previously
reported to greatly decrease aer a pitcher �ltration [12],
and this is consistent with our results. Conductivity and
pH decreased in the �ltering experiments, especially for the
pitcher �lter, due to the removal of molecules and ions
that could act as buffer solution. e change of pH in both
�ltration tests could involve a modi�cation of the DBP
mixture proportions. In fact, a decrease in pH reduces the
formation of THM, but other DBP can actually form [21].

e low baseline levels of MX limit the evaluation of
the actual concentration reduction, as the concentration of
MX aer all treatments was below the LOQ. To calculate
a percentage of change, we would have had to impute for
example, half of the LOQ and assume that value as the
concentration of MX aer the treatment. However, levels
could have been either higher or lower than half of the
LOQ, and this would affect the real percentage of change.
We also have to consider that in waters high in bromide,
it is likely that brominated analogues of MX (BMXs) are
formed together with brominated THMs [22]. However, due
to the lack of certi�ed commercial model compounds for
BMXs and the substantial difficulties experienced with the
instability of BMXs in the GC liner and column, whichmakes
their accurate quanti�cation very challenging [17], we are not
considering them here.

Samples were taken in quadruplicates for THM4 and in
duplicates for MX and bromate, and results show the mean.
Ideally, these experiments should have been performed

several times, and the percentage of change would be the
mean of all experiments. Also, the number of samples should
be higher before and aer each experiment in order to have
a more accurate percentage of change. ere is also the
need to mention that the amount of water used for each
experiment can affect the percentage of DBP change, mainly
in the boiling experiments. Smaller amounts of water can
potentially experience higher reductions as the agitation of
the water will be higher. Also, we did not consider the volume
of water loss during the experiments, which could also affect
the concentration of the DBP analysed. ese experiments
were only performed for THM, MX, and bromate but we do
not know the change that would occur for other compounds
not analysed in this study or for combinations of them
as DBPs are a complex mixture. Regarding MX and its
brominated analogues, one option in further studies might
be to measure the change in Ames mutagenicity assay as a
surrogate measure of change in BMX concentrations which
have mutagenic activity comparable to that of MX [23].

ese experiments will allow us to develop in the future
individual exposure correction factors that will be based on
the different household water uses. ese factors, together
with the patterns of use and consumption of water for a
speci�c population (ingestion, hygienic and leisure habits,
etc.) and the environmental levels of the different DBPs will
generate exposure indices. ese indices will be applied to
epidemiological studies to evaluate some potential adverse
health effects.

5. Conclusions

Treating water at the household can greatly impact the con-
centration of disinfection by-products. Filtering and boiling
tap water reduces the concentrations of trihalomethanes
and MX. Among trihalomethanes, the largest reduction in
chloroform is produced by boiling in a microwave or a
saucepan, while brominated THMs are mostly reduced by
reverse osmosis and a pitcher-type �lter. e concentrations
of bromate also decrease by reverse osmosis and the pitcher
�lter. However, further studies with this highly brominated
water considering different pH, volumes of the water, and
time taken for the experiment are needed. is knowledge
will help to minimise the exposure misclassi�cation for
individual-level DBP exposure measures in epidemiological
studies.

Appendices

A. MX Analysis

Ammonium sulphate (50mg/100mL of sample) was added
to the samples to quench the oxidants, and pH of water
samples was adjusted to 2 to stabilize the MX to a stable ring
form. Samples (100mL) were pumped with tubing pumps
through Waters Sep-Pak Plus tC18 and HLB-Plus solid phase
extraction cartridges. Sep-Pak Plus tC18 retains impurities
like humic compounds, and HLB Plus retains MX. MX was
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eluted from HLB Plus cartridges with 4 mL of acetone that
was evaporated to dryness.

Internal standard 13C-245-trichlorophenol (125 𝜇𝜇L of
4.0 ng/mL solution in isopropanol), 125 𝜇𝜇L of 4% H2SO4-
isopropanol, 100 𝜇𝜇L of nonane, and 200 𝜇𝜇L of hexane were
added to samples. Samples were placed for 1 hour to 85∘C
to isopropylate the analytes. Aer cooling, 2mL of ultrapure
water and 4mL of hexane were added, and samples were
mixed. Hexane phase was separated, washed with 1mL of
ultrapure water, dried with sodium sulphate, evaporated to
a volume of about 500 𝜇𝜇L, and transferred to autosampler
vials. One ng of recovery standard PCB 30 was added to
autosampler vials, and solvent was concentrated to �nal
volume of about 50𝜇𝜇L.

Isopropyl derivative of MX was analysed with gas chro-
matograph (Hewlett Packard 6890) coupled to high resolu-
tion mass spectrometer (Waters Autospec Ultima). Column
used was DB-5MS (Agilent Technologies: 30m, i.d. 0.25mm,
0.25 𝜇𝜇m).

Final results were calculated by addition of a known
amount of MX to a second 100mL sample aliquot and by
means of this addition calculating the original concentration
in the sample. Limit of quanti�cation for MX was 0.5 ng/l.
Uncertainty of measurement at 10 ng/l is ±50% [17].

B. Bromate Analysis

To prevent further bromate formation, ethylenediamine was
pipetted to the bottom of sample bottles (1ml of 0.5%
EDA/100mL sample), which quenches residual oxidants in
the samples.

Cation exchange cartridges were used for online removal
of chloride that elutes right aer bromate by pumping sam-
ples from autosampler through silver and proton cartridges
to 400 𝜇𝜇L sample loop. Silver cartridge precipitates chloride
and other halide ions, and proton cartridge removes silver
ions leached from the silver cartridge. Ion chromatograph
used was Dionex DX-600, columns were Dionex AG11-HC
and AS11-HC, and suppressor was Dionex ASRS-ULTRA
operated in the recycle mode. Bromate was eluted through
columns with KOH eluent. Details of ion chromatographic
conditions can be found elsewhere [16].

Internal standard, tri�uoroacetic acid, was used in the
quanti�cation of bromate. Method is accredited. Limit of
quanti�cation for bromate is 0.5 𝜇𝜇g/l. Uncertainty of mea-
surement at 10𝜇𝜇g/l is ±20%.
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DBP: Disinfection by-products
THM: Trihalomethanes
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New approaches should be considered as the US Environmental Protection Agency (EPA) moves rapidly to develop new beach
monitoring guidelines by the end of 2012, as these guidelines serve as the basis by which states and territories with coasts along the
oceans and Great Lakes can then develop and implement monitoring programs for recreational waters. We describe and illustrate
one possible approach to beach regulation termed as the “Comprehensive Toolbox within an Approval Process (CTBAP).” The
CTBAP consists of three components. The first is a “toolbox” consisting of an inventory of guidelines on monitoring targets, a
series of measurement techniques, and guidance to improve water quality through source identification and prevention methods.
The second two components are principles of implementation. These include first, “flexibility” to encourage and develop an
individualized beach management plan tailored to local conditions and second, “consistency” of this management plan to ensure a
consistent national level of public health protection. The results of this approach are illustrated through a case study at a well-
studied South Florida recreational marine beach. This case study explores different monitoring targets based on two different
health endpoints (skin versus gastrointestinal illness) and recommends a beach regulation program for the study beach that focuses
predominately on source prevention.

1. Introduction

There is a growing health concern related to swimming in
contaminated waters. Globally, each year, there are in excess
of an estimated 120 million cases of gastrointestinal disease
and in excess of an estimated 50 million cases of more severe
respiratory diseases associated with swimming and bathing
in wastewater-polluted coastal waters [1]. Since the 1950s,
epidemiologic studies have been designed to evaluate the
relationship between swimming in point source-impacted
beaches and health risks (i.e., gastrointestinal disease, respira-
tory, eye, nose, and throat illnesses); they have concluded that
symptoms for all these illnesses were increased in swimmers
compared to nonswimmers [2, 3]. Outbreak reports from the

CDC also confirm that illnesses in the USA are occurring
from swimming in contaminated waters [4]. The excess
illnesses associated with coastal water pollution can also
result in substantial economic burdens. A study in Orange
County, CA, estimated 3.3 million US dollars per year in
excess illness costs for Newport and Huntington Beaches
associated with bathing in marine waters [5].

Swimming-related illness is predominately associated
with exposure to microbial pathogens, which may enter
the water through point sources such as sewage outfalls.
However, recent studies have demonstrated that swimming-
related illnesses can occur at nonpoint source beaches [6, 7]
and even possibly from beach sand contact [8–10]. These
developments highlight the ongoing challenge to beach
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managers and public health professionals in monitoring the
beach environment and protecting the health of its users
[11, 12]. To address this challenge, we provide background
information about existing regulations; describe a possible
alternative approach given the existing regulations; and then
apply this alternative approach to a well-studied South
Florida recreational marine beach to illustrate one possible
outcome of the alternate approach.

1.1. Current US Regulation. At the US federal level, jurisdic-
tion over recreational waters is provided through the Clean
Water Act (CWA). The CWA provides the US EPA with
jurisdiction over two approaches for the control of water
quality. First, it provides jurisdiction to regulate discharges
of pollutants into the waters of the United States. Specifically,
the CWA regulates discharges that represent point sources of
pollution, that is, industrial, municipal, and other discharges
via conveyances such as pipes or man-made ditches. Second,
the CWA provides the authority to set point-of-use standards
for surface waters.Waterbodiesmust not exceed contaminant
levels beyond allowable values as determined by their “desig-
nated use” (swimming, bathing, surfing, water skiing, etc.). In
most situations, the authority to issue discharge permits and
to set designated use standards is delegated by the EPA to the
states, thereby providing the states with the full authority to
implement, that is, monitoring compliance, permitting, and
enforcement.

The Beaches Environmental Assessment and Coastal
Health (BEACH) Act of 2000, an amendment to the CWA,
sets forth beach water quality guidelines for 30 eligible states
and territories with coasts along the oceans and Great Lakes.
These guidelines include limits for Enterococcus in marine
waters and for both Enterococcus and E. coli in freshwater. A
single-maximum value, as well as amonthly geometricmean,
is recommended by theAct [13].While all 30 states affected by
the BEACH Act follow these guidelines, many states employ
unique additional sets of parameters to assess the safety of
recreational waters (Table 1) [14]. In the U.S water mon-
itoring includes measures at approximately 3,000 beaches
for fecal indicator bacteria, resulting in 18,500 closures or
advisory days in 2009 issued for recreational beaches [14]
(Figure 1).

Seventeen of the 30 states under the BEACH Act pre-
emptively close at least some of their beaches after signif-
icant rainfall. Twenty-eight states vary sampling based on
season and sampling more often during the summer months.
Twenty-two states vary the frequency of sampling based on
usage and sample more often at beaches with higher human
usage. Twenty-five states base the location of their sampling
on usage or proximity to a possible source of contamination.
Two states (Massachusetts and Hawaii) test waters for phar-
maceutical chemicals that would be discharged with human
sewage. Seven states have predictive models in effect for
some of their beaches; many of which have proven to be
more effective than the culture-based monitoring techniques
[15]. Four states bordering the Gulf of Mexico close beaches
after hurricanes. Texas monitors for V. vulnificus in addition
to Enterococcus and Hawaii adds C. perfringens to their

Table 1: Number of states applying various beach monitoring tech-
niques [14].

Regulatory practice Number of
states

Sampling location
Ankle 2
Knee 15
Waist 13

Frequency of sampling based on
Usage 22
Season 28

Location of sampling based on
Usage or point source 25

States allowed to issue advisories 30
States allowed to issue closures 17
Presumptive rainfall standards 17
Predictive models used 5
Unique microbial indicators used 2
Chemical indicators used 2
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Figure 1: Number of beaches monitored and days of closures and
advisories in the US [11, 14].

microbial testing. NewYork and Rhode Island utilize sanitary
surveys in their monitoring efforts, taking into consideration
environmental parameters (such as tidal stage, wild life, and
seaweed). New Hampshire has an internet-based system in
place where advisories are posted based on self-reported
illnesses acquired from swimming at certain beaches [14].
Florida monitors its coastal beaches on a weekly basis year
round using Enterococcus as the fecal microbe indicator.
Florida applies the 2004 EPA’s Recreational water Quality
Criteria (RWQC) for a single sample and geometric mean to
issue beach advisories [16].

1.2. International Regulations. International regulations
include those of the World Health Organization (WHO)
and the European Union (EU) [17, 18]. The WHO approach
differs from the US traditional monitoring guidelines in that
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Comprehensive toolbox

Source identification: sanitary
survey techniques, tracer studies, and
microbial source tracking methods

Source prevention: rainfall diversion/
treatment, community education,

animal control, bather control,
beach hygiene, and sand remediation

“Flexibility”
through

local beach
regulation plan

“Consistency”
through national

review and
approval process

Monitoring targets: indicator microbes,
pathogens, source tracking markers, and

environmental parameters

Monitoring techniques: sampling location/
time/frequency/methods, nowcast/

forecast modeling

Figure 2: Comprehensive Toolbox within an Approval Process (CTBAP) Approach. This approach is based upon three steps which include:
an inventory through the comprehensive toolbox (CTB) and two implementation principles to ensure “flexibility” and “consistency”. The
inventory (a.k.a. comprehensive toolbox, CTB) consists of the methods and tools to address recreational water quality and include guidance
for source identification and prevention along with guidance for monitoring targets and techniques. The principles of implementation are
“flexibility” which is to be incorporated into the local beach regulation plan and “consistency” through a national review panel charged with
assuring a consistent level of public health protection.”

the susceptibility of the beach to fecal pollution (i.e., the
likelihood of various fecal sources from reaching the water)
is taken into account when determining the monitoring
criteria [17]. Beaches without a known point source of
human fecal pollution are allowed higher levels of fecal
indicator microbes than ones which do.

The EU [18] regulates the sampling program (frequency
of sampling, location of sampling, and time of sampling),
including algae and/or their toxins as indicators of human
health risk [19] and, most importantly, the requirement of
“beach water profiles” for all beaches in the EU. The beach
water profile is a critical addition to the regulation since it
requires beaches to be assessed for physical, geographical, and
hydrological conditions as well as potential pollution sources.
These profiles are to be updated every 2 to 4 years depending
on their history (i.e., whether determined to be excellent,
good, sufficient, or poor) [18].

2. Methods, Alternative Approach to
Current Beach Regulations

The proposed method is based upon an alternative approach
which takes into consideration existing beach regulations.
It is clear that the US regulations focus on contaminant
discharges and monitoring for fecal microbe indicator levels,
whereas international regulations rely more heavily on the
allowable water quality levels, which for the WHO include
an expectation of flexibility based upon susceptibility of the
beach.

Specifically, we propose the establishment of an effective
criterion which we call the “Comprehensive Toolbox within
an Approval Process, (CTBAP)” (Figure 2). The CTBAP is

based upon three steps which include an inventory and two
implementation principles.The inventory (a.k.a. comprehen-
sive toolbox, CTB) consists of the methods and tools to
address recreational water quality. These include guidance
for source identification and prevention, along with guidance
for monitoring targets and techniques. The two principles of
implementation are “flexibility” which is to be incorporated
into the local beach regulation plan and “consistency” to
provide a consistent level of public health protection at the
national level. A consistent national level of health protection
implies that the monitoring targets provide the same level of
risk, regardless of geographic location. So instead of setting
the allowable indicator bacteria level at one consistent value,
which is currently practiced through the US regulations,
health risks would be set at a consistent level. The underlying
theory behind this approach is to allow and expect for state,
county, or even beach-specific flexibility, with a national
approval mechanism for a nationally comparable level of
human health protection.Themethods and techniques in the
alternative approaches would then be incorporated into the
CTB.

This national CTB with initial organization at the federal
level would create a resource which local teams (consisting of
managers and scientists as well as other parties with expertise
in the specific local conditions) may use to strategize the
local beach management plan that would work best for
them. A national CTB, in addition to providing options
for monitoring targets and techniques, should also include
guidance concerning sampling time, location, frequency,
and method; predictive modeling (forecast and nowcast);
information on how to communicate beach conditions to
beach goers; sanitary survey methods; source tracking/tracer
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study methods; health risk study techniques to include quan-
titative microbial risk assessments, epidemiologic studies,
self-reporting systems; pollution prevention methods via
infrastructure, community education, animal control, and so
forth. This CTB will need to be updated continuously by the
national regulatory agency to keep up with the knowledge
gained from new advances in the field of recreational water
quality monitoring and pollution prevention.

Specifically to provide “flexibility” to state and local beach
regulators, we recommend (1) an allowable range of targets
based upon the susceptibility of the beach to fecal pollution
as in the WHO approach and (2) an allowance for additional
measures and controls as in the EU approach. We believe the
concept of flexibility can also go further to include allowances
for multiple lines of evidence to establish an overall safety
level. For example, currently in recreational water quality
monitoring, some states include multiple measures, but
typically these measures are independent; if the threshold
for either measure is exceeded, then an advisory is issued.
Another component of the “flexibility” paradigm would be
to allow for a safety assessment based upon integrated lines
of evidence. An integrated line of evidence is consistent with
the approach used for air quality standards. For example, for
air quality standards,multiple constituents aremeasured, and
collectively they are integrated to develop a “hazard” index,
that is, Air Quality Index (AQI) [20]. A similar approach can
be included as an option in theCTBAPprocess for developing
standards for recreational bathing, where multiple lines of
evidence can be used to collectively evaluate the probability of
illness.Thesemultiple lines of evidence can includemeasures
of indicator microbes, results from modeling, weather con-
ditions, measures of additional microbes (including possibly
pathogens), and other factors.

The second principle, that of “consistency,” establishes a
consistent health protection level across the country. One
concern in providing too much flexibility to the states is
that health protection will not be equal across the nation.
The solution for this may be a national and diverse team
of experts under a national agency (such as the US EPA)
which could regularly review the proposed beach regulation
plans of the individual states. Given the specificity of the
beach, the current state of the science, and experiences as
well as beach regulation plans of other beaches, this panel
will either approve or recommend certain modifications to
the beach regulation plan.This will allow for the development
of a site-specific plan that is acceptable and comparable to
other beach regulation plans. Therefore, the baseline used is
not a single microbiological criterion, which may give a false
sense of equal protection (since recommended indicators
perform differently at different beaches and under different
conditions), but a single team of expert reviewers who would
assess health risk.

In order to implement such an approach, beach regulators
should be given a reasonable amount of time to develop their
beach regulation plans after the release of theCTBby the EPA.
Until then, the traditional criteriamay remain in effect. As the
number of approved plans increases, a matrix may develop
similar to that proposed by Boehm et al. 2009 [11].Thematrix
as recommended by these authors would be based on certain

factors (such as climate conditions and pollution sources) as
well as any other factor that is deemed important by the state
and/or local regulatory agency. Although this direction of
beach regulation is recommended for the upcoming years and
decades as science advances rapidly, such an approach will
also be more difficult to apply than the traditional approach
of beach regulation and requires initially a larger burden on
both the local beach regulators and the EPA. Therefore, the
actual implementation of such an approach will depend on
when such an approach becomes feasible at the local and
national levels.

3. Results, Outcomes from Applying
the Recommended Approach

To illustrate some of the aspects of the recommended
approach, a well-studied nonpoint source beach is used as a
case study. Assuming the existence of a comprehensive tool-
box as proposed above from which guidance may be derived,
along with the local conditions known about this beach, a
beach regulation plan may be developed. What follows is a
discussion of the different aspects that may be included in
such a beach regulation plan which would then be submitted
to the national regulatory panel for review and approval.
Given that the case study beach is well studied, the data from
the actual beach may be used in order to guide the devel-
opment of the proper monitoring techniques/targets and
source identification/prevention approaches to be included
in the beach regulation plan. Regulators for beaches not well
studied may need to couple knowledge of their beach with
any available studies from similar beaches (similar in terms
of pollution sources, geographic region, beach use, resources,
etc.) in order to develop their site-specific beach regulation
plan.

3.1. Beach Water Profile. The case study beach is located
on Virginia Key within Miami-Dade County, Florida, USA,
geographically classified as “subtropical” with an average
ambient temperature of 24.8∘C. This beach is the only beach
in the county that allows pets [21]. Given the fact that
admission is free and that the beach is located in a central
location accessible by many of the county’s residents, the
beach can become overcrowded especially on weekends and
holidays, during hours when the beach is open (between
dawn and dusk) [22].

Extensive evaluation of the vicinity of the study beach
did not find contributions from point sources of pollution
to this beach (such as sewage outfalls, failing lift stations,
and cross connections of sewage with storm drains), or less
obvious nonpoint sources (such as septic tanks) [23]. This
beach is usually in compliance with regulatory monitoring
criteria but periodically (i.e., 0.9 times per year averaged from
2002 to 2012) has been placed under a beach advisory due to
microbial water quality violations (Florida Healthy Beaches
Program Database).

At the study beach, indicator microbe levels vary sig-
nificantly both spatially (location) and temporally (time)
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Table 2: Possible sampling strategies for the study site. The choice of sampling time and place depends upon which source (shoreline or
offshore) is considered to be more strongly associated with human health.

Target background levels for study site
Highest background Enterococci
levels

Lowest background Enterococci
levels

Primary source of Enterococci
that would be measured Microbes from shoreline Microbes from offshore sources

not from shoreline sand

Sampling strategy
During morning, near peak high
tide, or after rainfall and as close
as possible to the shoreline.

During noon and afternoon, after
peak low tide, avoiding rain
events, and sampling offshore.

[24–26], as is frequently observed at other beaches [27–
30]. Enterococci, the current microbial target recommended
for marine waters and used by regulators at the study
beach, varied based on the location of sampling, with higher
levels observed near the shoreline and lower levels observed
offshore. These spatial differences are hypothesized to be due
to Enterococci release from the intertidal sand zone where
microbes are believed to regrow andpersist [31–33]. Temporal
variability is driven at the site by a combination of tidal,
rainfall, and solar radiation effects [31, 34, 35].

Given the extensive beach-specific data, it becomes clear
that any monitoring target (i.e., such as Enterococci) should
include a monitoring technique that considers both spatial
and temporal variability for the study beach (Table 2). If
Enterococci from the shoreline sand are considered to be
related to human health, the monitoring technique should
be designed so that this Enterococci signal would be the
most obvious. This would mean sampling at locations and
timeswheremicrobial concentrations are expected to bemost
elevated and during times that people may be exposed to
those waters (i.e., during the morning, after peak hightide
or rainfall events, and as close as possible to the shoreline).
However, if a relationship between Enterococci and human
health at this study beach is believed to be driven by offshore
sources of Enterococci, such as inadvertent sewage spills,
regulators may consider developing sampling strategies that
target these sources. This would entail sampling at locations
and times where microbial concentrations from sand sources
are expected to be least (i.e., during noon and afternoon,
after peak low tide, avoiding sampling after rain events, and
sampling offshore possibly at waist deep waters) (Table 2).
In this case, elevated Enterococci levels would indicate a
new offshore and potentially hazardous pollution source.
Currently samples are collected in waist deep water which
is consistent with a focus on identifying offshore sewage
impacts and avoiding the high background levels associated
with the nonpoint sources that originate from the intertidal
zone.

3.2. Monitoring Targets and Disease Endpoints. Monitor-
ing targets can include microbial, chemical, hydrologic, or
another indicator of a health risk, whereas disease endpoints
can include gastrointestinal, skin, respiratory, eye, and ear
illnesses. The most common disease endpoint evaluated tra-
ditionally for recreational swimming is gastrointestinal illness
(GI). A common method to compare potential monitoring

targets to disease end-points is through epidemiologic stud-
ies.This is accomplished through identifying the associations
between human health outcomes and monitoring targets.
In the vast majority of beaches in the USA, an epidemio-
logic study specifically for that beach is not available, and
therefore epidemiologic studies at similar beaches or other
methodologies such as quantitativemicrobial risk assessment
(QMRA) [36]may be used to assist in identifying appropriate
monitoring targets.

At the study beach, a randomized control epidemiology
study with comprehensive water microbial and environ-
mental monitoring was completed [6, 34, 37]. During the
epidemiology study, an increased risk of self-reported skin,
respiratory, and gastrointestinal illnesses were associated
with recreational bathing [6]. Statistically significant associa-
tions were observed between (a) skin disease and Enterococci
levels determined by membrane filtration, (b) skin disease
and to 24-hour antecedent rainfall, and (c) respiratory illness
and the inverse of water temperature [37]. Neither environ-
mental conditions nor microbes evaluated in this study were
found to statistically relate to self-reported gastrointestinal
illness. However, the results of the study did indicate a
possible pattern between gastrointestinal illness and both F−
coliphage andGiardia spp., both being detected on 4 of the 15
total study days (Table 3) [34], and both were detected on 3 of
the 5 days characterized by the highest excess gastrointestinal
illness (see the number represented by asterisk (∗) in Table 3).
Given the principle of “flexibility”, these targets, F− coliphage
and Giardia spp., should be thus considered as additions to
the CTB that is used to assess water quality at this site.

With respect to disease end-points, we implement the
concept of flexibility through the consideration of multiple
health endpoints [34] (Table 2), which is based on measured
health endpoints frommore than one type of illness (e.g., gas-
trointestinal, skin, and respiratory). With this methodology,
regulators are potentially guarding against a wider range of
health impacts that may result from bathing, and hence from
other pollution sources besides human sewage containing
enteric pathogens. However, the multiple health endpoints,
when applied to the data available for the study beach, were
driven by the increased report of skin illnesses given their
predominance relative to other illnesses. Therefore, for the
case study beach, themultiple health endpoints approachmay
be considered where one microbial target would be used to
assess risks from skin illnesses and another target would be
used to assess gastrointestinal illness.
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Table 3: Criteria of development based on GI illness health risk values based on microbial targets measured at study site during the beaches
epidemiologic study [34].

Sampling day 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Microbe measure

Enterococci by MF
(CFU/100mL) <2 15∗ 4∗ 15 13 99 109∗ <2 3 29∗ 50 13 <2∗ 14 <2

F− coliphage
(PFU/100mL) <0.3 1∗ 17∗ <0.3 <0.3 <0.3 <0.3∗ <0.3 <0.3 <0.3∗ <0.3 0.3 0.3∗ <0.3 <0.3

Giardia
(cysts/100 L) 1.1 <0.5∗ <0.5∗ <0.5 <0.5 <0.5 2.1∗ <0.5 <0.5 2.3∗ <0.5 <0.5 1.5∗ <0.5 1

Excess illness (%)

GI 0.0 9.7∗ 4.8∗ 0.1 2.2 2.4 5.8∗ 0.2 0.5 4.2∗ 1.9 −0.1 4.1∗ 0.0 −4.9
Skin 10.3 3.0∗ 4.8∗ −2.3 4.2 8.6 8.3∗ 7.7 2.8 15.6∗ 11.5 5.1 5.9∗ 0.0 −1.1
Respiratory 0.5 0.0∗ 5.1∗ −4.7 0.0 0.0 5.9∗ 7.3 2.2 2.0∗ 2.0 0.0 −2.0∗ 0.0 0.0
Cumulative 10.8 12.7∗ 14.6∗ −6.8 6.3 10.9 20.0∗ 15.1 5.6 21.8∗ 15.4 5.1 8.0∗ 0.0 −6.0

∗Corresponds to days with highest gastrointestinal illness.

3.3. Source Identification and Prevention. Although moni-
toring is an important aspect of beach regulation, source
identification followed by source prevention is the key to
establishing the safety of the beach environment in a long-
term sustainable manner. This focus is also consistent with
the jurisdiction of the EPA through the CWA to minimize
contaminant discharges. However, the beach profiled for the
study site did not identify point sources of pollution. Instead,
several nonpoint sources were identified including rainfall
runoff [31], bather shedding [38, 39], dog feces [21], and sand
diffusion [40, 41]. Such observations are not only observed at
the study beach but also atmany other beach sites throughout
the USA and beyond [11, 15, 42]. All of these sources come
in contact with the beach sand and/or are directly released
from the beach sand. Furthermore, analysis of the beach
sand at the site has identified potential pathogenic microbes
including protozoa, helminthes, fungi, and the bacteria, S.
aureus [43, 44].

The focus should be thus on remediation of sand sources
through multiple means, such as controlling runoff [45] and
solid waste control [46], limiting the number of pets, birds
[47], andminimizing human shedding through the provision
of showers [43].

To address the need to remediate nonpoint diffuse sources
of contamination, various source identification techniques
[48] need to be available to beach regulators in the CTB in
order for them to include these techniques in their beach
regulation plan. Sanitary survey approaches, tracer study
techniques, and microbial source tracking methodologies
need to be simplified and made more accessible to regulators
through inclusion in the CTB. Once sources are identified,
through the guidance of the CTB, beach regulators can
conduct various source prevention techniques as part of their
beach regulation plan.

4. Discussion and Conclusions

Thecomplexity of the beach system, especially that of beaches
not dominated by a point source of pollution [34], implies
that more novel and comprehensive approaches will be
needed in order to more effectively protect the health of

bathers, while at the same time limiting overconservatism
which may lead to unnecessary beach closures and economic
loss [5]. The CTBAP proposes the development of a com-
prehensive toolbox which provides an inventory of potential
monitoring targets, measurement techniques, and guidance
for source identification and prevention.The implementation
would be based upon principles of “flexibility” where states
are encouraged to identify their own targets as they develop
beach management plans and “consistency” which includes
an assessment of the plans at the national level to ensure a
consistent level of human health protection.

To that end, the specific recommendations for the study
beach reviewed here focus on controlling discharges and
providing more flexibility for the allowable levels at the
point-of-use. The study beach’s main pollution source as
described above is the sand which serves as a reservoir for
indicator and pathogenic microbes inoculated into the sand
by anthropogenic- and animal-related sources.Therefore, the
continuedmonitoring of the sand and remediation as needed
are recommended to prevent the sand from becoming a
source of microbes that constantly contaminates the water
via environmental conditions such as tidal action and rainfall.
This is in addition to the source prevention techniques men-
tioned earlier (i.e., runoff diversion and treatment and bather
and dog source remediation and prevention) to preemptively
limit sand and water pollution.

Within the confines of the current US regulations, it is
understood that the EPA has limited authority, including
limitations to regulating water only (as opposed to regulating
beach sands). Within this limitation and given the need to
control pollution sources, it is recommended that states, as
part of their implementation plans, consider the inclusion
of sand measures as part of their monitoring program.
Ideally beach management plans should include a focus on
maintaining sand quality as a means of improving water
quality. Ideally the CTB, established at the federal level, would
acknowledge sand as a potential source and ideally the CTB
would also provide guidance for measuring, modeling, and
remediating microbes from sand sources.

With respect to allowable levels at the point-of-use,
no relationship was found at the study site between fecal
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indicator bacteria and gastrointestinal illness. Indicator levels
at the site are strongly dictated by environmental conditions
which may not be related to the pathogens of concern
and hence the lack of health relation. However, given the
potential association with skin illness, Enterococci should
still remain in this beach’s monitoring criterion. Therefore,
the recommended criteria should include Enterococci, with
the understanding that an elevation in values may indicate
a potential skin illness risk as opposed to a gastrointestinal
illness-related health risk. This should then be taken into
account by regulators in determining whether or not to
place beach advisories based on this indicator alone. If such
advisories are placed, it is recommended that the risk com-
munication strategy take into account the potential disease
outcome (e.g., recommending freshwater showers after using
the beach).

Enterococci would also be beneficial to evaluate potential
sewage contamination from offshore sources; as such the
sampling protocol should include sampling, as explained
earlier, where levels would be expected to be low based on
sampling time and location (i.e., sampling in waistdeep water
during noon or afternoon). High levels in these situations
should be taken seriously as they may indicate the influence
of other offshore fecal sources of pollution (e.g., frommoored
boats) besides the expected dominant source of sand diffu-
sion.

A study is also recommended for this beach to determine
whether the addition of F− coliphage and Giardia spp. may
serve as indicators of gastrointestinal-related illness given the
prior limited epidemiologic results, and hence their addition
to the monitoring program. This may be accomplished
through an approach other than traditional epidemiology
studies such as quantitative microbial risk assessments. If
further studies warrant their use, F− coliphage may be added
as a monitoring target along with Enterococci, while Giardia
spp. may be used as a confirmatory target for the presence
of gastrointestinal health risk.The proposed beach regulation
plan for point-of-use monitoring would be similar to the
existing sampling plan for this beach except with a different
understanding of how to use Enterococci and interpret its
levels, an emphasis on source prevention (e.g., minimize
dog fecal contamination, runoff management, solid waste
management, etc.), and potential supplementary monitoring
(F− coliphage and Giardia spp.) to assist in predicting gas-
trointestinal illness.

Implementation of the “Comprehensive toolbox within
an Approval Process,” for this particular study site would
greatly benefit from guidance with respect to minimizing
impacts from sand sources, would benefit from guidance
in assessing measures of F− coliphage and Giardia spp.,
would benefit from guidelines for sample collection and
processing, and would benefit from guidelines for assessing
nontraditional disease end-points such as skin ailments.
These components can be added to the CTB once approved
through the federal level review board thereby ensuring a
comparable national protection level through this panel.

The authors acknowledge that development of a CTBAP
would require a considerable amount of additional resources.
Evaluation of state proposals and incorporating the approved

methods into a federally maintained CTB requires vali-
dation of alternative approaches on a continuous basis,
along with consensus building and considerable engagement
with the states and beach managers. Implementation of the
CTBAP would thus require a considerable investment in
time and resources by both federal and state governments,
an investment that could payoff in the long-term through
improvements in water quality and ultimately public health.
As implied by Dwight et al., [5], excess illness costs associated
with recreational swimming are on the order of many of
millions of dollars per year for two California beaches alone.
Considering all of the beaches nationally, the payoff could be
substantial for investments aimed at improving methods for
monitoring and improvingwater quality at recreational beach
sites.

Acknowledgments

This study was funded in part by the National Science
Foundation (NSF) and the National Institute of Environ-
mental Health Sciences (NIEHS) Oceans and Human Health
Center at the University of Miami Rosenstiel School (NSF
0CE0432368/0911373) and (NIEHS P50 ES12736); an NSF
REU inOceans andHumanHealth; and ESF and ERDFCon-
vergence funding to the European Centre for Environment
and Human Health (University of Exeter).

References

[1] H. Shuval, “Estimating the global burden of thalassogenic
diseases: human infectious diseases caused by wastewater pol-
lution of themarine environment,” Journal ofWater and Health,
vol. 1, no. 2, pp. 53–64, 2003.

[2] T. J. Wade, N. Pai, J. N. S. Eisenberg, and J. M. Colford Jr., “Do
U.S. Environmental Protection Agency water quality guide-
lines for recreational waters prevent gastrointestinal illness?
A systematic review and meta-analysis,” Environmental Health
Perspectives, vol. 111, no. 8, pp. 1102–1109, 2003.

[3] A. Prüss, “Review of epidemiological studies on health effects
from exposure to recreational water,” International Journal of
Epidemiology, vol. 27, no. 1, pp. 1–9, 1998.

[4] S. H. Lee, D. A. Levy, G. F. Craun, M. J. Beach, and R.
L. Calderon, “Surveillance for waterborne-disease outbreaks—
United States. 1999–2000,” Morbidity and Mortality Weekly
Report, vol. 51, no. 8, pp. 1–47, 2002.

[5] R. H. Dwight, L. M. Fernandez, D. B. Baker, J. C. Semenza, and
B. H. Olson, “Estimating the economic burden from illnesses
associated with recreational coastal water pollution—a case
study in Orange County, California,” Journal of Environmental
Management, vol. 76, no. 2, pp. 95–103, 2005.

[6] J. M. Fleisher, L. E. Fleming, H. M. Solo-Gabriele et al., “The
BEACHES Study: health effects and exposures from non-
point sourcemicrobial contaminants in subtropical recreational
marine waters,” International Journal of Epidemiology, vol. 39,
no. 5, pp. 1291–1298.

[7] J. M. Colford Jr., T. J. Wade, K. C. Schiff et al., “Water quality
indicators and the risk of illness at non-point source beaches in
Mission Bay, California,” Epidemiology, vol. 18, pp. 27–35, 2007.



8 Journal of Environmental and Public Health

[8] C. D. Heaney, E. Sams, S. Wing et al., “Contact with beach
sand among beachgoers and risk of illness,” American Journal
of Epidemiology, vol. 170, no. 2, pp. 164–172, 2009.

[9] C. D. Heaney, E. Sams, A. P. Dufour et al., “Fecal indicators in
sand, sand contact, and risk of enteric illness among beachgo-
ers,” Epidemiology, vol. 23, no. 1, pp. 95–106, 2012.

[10] T. Shibata andH.M. Solo-Gabriele, “Quantitativemicrobial risk
assessment of human illness from exposure to marine beach
sand,” Environmental Science & Technology, vol. 46, no. 5, pp.
2799–2805, 2012.

[11] A. B. Boehm, N. J. Ashbolt, J. M. Colford et al., “A sea change
ahead for recreational water quality criteria,” Journal of Water
and Health, vol. 7, no. 1, pp. 9–20, 2009.

[12] United States Environmental Protection Agency (U.S. EPA),
“Report of the expert’s scientific workshop on critical research
needs for the development of new or revised recreational
water quality criteria,” EPA-823-R-07-006, Office of Water,
Washington, DC, USA, 2007.

[13] United States Environmental Protection Agency (U.S. EPA),
“Ambient water quality criteria for bacteria,” EPA A440/5-84-
002.U.S. EPA, Washington, DC, USA, 1986.

[14] National Resource Defense Council (NRDC), Testing the
Waters. A Guide to Water Quality at Vacation Beaches, New
York, NY, USA, 2010.

[15] D. S. Francy, E. E. Bertke, and R. A. Darner, “Testing and
refining the Ohio Nowcast at Two Lake Erie Beaches. U. S.
Geological survey,” Open-File Report 2009-1066, 2008.

[16] United States Environmental Protection Agency (U.S. EPA),
“Water Quality Standards for Coastal and Great Lakes Recre-
ation Waters Rule (BEACH Act),” 69 FR 67217, 2004.

[17] World Health Organization (WHO), Guidelines for Safe Recre-
ational Water Environments. Vol. 1: Coastal and Fresh Waters,
WHO, Geneva, Switzerland, 2003.

[18] European Union (EU), “Directive 2006/7/EC of the European
Parliament and of the Council of 15 February 2006 concerning
the management of bathing water quality and repealing direc-
tive 76/160/EEC,”Official Journal of the EuropeanUnion, vol. 64,
pp. 37–51, 2006.

[19] L. E. Fleming, B. Kirkpatrick, L. C. Backer et al., “Review of
Florida red tide and human health effects,” Harmful Algae, vol.
10, no. 2, pp. 224–233, 2011.

[20] United States Environmental Protection Agency (U.S. EPA),
“AQI: A guide to air quality and your health,” EPA-456/F-09-
00. Research Triangle Park, Office of Air Quality Planning and
Standards, North Carolina, NC, USA, 2009.

[21] M. E. Wright, H. M. Solo Gabriele, S. Elmir, and L. E. Fleming,
“Microbial load from animal feces at a recreational beach,”
Marine Pollution Bulletin, vol. 58, no. 11, pp. 1649–1656, 2009.

[22] J. D. Wang, H. M. Solo-Gabriele, A. M. Abdelzaher, and L. E.
Fleming, “Estimation of enterococci input from bathers and
animals on a recreational beach using camera images,” Marine
Pollution Bulletin, vol. 60, no. 8, pp. 1270–1278, 2010.

[23] T. Shibata, H. M. Solo-Gabriele, L. E. Fleming, and S. Elmir,
“Monitoring marine recreational water quality using multiple
microbial indicators in an urban tropical environment,” Water
Research, vol. 38, no. 13, pp. 3119–3131, 2004.

[24] A. A. Enns, L. J. Vogel, A. M. Abdelzaher et al., “Spatial and
temporal variation in indicator microbe sampling is influential
in beach management decisions,”Water Research, vol. 46, no. 7,
pp. 2237–2246, 2012.

[25] A. Piggot, J. Klaus, S. Johnson, M. C. Phillips, and H. M. Solo-
Gabriele, “Enterococci levels are related to sediment biofilms
at recreational beaches in South Florida,” Applied and Environ-
mental Microbiology, vol. 78, no. 17, pp. 5973–5982, 2012.

[26] Z. Feng, A. Reniers, B. K. Haus, and H. M. Solo-Gabriele,
“Modeling sediment-related enterococci loadingrelease, trans-
port and inactivation at an embayed non-point source beach,”
Water Resources Research, 2012.

[27] M. B. Nevers and R. L. Whitman, “Policies and practices of
beach monitoring in the Great Lakes, USA: a critical review,”
Journal of Environmental Monitoring, vol. 12, no. 3, pp. 581–590,
2010.

[28] A. B. Boehm, S. B. Grant, J. H. Kim et al., “Decadal and shorter
period variability of surf zone water quality at Huntington
Beach, California,” Environmental Science and Technology, vol.
36, no. 18, pp. 3885–3892, 2002.

[29] M. C. Phillips, H. M. Solo-Gabriele, A. M. Piggot, J. S. Klaus,
and Y. Zhang, “Relationships between sand and water quality at
recreational beaches,”Water Research, vol. 45, no. 20, pp. 6763–
6769, 2011.

[30] Z. Ge, R. L. Whitman, M. B. Nevers, and M. S. Phaniku-
mar, “Wave-induced mass transport affects daily Escherichia
coli fluctuations in nearshore water,” Environmental Science &
Technology, vol. 46, no. 4, pp. 2204–2211, 2012.

[31] M. E. Wright, A. M. Abdelzaher, H. M. Solo-Gabriele, S. Elmir,
and L. E. Fleming, “The inter-tidal zone is the pathway of
input of enterococci to a subtropical recreationalmarine beach,”
Water Science and Technology, vol. 63, no. 3, pp. 542–549, 2011.

[32] T. D. Bonilla, K. Nowosielski,M. Cuvelier et al., “Prevalence and
distribution of fecal indicator organisms in South Florida beach
sand and preliminary assessment of health effects associated
with beach sand exposure,” Marine Pollution Bulletin, vol. 54,
no. 9, pp. 1472–1482, 2007.

[33] E. W. Alm, J. Burke, and A. Spain, “Fecal indicator bacteria are
abundant in wet sand at freshwater beaches,” Water Research,
vol. 37, no. 16, pp. 3978–3982, 2003.

[34] A. M. Abdelzaher, M. E. Wright, C. Ortega et al., “Daily
measures of microbes and human health at a non-point source
marine beach,” Journal ofWater andHealth, no. 93, pp. 443–457,
2011.

[35] T. Shibata, H. M. Solo-Gabriele, C. D. Sinigalliano et al., “Eval-
uation of conventional and alternative monitoring methods for
a recreational marine beach with non-point source of fecal
contamination,” Environmental Science & Technology, vol. 44,
no. 21, pp. 8175–8181, 2010.

[36] C. Haas, J. Rose, and C. Gerba, Quantitative Microbial Risk
Assessment, John Wiley & Sons, New York, NY, USA, 1999.

[37] C. D. Sinigalliano, J. M. Fleisher, M. L. Gidley et al., “Traditional
andmolecular analyses for fecal indicator bacteria in non-point
source subtropical recreational marine waters,”Water Research,
vol. 44, no. 13, pp. 3763–3772, 2010.

[38] S. M. Elmir, M. E. Wright, A. Abdelzaher et al., “Quantitative
evaluation of bacteria released by bathers in a marine water,”
Water Research, vol. 41, no. 1, pp. 3–10, 2007.

[39] S. M. Elmir, T. Shibata, H. M. Solo-Gabriele et al., “Quantitative
evaluation of enterococci and Bacteroidales released by adults
and toddlers in marine water,” Water Research, vol. 43, no. 18,
pp. 4610–4616, 2009.

[40] X. Zhu, J. D. Wang, H. M. Solo-Gabriele, L. E. Fleming, and S.
Elmir, “Amicrobial water quality model for recreational marine
beaches,”Water Research, vol. 45, pp. 2985–2995, 2011.



Journal of Environmental and Public Health 9

[41] M. C. Phillips, H. M. Solo-Gabriele, A. J. H. M. Reniers, J.
D. Wang, R. T. Kiger, and N. Abdel-Mottaleb, “Pore water
transport of enterococci out of beach sediments,” Marine
Pollution Bulletin, vol. 62, no. 11, pp. 2293–2298, 2011.

[42] B. D. Badgley, B. S. Nayak, and V. J. Harwood, “The importance
of sediment and submerged aquatic vegetation as potential
habitats for persistent strains of enterococci in a subtropical
watershed,”Water Research, vol. 44, no. 20, pp. 5857–5866, 2010.

[43] L. R. Plano, A. C. Garza, T. Shibata et al., “Shedding of
Staphylococcus aureus and methicillin-resistant Staphylococcus
aureus from adult and pediatric bathers inmarine waters,” BMC
Microbiology, vol. 11, article 5, 2011.

[44] A. H. Shah, A. M. Abdelzaher, M. Phillips et al., “Indica-
tor microbes correlate with pathogenic bacteria, yeast, and
helminthes in sand at a subtropical recreational beach site,”
Journal of Applied Microbiology, vol. 110, no. 6, pp. 1571–1583,
2011.

[45] A. Griesbach, “California’s clean beach initiative: is it working?”
in Proceedings of the National Beach Conference, p. 56, Miami,
Fla, USA, March 2011.

[46] R. J. Hernandez, Y.Hernandez, andN. Jimenez, “Recolonization
of enterococci in shore line sand after full scale beach renova-
tion,” in Proceedings of the National Beach Conference, p. 373,
Miami, Fla, USA, March 2011.

[47] R. R. Converse, J. L. Kinzelman, E. A. Sams et al., “Dramatic
improvements in beach water quality following gull removal,”
Environmental Science and Technology, vol. 46, no. 18, pp.
10206–10213, 2012.

[48] Wisconsin Department of Natural Resources (WDNR), Wis-
consin’s Nonpoint Source Program Management Plan, FFY
2011–2015, 2011, http://dnr.wi.gov/topic/Nonpoint/documents/
NPSProgramMgmtPlan6282011.pdf.



Hindawi Publishing Corporation
Journal of Environmental and Public Health
Volume 2012, Article ID 695253, 8 pages
doi:10.1155/2012/695253

Research Article

Bacteriological and Physicochemical Studies on Tigris River
Near the Water Purification Stations within Baghdad Province

Khalid K. Al-Bayatti,1 Kadhum H. Al-Arajy,2 and Seba Hussain Al-Nuaemy2

1 College of Pharmacy, University of Al-Mustansiriya, P.O. Box 14070, Baghdad, Iraq
2 College of Science, University of Al-Mustansiriya, P.O. Box 14070, Baghdad, Iraq

Correspondence should be addressed to Khalid K. Al-Bayatti, dr khalid bayatti@yahoo.com

Received 25 July 2012; Revised 27 November 2012; Accepted 28 November 2012

Academic Editor: Niyi Awofeso

Copyright © 2012 Khalid K. Al-Bayatti et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

We studied the physical, chemical, and microbiological factors that influence drinking water quality processed from River Tigris,
and of the three main drinking water purification stations located at different parts of Tigris River, along with evaluation of
drinking water of Al-Shula region in Baghdad city. Water samples were taken monthly from December 2009 to September
2010. Physical and chemical analyses of water included determination of temperature, pH, turbidity, electrical conductivity, total
dissolved solids, salinity, dissolved oxygen, and biological oxygen demand. The results of water before and after purification
indicated values within the international allowable levels. Microbial analyses included estimation of the number of total viable
microbial counts, total coliform, total fecal E. coli and Pseudomonas aeruginosa, and other pathogenic bacteria that might be
present in the water of the three stations and of the Tigris River, and also the tap water from Al-Shula houses. The results indicated
that the types and proportions of various bacterial species isolated from different water sources were almost similar. This indicates
inefficient purification procedures in all the stations studied, which exceeded the internationally allowable level of pathogens in
potable water. Also, this explains the high incidence rate of children diarrheal reported in Al-Shula region.

1. Introduction

Safety and quality of drinking water are always an important
public health concern [1, 2]. The raw water quality can be
affected by human or animal activity either within that body
of water or within its watershed.

According to UNICEF report, about 800 million people
in Asia and Africa are living without access to safe drinking
water. Consequently this has caused many people to suffer
from various diseases [3]. However, inadequate quantity,
poor quality of drinking water, and poor sanitation are the
main reasons in incidence and prevalence of diseases in the
world [4].

Contamination of water has been frequently found as-
sociated with transmission of diseases causing bacteria,
Vibrio, Salmonella, bacterial and parasitic dysentery, and
acute infection diarrhea causing E. coli [5]. Poor sanitation
and food sources are integral to enteric pathogen exposure.

Drinking water is a major source of microbial pathogen
and considered to be one of the main reasons for increased
mortality rates among children in developing countries [6].

Comprehensive evaluations of microbial quality of water
require survey of all the pathogens that have potential for
human infections [7]. World Health Organization (WHO)
essential parameters of drinking water quality are fecal
Escherichia coli and total coliforms, chlorine residual, tur-
bidity, pH, dissolved oxygen content, and temperature [8].
These guidelines are essential determinants to reduce or
eliminate the risk of water pollution. While the drinking
water resources, contaminated with agricultural, industrial,
and sewage waste are dangerous and less usable for human
consumption and for agricultural purposes.

Water Quality Index (a single value indicator of the water
quality) was analysed by Alobaidy et al. [9] to evaluate the
raw and treated drinking water from Tigris River within
Baghdad. Using this approach Alobaidy and his colleagues
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showed that Tigris water never reached “Excellent” level
nor fallen to “unsuitable” condition, except in occasional
untreated water sample. It is thus important to study and
know the physical, chemical, and biological nature of this
water to ascertain hygienic quality of water sources for
human consumption and for general community purposes.
WHO drinking water quality guidelines and Iraqi standards
both recommend that fecal coliform must not exist in
100 mL of water sample [4, 10].

In Baghdad city there are seven water treatment stations
located on the banks of the Tigris River along a distance
of 50–60 km. These stations are Sharq Diglla station, Al-
Karama station, Al-Wathba station, Al-Qadisia station, Al-
Dorra station, Al-Wahda station, and Al-Rashed station.
These stations are providing Baghdad with most of its water
requirements.

In recent years several M.Sc. and Ph.D. theses have been
conducted in Iraq concerning drinking water quality and the
impacts of some of the bacteriological and ecological factors
on the Tigris River [11–14].

The aim of this work is to study different parameters of
drinking water that affect the health of people of Baghdad
city. To perform this target, four factors were studied first,
the microbiologic survey of different pathogens of water of
Tigris River and of three water purification stations, Sharq
Diglla, Al-Karama, and Al-Qadisia. Second aim was to study
the physical and chemical factors that influence water quality
of the Tigris River. Third aim was to evaluate the treatment
efficiency of the 3 stations. The last aim was to evaluate
drinking water of Al-Shula region in Baghdad city that is
provided with water from Al-Karama purification station.

2. Materials and Methods

2.1. Study Locations. Baghdad has an area of 800 km2, and
65% of all the industrial institutions and factories were
located in Baghdad. This condition generated ecological
problems threatening the ecosystem of Baghdad city, due to
the drainage of sewages and byproducts of these institutions
and factories directly to the body of Tigris River [15].

The three purification stations were chosen according
to their purification capacity and locations along the Tigris
River. They provide Baghdad city with 910000 m3/day and
comprise about 72% of all the 7 purification stations capacity
present in Baghdad.

2.1.1. Sharq Diglla Station. The station is located at the
North of Baghdad and its purification capacity is about
650000 m3/day, it provides Al-Rusafa side of Baghdad with
drinking water, and it comprises about 51% of the purifica-
tion capacity of all the stations in Baghdad (Figure 1).

2.1.2. Al-Karama Station. The station is located at the
center of Baghdad and its purification capacity is about
160000 m3/day, it provides part of Al-Rusafa and part of Al-
Karkh sides of Baghdad with drinking water, and it comprises
about 13% of the purification capacity of all the stations in
Baghdad (Figure 1).

2.1.3. Al-Qadisia Station. The station is located at the
south of Baghdad and its purification capacity is about
100000 m3/day, and provides Al-Qadisia region with drink-
ing water and it comprises about 8% of the purification
capacity of all the stations in Baghdad (Figure 1).

2.2. Sample Collection. Duplicate sample of raw water from
Tigris River and from stations after purification were taken
every month from December 2009 to September 2010. Forty
tap water samples were also taken from the houses of Al-
Shula region during summer months, June, July, August, and
September 2010.

2.3. Bacteriological Tests. Raw water samples were collected
in clean sterilized glass bottles of 250 mL capacity from 20
to 30 cm under the surface of water of Tigris River from
the point where it inters to the pipe of purification station.
Drinking water samples from the station were also taken in
sterilized bottles of 250 mL capacity. Forty 200 mL tap water
sample were also taken from the houses of Al-Shula region
after the sterilization of house faucet. All these bottles were
closed carefully and transported to the laboratory on ice,
and kept at 4◦C, and processed within 6 hrs. Microbiological
survey of water samples including total viable bacterial
count were performed according to the general standard
methods for examination of water and waste water [16].
Total coliform, fecal E. coli, and Pseudomonas aeruginosa
was determined by means of standard coliform fermentation
technique including presumptive, confirmed, and completed
tests [17]. For identification of other pathogenic enteric
bacteria different dilutions of water samples from different
sources were spread on Nutrient agar, Macconkey agar, blood
agar, eosin-methylene blue agar (EMB), and Thiosulfate
citrate bile sucrose agar (TCBS) medium. The plates were
incubated overnight at 37◦C, and after incubation, cultures
were examined for distinct colonies. These colonies were
streaked on nutrient agar slant and incubated for 24 hrs at
30◦C, and kept as stock cultures. Conventional bacteriologi-
cal methods [18] and API20E were used for identification of
each isolate.

2.4. Physical and Chemical Tests. Glass containers of 1 L
capacity were used to collect raw water samples and drinking
water from the stations faucets as described for bacteriologi-
cal analyses, except for dissolved oxygen (DO) and biological
oxygen demand (BOD) tests, dark glass container of 300 mL
capacity were used. These containers were transported to the
laboratory on ice and kept at 4◦C and analyzed within 24 hrs.
Chemical and physical measurements of the water samples
were done as follows.

2.4.1. Temperature. The temperature of the raw water of the
Tigris River was measured by suspending a thermometer
about 10 cm below the surface of water for at least 2 minutes
before taking the reading, while the temperature of the
stations water after purification were taken by putting the
thermometer under the running water from the faucet for
5 minutes before taking the temperature [16].
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Sharq Digla station

Al-Karama station

Al-Qadissiya station

Figure 1: The locations of the three purification stations in Baghdad province.

2.4.2. Hydrogen Ion Concentration pH. The pH-meter
(SCHOTT) was used.

2.4.3. Turbidity. Turbidity meter (SCHOTT) was used, the
turbidity is expressed in Nephelometric Turbidity unit
(NTU).

2.4.4. Electrical Conductivity. The conductivity meter
(SCHOTT) was used, and the EC was determined according
to the method described by Golterman et al. [19] and it is
expressed in microsiemens/cm.

2.4.5. Total Dissolved Solid Material (TDS). The Kondukto
meter (SCHOTT) was used and the TDS is expressed in
mg/L.

2.4.6. Dissolved Oxygen (D.O). The (YSI model 54A) oxy-
gen-meter was used to determine the D.O, and is expressed
in mg/L.

2.4.7. Biological Oxygen Demand (BOD). The first reading
of D.O was taken with oxygen meter and after 5 days of
incubation of water samples in 20◦C without light, the

second reading of D.O was taken. The BOD was determined
by the below equation and expressed in mg/L

BOD = (D.O1−D.O2) mg/L. (1)

2.4.8. Salinity. The conductivity value was determined ac-
cording to the method described in [19].

2.5. Statistical Analysis. Statistical approaches, like LSD,
ANOVA, Chi-square test, Kruskal-Wallis test, and correlation
test for all the factors during the studied period and for the
3 stations, were done by analyzing the data (P < 0.05) using
SPSS Ver. (10.0).

2.6. Results and Discussion. In order to assess the water
quality of a particular pond, stream or lake, we conducted
tests to determine the level of dissolved oxygen, biological
oxygen demand, nitrate, and phosphate in the water as well
as the pH, temperature, and turbidity. These parameters
along with the microbial contamination of water like total
coliform and fecal E. coli were considered good indicators of
the quality of water [20].

Common approach in determining amount of microbial
safety of public water distribution system is based on sam-
pling strategies in consumption point or water faucet [21].
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Table 1: Confidence limit of GLM of all the variables studied with respect to seasons, months, stations, and replicate samples.

Variables studied
SOV R Squared

Corrected Model Intercept Season Month Station REP

Salinity (mg/L) of water of 3
stations

0.00 0.00 0.00 0.00 0.01 0.74

TDS (mg/L) of water of 3 stations 0.00 0.00 0.00 0.00 0.00 0.08 0.74

EC (microsemens) of water of 3
stations

0.00 0.00 0.00 0.00 0.01 0.53 0.77

Turbidity NTU of water of 3
stations

0.00 0.00 0.00 0.00 0.00 0.43 0.41

pH of water of 3 stations 0.01 0.00 0.15 0.34 0.00 0.53 0.22

No. of Pseudomonas
aeruginosa/100 mL of water of 3
stations

0.41 0.00 0.43 0.59 0.08 0.85 0.59

No. of E. coli/100 mL of water of
3 stations

0.00 0.00 0.00 0.01 0.96 0.57 0.59

Total coliform/100 mL of water
of 3 stations

0.00 0.00 0.00 0.01 0.96 0.57 0.71

Total number of bacteria of water
of 3 stations

0.00 0.00 0.00 0.00 0.22 0.26 0.59

Temperature ◦C of water of 3
stations

0.00 0.00 0.00 0.00 0.01 0.81 0.99

Temperature ◦C of air 0.00 0.00 0.00 0.00 0.16 0.98

Temperature ◦C of water of
Tigris River

0.00 0.00 0.00 0.00 0.34 0.99

BOD mg/L of water of Tigris
River

0.01 0.00 0.03 0.04 0.05 0.97 0.40

DO mg/L of water of Tigris River 0.00 0.00 0.00 0.00 0.01 0.91 0.79

Salinity (mg/L) of water of Tigris
River

0.00 0.00 0.00 0.00 0.00 0.69 0.67

TDS (mg/L) of water of Tigris
River

0.00 0.00 0.00 0.00 0.21 0.57 0.57

EC (microsiemens) of water of
Tigris River

0.00 0.00 0.00 0.00 0.00 0.52 0.61

turbidity NTU of water of Tigris
River

0.00 0.00 0.00 0.70 0.00 0.47 0.50

pH of water of Tigris River 0.01 0.00 0.01 0.02 0.18 0.30 0.42

No. of Pseudomonas
aeruginosa/100 mL of water of
Tigris River

0.00 0.00 0.01 0.06 0.01 0.30 0.46

No. of E. coli/100 mL of water of
Tigris River

0.00 0.00 0.00 0.02 0.00 0.78 0.55

Total no. of coliform/100 mL of
water of Tigris River

0.00 0.00 0.00 0.05 0.00 0.97 0.57

Total no. of bacteria/100 mL of
water of Tigris River

0.00 0.00 0.00 0.01 0.00 0.94 0.78

Therefore sampling method is a critical factor in determining
the microbial quality of distribution system, since according
to the drinking water standards [4], the number of coliform
and fecal coliform must be zero in any situation, thus raw
water supply and tap water were selected as sampling point
and all measurements were done according to [16].

Table 1 shows the confidence limit for GLM of all
variables of physical, chemical, and microbial isolates studied

with respect to seasons, months, stations, and replicate
samples. The results are briefly described.

2.6.1. Temperature. There was a high significant difference
with respect to seasons and months, air, and raw water
temperature, P < 0.01, whereas no significant difference was
recorded with respect to stations temperature. The highest
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regression value for air temperature was 0.98 and was 0.99
for both Tigris raw water and stations water.

2.6.2. pH. No significant difference were recorded between
seasons, months, and sites, P ≥ 0.05 and regression (R)
values were 0.22 for stations and 0.42 for raw water.

2.6.3. Turbidity. Data revealed turbidity values less than 5
NTU of drinking water in the stations. The turbidity of
supply water is mostly used as a measure of water quality
in water treatment plants. The desirable level less or equal
to 1 NUT was recommended by WHO. Turbidity value up
to 5 NUT will indicate inadequate efficiency of treatment
plant and possibly correlate with increased total coliform
bacteria [22]. The maximum Iranian standard of turbidity
for drinking water is 55 NTU [23]. No significant difference
for turbidity was seen with respect to seasons and months
P ≥ 0.05, whereas highly significant difference was recorded
for sites P < 0.01 and the R for the 3 stations was 0.41. The
turbidity of the raw water of Tigris was highly significant with
respect to the seasons and sites P < 0.01, and no significant
difference with respect to month P ≥ 0.05 and the R value
was 0.05.

2.6.4. Electrical Conductivity. Electrical conductivity in the
aquatic ecosystem is considered to be a good indicator for
evaluating total dissolved solid materials in water and nature
of the purity of water [16]. The EC of the 3 stations ranges
between 655–734 microsiemens/cm and this range is within
the Iraqi acceptable limit (2000 microsiemens) for drinking
water [24]. The data show high significance P < 0.01 with
respect to the seasons, months and stations and the R value
was 0.77 and for raw water was 0.61.

2.6.5. Salinity and Total Dissolved Solid. Salinity and TDS
have high significant difference with respect to seasons,
months, and stations. The P < 0.01 and the regression values
were 0.74 and 0.75 for drinking water and 0.57 and 0.67 for
raw water for both TDS and salinity, respectively.

2.6.6. Dissolved Oxygen (D.O) and Biological Oxygen Demand
(BOD). D.O and BOD also have high significant difference
with respect to seasons, months, and stations. The P < 0.01
and the regression values for D.O and BOD were 0.79 and 0.4
respectively.

2.7. Bacteriological Analysis. Bacteriological analysis of water
resources included total viable bacterial counts, total col-
iforms, total E. coli, and total Pseudomonas aeruginosa. Data
in Table 2 indicate the presence of at least 14 species of
bacteria belonging to the family Enterobacteriaceae and
some other species belong to the family Pseudomonadaceae.
The most common species were E. coli and Pseudomonas
aeruginosa. The presence of these 2 species indicate that the
drinking water are most probably contaminated with human
and animal feces [17]. The data indicated a high level of
total viable bacterial counts in water of the 3 stations and
were between (1–64 CFU/100 mL). These microbial findings

indicate a non-efficient purification procedures in all stations
studied. Also, these microbial counts were exceeding the
international allowable levels especially in the Al-Karama
station, while the total viable bacterial counts of the Tigris
river (raw water) was between (468–9100 CFU/mL). These
numbers were indicated a high significant differences for
seasons, months, and sites for the three stations (drinking
water) and also for raw water. The P < 0.01 and regression
values were 0.59 and 0.79 for drinking and raw water,
respectively.

For total coliform and fecal E. coli, the lowest and highest
average number for the 3 stations water were 1.1 and
7.1 CFU/100 mL, respectively; again these numbers exceeded
the international allowable consumption level for drinking
water [17]. A highest average numbers were recorded in
spring and summer seasons 3.3 and 3.7 CFU/100 mL for total
coliform and 2.1 and 1.5 CFU/100 mL for fecal E. coli. While
the lowest average numbers were recorded during winter and
autumn seasons 0.0 and 0.7 CFU/100 mL for total coliform
and 0.0 and 0.3 CFU/100 mL for fecal E. coli. These numbers
indicated that there are high significant difference for total
coliform and fecal E. coli in drinking water with respect to
seasons and months P < 0.01, and no significant difference
was seen with respect to the sites (stations), P > 0.05. The
regression values were 0.71 and 0.59 for total coliforms and
fecal E. coli, respectively.

In Tigris River water, on the other hand, the total
coliform counts exceeded (1795–63000 CFU/100 mL) while
the pathogenic fecal E. coli counts were between (335–
39000 CFU/100 mL). These indicated a high significant dif-
ference for total coliform and fecal E. coli in raw water
with respect to seasons and sites (stations) P < 0.01, and
significant difference was seen with respect to months P <
0.05. The regression values were 0.57 for total coliform and
0.55 for fecal E. coli.

The percentages of total coliform with respect to total
viable bacterial count were 20.4% and 32% for cold and
warm seasons, respectively while the percentages of fecal
E. coli were 22.4% and 31.7% for cold and warm seasons,
respectively. On the other hand the Pseudomonas aeruginosa
counts ranged from 2 to 21 CFU/100 mL in the 3 stations
and the highest level recorded was in summer season. These
numbers indicate high significant difference with respect to
seasons and months P < 0.01 and no significant difference
with respect to stations P > 0.05. The regression values were
0.59 for the 3 stations whereas the number of Pseudomonas
aeruginosa was between 580 and 160000 CFU/100 mL in
Tigris River. These indicate a high significant difference with
respect to seasons and stations P < 0.01 and no significant
difference with respect to months P ≥ 0.05. The regression
value was 0.46 for the Pseudomonas aeruginosa in raw water
(Table 1). Other bacterial species were also isolated from
the water resources namely Aeromonas hydrophila, Vibrio
cholera, and Vibrio fluvialis.

On the other hand, the number and different bacterial
species isolated from different water resources were also
investigated (Table 2). The dominant bacterial species were
also E. coli, Klebsiella pneumonia, and Pseudomonas aerugi-
nosa. The data in (Table 2) showed high coincidence between
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Table 2: Number and types of bacterial species isolated from different water sources.

Bacterial species
Number and types of bacterial species isolated from

M-Z test∗ C.S.Drinking water of
Al-shula houses

Water of stations Water of Tigris River

E. coli 8 10 30 0.885 NS

Serratia plymuthica 1 0 0 4.995 NS

Klebsiella
ornithiolytica

0 0 1 0.749 NS

Klebsiella pneumonia 9 4 14 6.856 S

Klebsiella terrigena 0 0 0 — —

Pseudomonas
aeruginosa

7 16 30 1.169 NS

Pseudomonas
fluorescens

1 1 2 0.207 NS

Citrobacter freundii 4 2 5 3.243 NS

Pseudomonas
paucimobilis

0 1 1 0.824 NS

Sphingomonas
paucimobilis

0 2 1 2.815 NS

Pantoea spp. 0 2 2 1.666 NS

Rahnella aquatilis 0 1 2 0.625 NS

Enterobacter sakazakii 0 3 1 5.309 NS

Enterobacter cloacae 0 1 4 1.378 NS

Enterobacter aerugena 0 0 0 — —

Proteus mirabilis 0 0 1 0.742 NS

Aeromonas hydrophila 0 1 2 0.625 NS

Vibrio cholera 0 0 3 2.251 NS

Vibrio fluvials 0 0 3 2.251 NS

Serratia ficaria 0 1 1 0.824 NS

Salmonella orizonae 0 1 0 2.909 NS

Total 30 46 103 8.851∗∗ S
∗Chi-Square test with 2 d.f. (α = 0.05) = 5.991 & (α = 0.01) = 9.210.
∗∗Kruskal Wallis test recorded (Sig. at P = 0.012, i.e., Sig. at P < 0.05).

Table 3: Statistical analyses of the total coliform and fecal E. coli from tap water of Al-Shula houses.

95% confidence Standard deviation Mean Sample Months Indicators
Higher limit Lower limit

0.36 0.00 0.35 0.11 10 June

Total coliform
1.11 0.00 0.78 0.55 10 July

7.49 0.00 5.31 3.69 10 August

1.85 0.15 1.19 1.00 10 September

2.3 0.38 3.00 1.34 40 Total

0.00 0.00 0.00 0.00 10 June

Fecal E. coli
0.72 0.00 0.70 0.22 10 July

4.79 0.00 3.52 2.27 10 August

1.68 0.00 1.26 0.78 10 September

1.47 0.17 2.03 0.82 40 Total

the types and percentages of the main bacterial species
isolated from different water sources and from patients
children with diarrhea in Al-Shula region, E. coli 27%,
Klebsiella pneumonia 30%, Pseudomonas aeruginosa 23%,
Citrobacter freundii 14%, Pseudomonas fluorescens 3%, and

Serratia plymuthica 3% [25]. The species Klebsiella pneumo-
nia was significantly different, while E. coli and Pseudomonas
aeruginosa were not significantly different in (M-Z) test
between the three sources of water (Table 2). These results
coincident with the result of other researchers that the
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Figure 2: The percentage of the efficiency of the 3 purification
stations in Baghdad.

diarrheal cases is almost resulted from consumption of
contaminated drinking water with various types of microbial
agent especially E. coli [26].

The highest numbers of total coliform and fecal E. coli
recorded for tap water in houses of Al-Shula region were
16 CFU/100 mL and 9.2 CFU/100 mL, respectively, during
august 2010 while the lowest numbers were 1.1 CFU/100 mL
and 0.0 CFU/100 mL during July 2010 respectively (Table 3).
These numbers indicate a significant difference during
August 2010, P < 0.05 (Table 4). Therefore we conclude
that the high contamination of drinking water in Al-Shula
houses with different diarrhea causing bacteria like coliform,
and fecal E. coli and others. This indicate that people from
these areas might prone to water-borne diseases, and these all
might reside behind the large number of diarrheal cases that
have been seen in patients attending Al-Hakeem hospital at
Al-Shula region.

It is noteworthy, however, that some fecal pathogens
including many viruses and protozoa, may be more resistant
to treatment by chlorine than the indicator bacteria [27], this
implies that even a low level of contamination measured by
bacteriological analysis may be a risk, especially during an
outbreak of diarrhea like cholera [10].

According to the bacteriological data investigated in this
research, it was possible to analyze the efficiency of the 3
stations according to the average total number of viable
microbial agents in (raw water) and out (drinking water) of
the purification units of the three stations using the following
equation.

Efficiency = output/input × 100,

efficiency of Sharq Diglla station = 0.55 and it
comprises 49%,

efficiency of Al-Karama station = 0.16 and it com-
prises 14%,

efficiency of Al-Qadisia station = 0.41 and it com-
prises 37%.

Accordingly, the efficiency of sharq Diglla station in
purification process is better than both stations followed by
Al-Qadisia station, then Al-Karama station Figure 2.

Table 4: Significant comparison (least sig. differences) of total
coliform and fecal E. coli (CFU/100 mL) in drinking water of houses
of Al-Shula.

September August July Months Indicators

0.475 0.006 0.723 June
Total coliform0.717 0.015 July

0.036 August

0.364 0.011 0.797 June
Fecal E. coli0.514 0.021 July

0.088 August

For raw water, the water quality showed high concen-
tration of bacteria upstream to downstream of Tigris River.
Physicochemical parameters, on the other hand, were within
the acceptable values. This might be due to pollution of
raw water from urban wastes and other sources. Treated
water quality showed to be suitable but not good for
public consumption in Sharq Diglla station (55%) efficiency
and in Al-Qadisia station (41%) efficiency while it showed
unacceptable water quality (14%) efficiency in Al-Karama
station. These results were in accordance with the results
obtained by Alobaidy et al. [9]. They concluded that the
raw water of Tigris is poorest in quality throughout the
year as the efficiency of Water Treatment Plants ranges
from 25.07 to 63.30 in a whole period of 7 years of study.
Therefore, the Authority should strive to control various
procedures employed for treating and purification process
in all the purification stations in Baghdad city. Ultimately,
reconsideration of the water treatment stations system is
needed since these stations were designed to provide physical
and biological treatment rather than chemical treatment of
raw water [13].

3. Conclusions

According to the results obtained, we conclude with the
following.

(1) Total coliform counts and fecal E. coli counts at
the three stations in all seasons were more than
the international permissible levels recommended by
WHO. The level at Al-Qadisia station was much less
than the level at Al-Karama station. This might due to
heavy contamination of Tigris River with waste water
discharged from more than 15 untreated Al-Rusafa
and Al-Karkh sewage upstream of Al-Karama station
intake. Therefore, strict measures should be taken in
order to control the levels of pollutants discharged
into Tigris River.

(2) Water quality in all water treatment stations with
respect to temperature, pH, turbidity, salinity, and
E.C are all within the water quality standards recom-
mended by Iraqi and WHO standards except TDS.
Total dissolved solids was increased in treated water
than in river water. This could be due to the addition
of Alum to the water during the coagulation process
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and to the absence of any chemical treatment unit in
Baghdad water treatment process.

(3) The efficiency of Sharq-Diglla station in purification
process is better than both Al-Qadisia and Al-Karama
purification stations.

(4) Drinking water in Al-Shula region was not suitable
for human consumption due to high contamination
levels with Total coliform and Fecal E. coli. Therefore,
we recommend further studies in other regions of
Baghdad city with respect to suitability of drinking
water for human consumption provided by different
water purification stations.

(5) The Authority of Baghdad Mayoralty should prac-
tice more efforts in controlling various procedures
employed for treating and purification process in all
the purification stations.
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