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ABSTRACT

In Mexico, like most countriesin theworld, the maximum contaminant level (MCL) of fluoridein drinking
water is1.5mg/L . Thetoxic effects of fluorides, other than dental and skeletal fluorosis, include enzyme dam-
ages, which result in awide range of chronic diseases such as genetic damage, premature aging, mental retarda-
tion, cancer, bone pathol ogy, and others. In order to characterize the content of fluoride in the drinking water at
Los Altosde Jalisco region, tap water and well water samplesfrom 23 different siteswere el ectrochemically
analyzed using the approved U.S. EPA ion-selective method (Method 340.2). Los Altosde Jaliscoislocated in
the Trans-Mexican Vol canic Belt (TMV B), al so known as Neo-Vol canic Axes, where the many groundwater wells
have been found to have fluoride concentrations over the MCL. Based on the results of this study, the content
of fluoridein thewater samplesranged from 0.14 to 12.97 mg/L . The citieswherewefound reticul ated water with
fluoride concentration over the M CL are Temacapulin (11.25-12.97), Mexticacan-1 (6.64-7.50), Lagosde Moreno
(4.77-4.96), Encarnacion de Diaz (4.25-4.40), and Tepatitlan-1 (1.83-6.79). While everyone may not be affected, an
important fraction of thetotal population (approximately 200,000) of these citiesis under serious health risk and
should be of amajor concern.
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INTRODUCTION

TheLosAltosde Jalisco region, with
16,410 km? of surface areaand apopul ation
over 600,000 people, islocated inthe north-
eastern part of the state of Jalisco, Mexico (see
Figures1and 2). LosAltosdeJaliscois
conformed by 20 countiesor municipalitieswith
populationsranging from 4,907 to 124,927
inhabitants. Table 1 showsthe surfaceareaand
itscorresponding population for each county in
the Los Altosde Jalisco region (INEGI, 1995;
ITESM, 1995).

Drinking water, in Los Altos de Jalisco,
hastwo origins. (1) surfacewater, and (2)
groundwater wells. Inthe case of surfacewater,
theminera contentislow andismainly dueto

rainwater, whichisstoredin surfacereservoirs.
Themineral content inrivers, lakes, and reser-
voirsismainly dueto thedischarge of spring
watersinto themain streams. Nevertheless, itis
possibleto find polluted watersfrom anthropo-
genic sources. Theuse of groundwater for
drinking purposes should be decided after
chemical characterization, becausethereare
many hydrotherma zoneswheretheminera
content isover the Mexican nationa standards.
Our interest to eva uate the quality of the
drinking water inLosAltosdeJaliscois
becausetheregionislocatedinthe Trans-
Mexican Volcanic Belt (TMVB), dsoknownas
Neo-Volcanic Axes (EjeNeovolcanico, in
Spanishlanguage). The TMVB isaPliocene-
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Figurel. Location of thestate of Jaliscointhe
country of Mexico.
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Figure 2. Location of the Los Altosde
Jaliscoregion.

Quaternary calc-alkaine province, which
crosses Mexico between 19° and 21° N
latitude, and is characterized by hydrothermal
activity (Campos-Enriquez and Gardurio-
Monroy, 1995).

Inthe TMV B province, thechemical
composition of thegeological materiasindicates
that groundwater wellsmight have considerable
amounts of toxic elements, such as copper,
strontium, zinc, arsenic, lead, chromium, sde-
nium, aluminum, and fluoride.

Our chief concernisthat thelargeamount
of peoplelivingin LosAltosde Jalisco are
under high health risk becausethey are consum-
ing groundwater without any treatment or
support from thewater and health agencies.
However, wefound informationintheregiona
newspaperswherethe health authoritiesmention
that the peoplein Los Altosde Jalisco are
consuming safewater.

Theresult of our evaluation, whichis
shown below, indicatesthat several citiesare
consuming water with levelsof fluorideover the
Mexican national standard of 1.5 mg/L. Never-

theless, most peoplein theregion are consum-
ing bottled water and are cooking food with
boiled water.

Thehighest health risk correspondsto
childreninthe schools, mainly public schools,
wherethey consume cons derableamounts of
tap water directly from thefaucets.

The objective of thismanuscript presenta-
tionisthechemical characterization of thetap
water in LosAltosde Jaliscoin order to helpin
the determination of apractica solutionfor each
stewherethequality of thewater isnot satisfy-
ing national and internationa standards.

GEOCHEMISTRY OF FLUORIDE
Fuorineisfoundintheenvironment as
fluorides, mainly becauseit isthe most e ectrone-
gativeand reactiveof dl chemica dements.
Practically al natura watershavefluoride,
ranging fromtracelevelsto several dozen
milligramsper liter. Exceptionally higher values
can befound, such asinthe case of somelakes
in Kenyawherethe content of fluorideisover
2,000 mg/L (Gaciri and Davies, 1993). The

Proceedings of the 2000 Confer ence on Hazar dous Waste Resear ch



average concentration of fluoridein seawater is
1-1.3mg/L; however, rivers, lakes, and ground-
water generdly have concentrationsof lessthan
0.5mg/L. Incontrast, high fluoride concentra-
tionsarefrequently associated with hydrother-
mal watersresulting from volcanic activity and
fumarolic gases (WHO, 1996). Temperature,

pH, presence or absence of complexing or

precipitatingionsand colloids, solubility of
fluorine-bearing mineras, anion exchange
capacity of aguifer materials(OH- for F), and
thesizeand typeof geological formations
traversed by water arethe most important
factorscontrolling the concentration of fluoride
innatural waters(Apambireet d., 1997).

Table 1. Municipality surface and population in Los Altos de Jalisco.

M unicipality Surface (km?) Population (1995)

Acatic 362 17,906
Arandas 1,238 70,901
Cafiadas de Obregon 471 4,907
Cuquio 880 17,034
Encarnacion de Diaz 1,297 43,875
Jalostotitlan 481 26,297
Jess Maria 570 20,356
Lagos de Moreno 2,849 124,927
Mexticacan 177 7,328
Ojuelos de Jalisco 1,317 25,743
San Diego de Algjandria 432 6,389
San Juan de los Lagos 874 53,366
San Juién 268 13,700
San Miguel el Alto 511 27,237
Teocaltiche 914 37,164
Tepatitlan de Morelos 1,533 109,300
Union de San Antonio 688 15,172
Valle de Guadalupe 516 5,663
Villa Hidalgo 511 13,715
Yahualica de Gonzdlez Gallo 521 23,539

TOTAL 16,410 664,519

Sources: (ITESM, 1995), and (INEGI, 1995)
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Someof themineralswherefluoridecan
befound insgnificant fractionsarefluorite
(CaF,), apatite, villiaumite (NaF), cryolite(Na,
Al F), topaz (Al,SIO, (FOH),), mica, anphib-
oles, and rock phosphate. Themineral that
predominantly determinesthe concentration of
fluoridefound in natura watersisfluorite.
Solubility product (k) of fluorite, at 20°C, is
3.9x 10, Thislow solubility vaueimplicates
that waterswith low content of calcium should
havehigh fluoride concentration.

Theapatite group playsanimportant role
indetermining theleve of toxicity of watersdue
to theadditiond dissolution of elementssuch as
arsenicand lead. Thegenerd formulaof the
apatitegroupis

A (BO,), (OH,F.CI)
where

A=Ca, Ba Na, Pb, Sr, La, and Ce

B=PR V,andAs

BO,=CO,and SO,

Oneimportant member of thisgroupis
fluorapatite, Ca, (PO,)F..

HEALTH EFFECTS

Thereisabig controversy onthe useful -
nessof fluoridein protecting tooth decay. In
1984, the World Health Organi zation (WHO)
recommended keeping the concentration of
fluorideintherangeof 0.5to 1.5mg/L (WHO,
1996) in order to prevent dental caries, espe-
cidly inchildren. Theingestion of low dosesof
fluoride could protect tooth enamel from disso-
[ution. Tooth enamel consistsof hydroxyapatite
(Ca(PO,)(OH),). If areasonablelevel of
fluorideionispresentinthediet duringthe
growing phaseof teeth, asignificant amount of

fluorapatite, (Ca,(PO,)F., isincorporatedin
theenamel in place of the hydroxyapatite.
Fluorapatiteislesssolublein mouth acids;
hencefluoride-containing teeth areless suscep-
tibleto decay.

After the WHO recommendation, an
important number of countrieslegidated to set
1.5mg/L asthemaximum contaminant level
(MCL) for fluorideindrinking waters. Never-
theless, the USEPA, after an evaluation by the
National Research Council (NRC, 1993), kept
4.0mg/L of fluorideasMCL or primary
standard for drinking water and 2.0 mg/L as
MCL G (maximum contaminant level god) or
secondary standard. Instead of ahedlth
problem, the USEPA considersmild dental
fluorosisasan aesthetica one.

Animportant number of epidemiological
studieshave shown possible adverse effects of
thelong-termingestion of fluoride. Concentra-
tionsabovethe MCL vauecarry anincreasing
risk of dental fluorosis, and much higher con-
centrationslead to skeleta fluorosis, bone
cancer, premature aging, menta retardation, and
other health concerns.

Insevera digtrictsof Rgjasthan, India, the
population isconsuming water with fluoride
concentration up to 44 mg/L.. Permanent
deformities, jointspains, general debility, and
misery has been the consequence of consuming
water with such high mentionedlevesof fluoride
(Agarwal etal., 1999).

Endemicfluorosishasbeenreportedin
severd regionsof Mexico, wherepeopleare
consuming water with fluoride contentsover the
MCL of 1.5mg/L, whichistheMexican
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national standard for drinking water. Not only
tap water, but also bottled waterswith fluoride
ranges between 0.3310 6.97 mg/L werefound
inthecity of San LuisPotos, Mexico (Grimado
etd., 1995). Smilar values, between 0.7 and
5.6 mg/L, weredetected in thecity of Durango,
Mexico (Ortizet al., 1998). Inboth cities, San
LuisPotos and Durango, thehedlthriskis
higher than normal becausetheintakeof fluoride
comesnot only by drinking water with high
levelsof fluoride, but also by eating food
cooked with boiled water.

In 1996, the WHO concluded that, in
setting nationa standardsfor fluoride, itis
important to consider climatic conditions, water
intake, and intake of fluoridefrom other sources
such asfood and air (WHO, 1996). Intropical
countries, where people consume considerable
amountsof water, thehealthriskishigher. In
addition, highlevelsof fluorideintheair have
been reported in someregionsof Chinafrom
the combustion of high fluoride-bearing coal
(Wangetd., 1999). Thereforeitisimportant to
understand thetotd possibleexposuretofluoride
beforeassessing thepotentid public hedthrisk.

EXPERIMENTAL

Sampling

Tap water sampleswere collectedin clean
fluoride-freeplastic bottles, directly fromhome
faucetsin Los Altosde Jalisco. Trace-grade
nitric acid wasadded in order to preservethe
samplesfor future| CP-MSanalysis. The
sampleswerethen stored at approximately 5
°C. Thesame procedure was used for the one
river sampleobtained.
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Figure3. Cdlibration curvefor determination of
fluorideintap waters.

METHOD OF ANALYSIS

Fluoride concentrationswere determined
electrochemically, using the approved USEPA
ion-selectivemethod (Method 340.2). This
method isapplicableto the measurement of
fluoridein drinking water, surfaceand saline
waters, and domestic and industrial wastesina
range of concentration from 0.1 up to 1000 mg/
L (USEPA, 1991). A detailed explanation of
thisanalytical method has been reported before
(G.Rumet. al., 2000). Theelectrode used was
aFluoride/Combination Fluoride Electrode—
Orion 96-09, which was coupledto an Orion
420A Electrometer (pH meter). Standardswere
prepared from astock solution (100 mg/L) of
sodium fluoride. Figure 3 showsthecdibration
curve prepared from the measurement of the
potential (mV) of five standard solutions (0.1,
1.0,5.0, 10.0and 20 mg/L) wherethe R? value
was0.9968. Threereplicatesof each sample
wereandyzed andtheaverageisreported herein.

RESULTSAND DISCUSSION

Thetotal number of Siteswherewater
sampleswere collected was 23; one corre-
spondsto ariver sample(Rio Verderiver);
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three correspond to samplesdirectly collected
fromwell bore (Cafiadas-2, Mezcaa-1, and
Jalostotitlan); and 19 weretap water, collected
directly from homefaucets. Tepatitlan de
More oswasthe municipaity wherethe highest
number of sampleswastaken (Sx samples,
corresponding to threedifferent cities). The
Cafiadas de Obregbn municipality waswhere
the highest concentration of fluoridewasfound,
which consisted of four samplesand oneriver
sample. The samplefrom Temacapulin (asmall
village with apopulation of around 400
people) had the greatest fluoride concentration
of 12.97mg/L.

Table 2 showsthefluoride concentration
of each site sampled acrossthe Los Altosde
Jalisco region. Thefluoridecontentinthe

water samplesranged from 0.14t0 12.97 mg/L.

Thesevauesindicatenot only thedifferencesin
the source of water (surface or groundwater)
usedintheregion, but also different mineral ogi-
ca characteristicsinthegeologica structuresof
thearea

Thecitieswherefluoride concentrations
werefoundto beover theMCL are
Temacapulin (11.25-12.97 mg/L ), Mexticacan-
1(6.64-7.50mg/L), Lagosde Moreno (4.77-
4.96 mg/L), Encarnacién de Diaz (4.25-4.40
mg/L), and Tepatitlan-1 (1.83-6.79 mg/L). The
total population of thesecitiesisaround
200,000 people. Whiletheentire populationis
not at risk, alargeportion of thispopulationis
exposed to aserious potential healthrrisk and
should be of amajor concern.

Thefluoride concentration of theRio

VerdeRiver (1.94-3.05 mg/L) wasover the

Mexican national standard of 1.5mg/L. This
river isconsidered important sinceit isfeeding
the Rio Grande de Santiago that drainsinto the
Chapaal ake. Thecity of Guadagara, oneof
themost important citiesof Mexico, consumes
water directly from the Chapaal ake Reservair.
With the exception of Temacapulin, the
levelsof fluoridefoundintheremainingfive
citiesof LosAltosde Jalisco (mentioned
above) arevery similar to thevauesreported
by Grimado et d. (1995) in San LuisPotog,
and by Ortizet a. (1998) in Durango, México.
Although thereisno dataon the percentage of
people (at Los Altos de Jalisco) who prepare
their food with boiled water, representing an
additiond risk factor for human exposureto
fluoride, we can assumethat thesearesimilar to
thevaluesreported by Ortiz, et a. (1998),
whichisapproximately 90% of the popul ation.
Thisisduetothesmilaritiesin cultureand
culinary costumes. However, oneimportant
difference between Los Altos de Jalisco and
San LuisPotos and Durango isthat theambient
temperature of LosAltosde Jaliscoislower
than both cities. Thiswouldimply that theintake
of fluoride could belessat Los Altosde Jalisco.

CONCLUSIONS

After obtaining samplesfrom approxi-
mately 12,000 km?, 74% of the Los Altos de
Jalisco region, wefound fivecitiesand one
river contai ning water with fluoride concentra-
tionsintherangeof 1.83t012.97 mg/L (all
over theMexican national standards).

Inthe case of somecitieswherethereare
wellswith different concentrationsof fluoride
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Table 2. Fluoride content (mg/L) of water samplesat Los Altosde Jalisco.

M unicipality Jun-99 Aug-99 Nov-99 Feb-00

Arandas

(Arandas) — — 0.25 0.14

(Santa Maria del Valle) * — — — 0.29
Cafiadas de Obregdn

(Temecapulin) ** 12.97 11.25 11.42 12.29

(Rio Verde) 2.50 1.94 3.05 2.84

(Cafadas-1) * 0.25 0.28 0.44 0.25

(Cafiadas-2) * — — 0.68 0.29
Cuquio * — — — 0.25
Encarnacion de Diaz * — — 4.25 4.40
Jalostotitlan * — — 1.23 1.10
Lagos de Moreno * — — 477 4.96
Mexticacan

(Mexticacan-1) * — — 7.50 6.64

(Mexticacan-2) * — — — 6.33
San Diego de Algjandria * — — 0.55 0.80
San Juan de los Lagos — — 0.64 0.79
San Julian * — — 0.49 0.47
San Migudl € Alto — — 1.04 0.65
Teocaltiche — — 1.18 1.15
Tepatitlan de Morelos

(Mezcala-1) * 0.51 0.40 — —

(Mezcala-2) 0.17 0.24 — —

(Capilla de Guadalupe) — — 0.36 0.23

(Tepatitlan-1) 0.15 0.24 N- N-

(Tepatitlan-2) * 2.23 1.83 6.79 6.75

(Tepatitlan-3) * — — 0.64 0.23

* from groundwater well; ** from spring; othersfrom surfacereservoir
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(such asin Tepatitlan), werecommend one of
thefollowing dternatives. (a) closewd lsthat are
delivering water with fluoride concentration over
the MCL; (b) mix thewater of two or more
wellsin order to deliver water within nationd
standardsor; (¢) usewater wellswith fluoride
content over theM CL for other applications,
suchasirrigation of public green areas.

Insmall townsand villages, suchas
Mexticacan and Temacapulin, where the popu-
lationisrdatively low, we havetowork for the
devel opment and/or implementation of non-
sophisticated methods of fluorideremova. An
additiona program of environmenta educeation
needsto be devel oped.

A morecomplete sampling programwill
be performedin order to have abetter evalua-
tion that will allow recommendationsfor specific
and practical methodsof fluoride control for
each site. Nevertheless, our attention will be
focused onthehigher population cities, such as
LagosdeMoreno, Tepatitlan, and Encarnacion
deDiaz, whereweare planningamoreintensive
program of sampling and evduation.
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