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Horak, T. — Stérba, K. — OlSovska, J.: Vliv fluoru na zdravi zvifat a lidi. Kvasny Prum. 61, 2015, &. 1, s. 2-6

Fluor je jednim z nejrozsitenéjSich prvkd na nasi planeté. Jeho obsah ve vedlejSich pivovarsko-sladarskych produktech (mlato, sladovy
kvét, kvasnice), které jsou pouzivany pro pfipravu hospodéafskych krmiv, je limitovan v souladu s nafizenim & 356/08 pravniho fadu Ceské
republiky. Nafizeni odrazi pokyny Evropského vyboru 2008/76 / ES ze dne 25. ¢ervence 2008 a nafizeni Komise EU €. 574/2011 ze dne
16. Cervna 2011, a stanovuje jeho limit v téchto matricich na 150 mg/kg. Clanek pfinasi informace o rozsifeni fluoru v Zivotnim prostredi
a 0 moznych Skodlivych Gc¢incich nadmérného pfijmu fluoru na zdravi zvifat a lidi véetné psychického stavu. V pfipadé nadbyteéného pfijmu
fluoru dochazi u zvifat ke Spatnému vyvoji zubd, vznika skvrnita a narusena sklovina a dochazi rychle k nadmérnému opotrebeni. Mezi
dalSi priznaky patfi chromost, deformace patere, zhorSeny prisun krmiva a vody, obtizné pfibyvani na vaze a zhorsena produkce miéka.
U lidi se nadmérny pfijem fluoru muze projevit neurotoxickymi Ucinky, dale mize prispét k akceleraci Alzheimerovy nemoci. Proto legisla-
tiva vymezuje maximalni pfipustné hodnoty fluoru v krmivech véetné sladafsko-pivovarskych surovin jako je mlato a pivovarské kvasnice.

Horak, T. — Stérba, K. — OlSovska, J.: The effect of fluorine on animal and human health, Kvasny Prum. 61, 2015, No1, pp. 2-6

Fluorine is one of the most widespread elements on our planet. lts content in brewing by-products (spent grains, malt culms, yeast),
which are used for the preparation of animal feed is limited in accordance with Regulation No 356/08 of the Czech Republic law.
This Regulation reflects the guidelines of the European Committee 2008/76 / EC of 25 July 2008 and Commission Regulation EU No
574/2011 of 16 June 2011 and determines its limit in brewing by-products at 150 mg/kg. The paper is focused on information about fluo-
rine occurrence in the environment and about potential harmful effects of increased fluorine intake on animal and human health including
mental state. In animals, tooth development is hindered by uptake of fluorine, resulting in mottling and erosion of enamel and excessive
tooth wear. Other symptomatic effects include lameness, skeletal deformity, reduced feed and water intake, and lower weight gain and
milk production. In humans, increased fluorine intake can lead to neurotoxic effects, and can also play an important role in pathogenesis
of Alzheimer disease. In this context, legislative regulations define maximum amounts of fluorine in feed including brewery by-products,
such as spent grain and brewery yeast.

Horak, T. — Stérba, K. — OlSovska, J.: Der Einluss des Fluors auf die Gesundheit von Tieren und Menschen. Kvasny Prum. 61,
2015,Nr. 1, S. 2-6

Fluor gibt"s als ein der haufigsten Elemente unseres Planetes. Sein Gehalt in den Nebenbrauerei- und Malzereiprodukten (Treber,
Malzkeime, Hefe), die fiir die Futtermittelvorbereitung angewandt sind, ist in Ubereinstimmung mit der Verordnung Nr. 356/08 der
Rechtsstaatlichkeit der Tschechischen Republik limitiert. Diese Verordnung reflektiert die Richtlinien des Europaischen Komitees vom
25. July 2008 und die Verordnung EU Kommission Nr. 574/2011 vom 16. Juni 2011 und stellt Limit des Fluors in diesen Matrizen auf
150 mg/kg fest. Der Artikel bringt Informationen Uber eine Verbreitung des Fluors im Lebensmilieu und seine schadliche Auswirkungen
durch die ibermaBige Annahme auf die Tier- und Menschliche Gesundheit einschlieBlich des psychologischen Zustands. Im Falle der
UberméaBigen Annahme des Fluors bei den Tieren ist die Zahnenentwicklung verschlechtert, entsteht ein fleckiger und beschédigter
Zahnschmelz und kommt bald zur GbermaBigen Zahnabnutzung. Unter anderen Symptomen gehért Lahmheit, Wirbelséulenverkrim-
mung, schlechtere Futter- und Wasseraufnahme, schwere Gewichtszunahme und verschlechterte Milchproduktion. Bei den Menschen
kénnen durch UberméBige Annahme des Fluors die neurotoxischen Wirkunken erscheinen, weiterhin zur Beschleunigung der Alzheimer-
Krankenheit beitragen. Deshalb Legislative beschrankt die maximale zuldssige Werte des Gehalts na Fluor in Futtermittel einschlieBlich

Malz- und Brauerei Rohstoffe wie Treber und Brauhefe.
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1 UvVoD

Obsah fluoru ve vedlejSich pivovarsko-sladarskych produktech
(mlato, sladovy kvét, kvasnice), které jsou pouzivany pro pfipravu
hospodarskych krmiv, je limitovan v souladu s nafizenim ¢ 356/08
pravniho fadu Ceské republiky, ve znéni zmén 178/2009 Sb.,
169/2010 Sb., 336/2010 Sb., a 198/2011 Sb. Toto nafizeni odrazi
pokyny Evropského vyboru 2008/76 / ES ze dne 25. ¢ervence 2008
a nafizeni Komise EU €. 574/2011 ze dne 16. ¢ervna 2011 a stano-
vuje jeho limit v téchto matricich na 150 mg/kg. V souvislosti s témito
nafizenimi vyvinula AZL, Praha, VUPS, a. s., novou metodu ,Stano-
veni fluoru v mlaté a odpadnich kvasnicich®, ktera bude publikovana
na jafe letosniho roku v ¢asopise Journal of the Institute of Brewing
(Horak, 2015).

Fluor je tfinactym nejrozSifenéjSim prvkem na nasi planeté a je
tedy hojné zastoupen v Zivotnim prostfedi (Mason a Moore, 1982).
Vyskytuje se jak v padé, tak i v rostlinach a zivocisich, u kterych jej
Ize nalézt v kostech, zubech, mékkych tkanich i télnich tekutinach
(National Research Council, 2005) a predpoklada se, ze je esen-
cialnim prvkem. Ve vy$Sich koncentracich vSak muze zplsobovat
zdravotni problémy, které mohou kongit i smrti. K intoxikaci fluorem
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1 INTRODUCTION

Fluorine content in brewing by-products (spent grains, malt culms,
yeast), which are used for the preparation of animal feed is limited in
accordance with Regulation No 356/08 of the Czech Republic law.
This Regulation reflects the guidelines of the European Committee
2008/76 / EC of 25 July 2008 and Commission Regulation EU No
574/2011 of 16 June 2011 and determines its limit in brewing by-
product at 150 mg/kg. In relation to these regulations, the Analytical
laboratory of RIBM, Prague developed a new method for determina-
tion of fluorine in spent grain and yeast. This method will be pub-
lished in the spring of 2015 in the Journal of the Institute of Brewing
(Horak, 2015).

Fluorine is widely distributed throughout the environment and it is
estimated to be the 13th most abundant element on our planet (Ma-
son, Moore, 1982). It occurs both in soil and in plants and animals in
which it is found in bone, teeth, soft tissues and body fluids (National
Research Council, 1980). Fluorine is therefore considered an es-
sential element. However, higher doses of fluorine can cause health
problems, which may result in extreme cases in death. In parts of
China, India, South Africa and Turkey, groundwater with high fluoride
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mUze dochdazet jak ze zdroju pitné vody, coz bylo zdokumentovano
v oblastech Ciny, Indie, jizni Afriky a Turecka, tak i z navatého pra-
chu z lozisek fosfore€nanovych hornin v severni Africe (Underwood,
1981) nebo z vulkanickych plynt nebo popela napt. na Islandu (Ro-
holm, 1937).

V poslednich desetiletich se navic stale zvySuje zatizeni Zivotniho
prostfedi slouc¢eninami fluoru, a to nejen v disledku prudkého roz-
voje pramyslovych odvétvi, kterd zpracovavaji slou€eniny fluoru ve
velkém mnozstvi, ale i diky vzrlstajici spotfebé mineralnich hnojiv
a pesticidi (Suttie, 1969; Jubb et al., 1993; Schultheiss a Godley,
1995; Cronin et al., 2000).

Navzdory vyjmenovanym efektlim fluoru je stale v fadé statt z du-
vodu péce o chrup fluorovana pitna voda. Podle doporuéeni svétové
zdravotnické organizace by se obsah fluoru v takto obohacené vodé
mél pohybovat v zavislosti na klimatu v rozmezi 0,5-1,0 mg/l (WHO
1994).

2 ABSORPCE FLUORU ORGANISMEM

Fluor rozptyleny v ovzdusi se do téla dostava pres respiracni apa-
rat. Absorpce fluoru kiizi byla pozorovana pouze v pfipadé zasazeni
kyselinou fluorovodikovou (National Research Council, 2005).

K sorpci fluoru z potravy dochazi predevsim v Zaludku a tenkém
stfevu. Sorpce fluoru v Zaludku je ovlivnéna hodnotou pH — pfi jeho
nizkych hodnotach dochazi ke vzniku snadno prostupné kyseliny
fluorovodikové (Whitford a Pashley, 1984). Z nékterych vyzkumu
ale vyplyva, Ze k absorpci fluoru dochazi zejména v tenkém streve,
kde rychlost sorpce neni ovlivnéna hodnotou pH (Nopakun et al.,
1989; Nopakun a Messer, 1990). Naproti tomu byl popsan i vliv fyzi-
ologického stavu, kdy byla zjisténa u vyhladovélych zvifat az 100%
absorpce fluoru v zaludku (Cerklewski, 1997).

U prezvykavcl se uplatiuje zejména pasivni absorpce fluoru ve
stfevech (National Research Council, 2005). Tento proces je ovliv-
nén zejména slozenim stravy. Zatimco pfitomnost soli hliniku (Bec-
ker et al. 1950; Hobbs a Merriman, 1959; Krishnamachari, 1987)
a vapniku (Weddel a Muhler, 1954) potladuje priibéh sorpce, vyssi
obsah tukd ve stravé mlze vstfebavani fluoru podpofit (McGown
a Suttie, 1974).

3 VLIV FLUORU NA ZDRAVI ZVIRAT

Nejvétsi podil fluoru ve zvifecim organismu je v jejich kostfe. Kon-
centrace fluoru v kostech se bézné pohybuje mezi 300 az 600 ug/g
v susiné. Nejvétsi koncentrace se nachazeji v Zebrech a obratlich
(Underwood, 1981). Zuby obsahuji zhruba poloviéni mnozstvi fluoru
nez kosti a v mékkych tkanich prezvykavcl se nachazi okolo 204
pg fluoru/g susiny (Underwood, 1981). Vzhledem k tomu, Ze zna¢na
¢ast fluoru se vylu€uje moci, nachazi se v ledvinach nejvyssi kon-
centrace fluoru ze vS§ech mékkych tkani (National Research Council,
1974). Obsah fluoru v plasmé reflektuje aktualné jeho pfijem v po-
travé. Normalni hodnota se pohybuje u zdravych zvifat pod 0,1 pg/g,
u zvifat vystavenych vysoké expozici fluorem je tato hodnota kolem
1 pg/g (Suttie et al., 1972). Jak plyne z mnoha studii, mléko obsa-
huje relativné méné fluoru, nebot fluor obtizné prochazi prsni zlazou
(Underwood, 1981; Miller et al., 1991). Napfiklad, mléko od krav ve
véku od 3 mésicl do 7,5 let, které Zraly krmivo obsahujici 10, 19,
55 a 109 pg fluoru/g, obsahovalo 0,06, 0,10, 0,14 a 0,20 g fluoru/g
mléka (Greenwood et al., 1964). Suttie et al. (1957) publikoval kon-
centrace fluoru v ¢erstvém miéku v rozsahu 0,1 az 0,4 pg/g u fluo-
rem exponovaného skotu a dal$i studie uvadi dokonce hodnoty az
0,64 pg/g (Krishnamachari, 1987).

Vzhledem k tomu, Ze je fluor bézné rozsifen v zivotnim prostredi,
nebylo dosud potvrzeno, ze by nedostatek fluoru, s vyjimkou dental-
niho hlediska, zplsoboval zdravotni problémy ¢&i dokonce ohrozoval
zvifata na zZivoté (National Research Council, 2005). Na toto téma
byla provedena cela fada studii, z nichZ nékteré prokazaly u labo-
ratornich zvifat Zijicich v uméle vytvofeném prostfedi zbaveného
fluoru urcité priznaky, které mohou souviset s nedostatkem fluoru,
napf. zhor$eny rlst (Schwarz a Milne, 1972; Milne a Schwarz, 1974;
Messer et al., 1974). Dalsi studie vSak tuto moznost nepotvrdily
(Maurer a Day, 1957; Doberenz et al., 1964; Weber a Reid, 1974;
Tao a Suttie, 1976).

Naproti tomu, negativni vliv fluoru na zdravi zvirat je od roku 1931
zdokumentovéan na fadé pfipadi (Underwood, 1981). Fluor inhibuje
velké mnozstvi metaloenzym( obsahujicich méd, mangan, zinek,
nikl a Zelezo tim, Zze se navaze na jejich aktivni misto. Déle jsou inhi-

concentrations causes fluorosis in grazing animals, while in parts of
North Africa chronic fluorosis is caused by contamination of plant
foliage and water by fluoride rich phosphatic dust blown from phos-
phate rock deposits (Underwood, 1981). Chronic and acute fluorosis
is also common in Iceland during and following volcanic eruption,
where fluoride rich gases and ashes contaminate surrounding pas-
tures (Roholm, 1937).

In recent decades, moreover, the environmental pollution with flu-
orine compounds is increasing not only due to the rapid development
of industries that process fluorine compounds in large quantities, but
also due to the increasing consumption of mineral fertilizers and
pesticides (Suttie, 1969, Jubb et al., 1993, Schultheiss and Godley,
1995, Cronin et al., 2000).

In contrary, in many countries drinking water is still fluoridated be-
cause of the lower level of dental caries. By the World Health Organi-
zation is suggested a level of fluoride from 0.5 to 1.0 mg/L, depend-
ing on climate (WHO, 1994).

2 ABSORPTION OF FLUORINE BY THE
ORGANISM

Fluorine contained in the air gets into the body solely through res-
piratory apparatus. Absorption of fluorine by skin was observed only
in the case of contact with fluoric acid (National Research Council,
2005).

In humans and in rats, fluorine is absorbed in both the stomach
and small intestine (Cerklewski, 1997). At the low pH within the stom-
ach, formation of highly permeable hydrofluoric acid is encouraged
and absorption is rapid (Whitford and Pashley, 1984). Studies onin
rats indicate that most fluorine is absorbed in the small intestine,
where fluorine is absorbed by pH-independent diffusion (Nopakun
et al.,, 1989, Nopakun, Messer, 1990). If the animal is in a fasted
state, greater fluorine absorption occurs rapidly in the stomach (up
to 100% absorption), whereas in the presence of food, absorption is
50-80% efficient (Cerklewski, 1997). Passive absorption of fluorine
occurs predominantly in the rumen of ruminants (National Research
Council, 1980).

Absorption of fluorine by ruminants is affected by other dietary fac-
tors. Aluminum salts protect against high fluorine intakes by reducing
its absorption in the intestinal tract (Becker et al. 1950; Hobbs and
Merrimant, 1959; Krishnamachari, 1987), as do calcium salts in rats
(Weddel and Muhler, 1954). Increasing levels of dietary fat seem to
exacerbate the toxicity of fluorine by increasing fluorine absorption
(McGown and Suttie, 1974).

3 EFFECTS OF FLUORINE ON ANIMALS
HEALTH

The skeleton of animals normally contains the greatest proportion
of fluorine within the animal and usual whole-bone fluorine concen-
trations range between 300 and 600 pg/g (fat-free, dry basis), the
highest concentrations being within cancellous bones such as ribs
and vertebrae (Underwood, 1981). Teeth contain around half the flu-
orine concentration of bone, and soft tissue around 204 pg/g on a dry
basis in ruminants (Underwood, 1981). The kidney has the highest
fluorine concentration of soft tissue because fluorine is lost mainly in
urine (National Research Council, 1974).

Plasma fluorine concentrations reflect short-term changes in fluo-
rine uptake with levels of <0.1 pg/g in normal animals and 1 pg/g
indicating a high fluorine uptake (Suttie et al., 1972). Fluoride does
not readily pass the mammary barrier, and milk and milk products
contain less fluorine than soft tissue (Underwood, 1981; Miller et al.,
1991). Milk from cows fed with 10, 19, 55, and 109 g fluorine/g from
the age of 3 months to 7.5 years contained 0.06, 0.10, 0.14, and 0.20
pg fluorine/g on a fresh weight basis, respectively (Greenwood et al.,
1964). Suttie et. al. (1957) reported fresh milk fluorine concentrations
of 0.1-0.4 pg/g in fluorotic cattle, and values up to 0.64 pg/g have
also been reported by others (Krishnamachari, 1987).

Thanks to its natural presence in the environment, it has so far not
been proved that its insufficiency could cause health problems or
would even threaten the life of the tested animals (National Research
Council, 2005). Some studies have demonstrated various symptoms
that were attributed to fluorine deficiency in laboratory animals in
artificially fluorine depleted environments, for example worsened
growth (Schwarz, Milne, 1972; Milne, Schwarz, 1974; Messer et. al.
1974), while other authors could find no such effects (Maurer and
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Tab. 1 Pfipustné hodnoty obsahu fluoru ve stravé vybranych zvifat (Cronin et al., 2000) / Table 1 Dietary fluorine tolerance for some ani-

mals (Cronin et al., 2000)

Zvite | Animal Snasenlivost (mg F/kg susiny) / Nepfipustné mnozstvi (mg F/kg susiny)

Tolerance(mg F/kg dry matter) / Definitely unsafe amount (mg F/kg dry
matter)

Hovézi dobytek do stafi 4 mésica / S 40

Beef to 4 months old - =

Hovézi dobytek od 4 mésicti do 2 let /

Beef from 4 months to 2 years old 30-40 =50

Dospély hovézi dobytek starsi 3 let /

Mature beef more 3 years old 40-50 260

Ovce/

Sheep 60 >70

bovany enzymy aktivované dvojmocnymi kationty (napf. hof€ikem),
v nékterych pfipadech je tato inhibice podporovana pfitomnosti an-
organickych fosfatli. Fluor zplsobuje také sniZeni koncentrace vap-
niku a pfi akutnim predavkovani mize zpUsobit i smrt kvali zvySeni
hladiny drasliku v krvi nebo inhibici glykolysy (National Research
Council, 2005).

Obvykle trva tydny nebo meésice, nez se nadbyte¢ny fluor vylu-
Covany moci za¢ne zaroven ukladat uvnitf kosti, a nez se projevi
chronicka fluoridova toxicita (Underwood, 1981). Pfi chronické flu-
ordze je vzrlstajici koncentrace fluoru v kostfe doprovazena men-
§im vzristem obsahu fluoru v tkénich a krvi (Suttie et al., 1972;
Underwood, 1981) a dochazi k ovlivnéni ¢innosti rliznych enzymu
(Sievert a Philips, 1959; Shupe et al., 1962; Zebrowski et al., 1964).
U mladat dochazi v pfipadé nadbytecného pfijmu fluoru ke $pat-
nému vyvoji zubd, vznika skvrnita a narusena sklovina a dochazi
také rychle k jejimu nadmérnému opotfebeni (National Research
Council, 1974; Shupe, 1980; Milhaud et al., 1987). Mezi dalsi pfi-
znaky patfi chromost, deformace patefe, zhorSeni pfijmu krmiva
a vody, a tudiz obtizné pfibyvani na vaze a zhorSena produkce
mléka (National Research Council, 2005; Shupe, 1980; Singh
a Swarup, 1995).

Pokud jsou zvifata nepfetrzité vystavena expozici velkého mnoz-
stvi fluoru, dochazi k jeho narGstu v kostech az k hodnoté 15 000 az
20 000 pg/g, coz predstavuje 30—40néasobek normalnich hodnot. Pfi
téchto hodnotach dochazi také k nasyceni mékkych tkani fluorem.
Vysledkem je pak metabolické zhrouceni a smrt (Underwood, 1981).
Tab. 1 udavéd mezni koncentrace fluoru v krmivu pro rlizna zvirata.

4 VLIV FLUORU NA ZDRAVI CLOVEKA

Distribuce fluoru v lidském organismu je podobna jako u zvifat.
V tab. 2 jsou uvedeny koncentrace fluoru v krevni plasme, slinach
a modi v rliznych lokalitdch s nizkym obsahem fluoru v pitné vodé.

Kromé zdravotnich rizik, ktera byla popsana u zvifat, byly u lidi
pozorovany i dal$i problémy zptsobené fluorem.

Svédsky profesor neurofarmakologie A. Carlsson, laureat Nobelo-
vy ceny za fyziologii a Iékafské védy, upozornil na nebezpedi nad-
mérného pfisunu fluoru zejména pro vyvin plodu. Souc¢asné studie
jeho teorie potvrdily. Naruseni vyvoje mozku, Spatna diferenciace
neurond a dalSi histologické zmény i celkové zpozdéni nitrodélozni-
ho vyvoje bylo pozorovano pfi vySetfeni embryi a plod( po umélém
preruseni t&hotenstvi v mnoha oblastech Ciny s vysokym obsahem
fluoru v prostfedi (Du, 1992). Pfehled vSech moznych neurotoxic-
kych nasledkd nadmérného pfijmu fluoru je uveden v prehledném
¢lanku (Strunecka, 2007).

Dalsi studie ¢inskych autor( pfinaseji konzistentni vysledky, kte-
ré ukazuji vyrazny pokles 1Q u Skolnich déti zijicich v oblastech se
zvy$enym (2,5 mg/l, resp. vy$§im) obsahem fluoridi ve vodé (Li et
al., 1995; Lu et al., 2000; Xiang et al., 2003). V endemickych oblas-
tech dosahovalo primérné IQ déti hodnoty 92. Tyto vysledky byly
srovnany s hodnotami ziskanymi u skupin déti z oblasti s nizkym
obsahem fluoridu ve vodé (0,36 + 0,15 mg/l), kde primérné hodnoty
1Q dosahovaly 100-103. V oblastech se zvy§enym obsahem fluori-
di mélo 21,6 % déti 1Q nizsi nez 70, zatimco v oblastech s nizkym
obsahem fluoridi bylo takové skére nalezeno pouze u 3 % déti. Ne-
davno publikovali podobné nalezy také Iékafi z Indie (Trivedi et al.,
2007) a Iranu (Seraj et al., 2006). V endemickych oblastech (2,5 mg
fluoridu/l) mély déti vyznamné niz$i 1Q v porovnani s oblastmi s niz-
kym obsahem fluoridu s tim, Ze 56 % déti z téchto oblasti vykazovalo
1Q niz8i nez 80.

Day, 1957; Doberenz et al. 1964; Weber and Reid, 1974; Tao and
Suttie, 1976).

However, the toxic effect of fluorine in animals has been well
documented from 1931 (Underwood, 1981). Fluorine inhibits a large
amount of metalloenzymes containing copper, manganese, zinc,
nickel and iron by binding to their active site. Enzymes requiring
divalent cations (e.g., magnesium) are also inhibited, and in some
instances inhibition caused by fluoride ions is enhanced by inorganic
phosphate (e.g., enolase, succinic dehydogenase). Fluorine excess
also causes a reduction of calcium concentration and in extreme
overdose can cause death due to an increase of potassium levels in
blood or inhibition of glycolysis (National Research Council, 2005).

The effects of chronic fluorine toxicity usually take weeks or months
to manifest themselves while excess fluorine is excreted in urine
and deposited within bones (Underwood, 1981). In chronic fluorosis
caused by lower doses of fluorine, an increase in skeletal fluorine
concentrations is accompanied by a lower rise in tissue and blood
fluorine levels (Suttie et al., 1972; Underwood, 1981) and the ac-
tivities of various enzymes are affected (Sievert and Phillips, 1959;
Shupe et al., 1962; Zebrowski et al., 1964). In young animals, tooth
development is hindered by an uptake of fluorine, resulting in mottling
and erosion of enamel and excessive tooth wear (National Research
Council, 1974; Shupe, 1980; Milhaud et al., 1987). Other symptomatic
effects include lameness, skeletal deformity, reduced feed and water
intake, and lower weight gain and milk production (National Research
Council, 1980; Shupe, 1980; Singh and Swarup, 1995).

When animals are continually exposed to large amounts of fluo-
rine, its level in bones increases up to a saturation point of 15 000—
20 000 pg fluorine/g, i.e. 30—40x normal levels, at which point soft
tissues are flooded with fluorine, resulting in metabolic breakdown
and death (Underwood, 1981). Tab. 1 shows the limits of fluorine
tolerance in the feed of various animals.

4 EFFECTS OF FLUORINE ON HUMANS

Fluorine distribution in a human organism is similar to animals.
Table 2 demonstrates the concentration of fluorine in plasma, saliva
and urine in various localities with different levels of fluorine in drink-
able water. In humans, additional health risks caused by fluorine
were observed apart from those found in animals. Swedish neurop-
harmacologist A. Carlsson, a Nobel Prize laureate for physiology and
medical science (2000), warned against the adverse impact of fluo-
ride on developing child brain. Recent studies confirm these fears.
Disturbance of brain development, incorrect neuron differentiation
and other histological changes including retardation of intrauterine
development were observed during examination of embryos and fe-
tuses after abortions in many parts of China having high fluorine lev-
els (Du, 1992). An overview of possible neurotoxicity impacts of ex-
cess fluorine intake is summarized in the work of Strunecka (2007).

Some Chinese scientists have reported data showing a strong de-
crease of 1Q of school age children living in territories with elevated
fluorine content in water (2.5 mg/L and higher) (Li et al., 1995; Lu et
al. 2000, Xiang et al., 2003). The children’s IQ average reached 92
in these parts while IQ 100-103 was observed in children groups liv-
ing in territories with low fluorine content (0.36+0.15 mg/L). 1Q lower
than 70 was characterized in 21.6 % children living in areas with
increased fluorine content while in low fluorine content regions this
I1Q score was noticed in only about 3 % children. Medical research-
ers from India (Trivedi et al., 2007) and Iran have recently published
similar results (Seraj et al., 2006). In high-fluoride areas (2.5 mg
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Tab. 2 Obsah fluoru v télesnych tekutinach v oblastech s obsahem fluoru < 1 mg/l pitné vody (Strunecka, 2007; Varner et al., 1998) /
Table 2 Fluorine content in body cavity in areas with fluorine concentration < 1 mg/L of drinking water (Struneckd, 2007, Varner et al., 1998)

Télesna tekutina / Body cavity Fluor / Fluorine (mg/l)
PLAZMA / PLASMA

Evropa / Europe 0.013-0.057

Cina/ China 0.041

Indie / India 0.019-0.300
SLINY / SALIVA 0.019-0.059
MOC / URINE

Evropa / Europe 0.245-0.615

Cina/ China 0.700-0.830

Dal$im zplisobem, jak mohou déti pfijmout do téla nadmérné
mnozstvi fluorid(, jsou zubni pasty. Uzivani zubnich past s fluorem
u déti vyrazné snizuje riziko vzniku zubniho kazu (Marinho et al.,
2009). Ov8em vzhledem k atraktivnim pfichutim se stava, Ze déti
snédi vétsi mnozstvi zubni pasty a tim se intoxikuji fluorem (Basch
a Rajan, 2014). Je doporuceno, aby zubni pasty uréené pro déti ve
véku 2-3 let obsahovaly maximalné 400 ppm fluoridu, pasty pro
starsi pfedSkolni déti méné nez 700 ppm fluoridu a teprve pro déti
navstévujici Skolu Ize pouzit i pasty s obsahem fluoridu vy$Sim nez
1000 ppm (Oulis et al., 2000).

Problémy se snizenou inteligenci se v8ak mohou vyskytnout
i v dospélém veéku. Napfiklad byly zjiStény zdravotni a mentaini pro-
blémy zaméstnancl tovaren na vyrobu hliniku, pfi jehoz vyrobé se
vyskytuji fluoridy ve zvySené koncentraci (Spittle, 1994). Tito lidé
méli vyrazny pokles mentalni aktivity, oslabeni paméti, neschopnost
koordinace mySlenek a snizenou schopnost psat. Stejné tak byly po-
zorovany zmatenost, neschopnost koordinace, letargie a zpomaleni
reakci i u zaméstnancll tovaren na vyrobu uranu, zpracovavajicich
velkd mnozstvi fluoridl (Bryson, 2004).

Fluoridovy anion v kombinaci s nepatrnym mnozstvim hliniku
m0ze mit vyznamnou Ulohu pfi patogenezi Alzheimerovy nemoci
(Strunecka a Patocka, 2003). TémérF anekdoticky plsobi pfibéh vy-
zkumnika Edwarda Largenta, ktery v ramci Manhattanského projek-
tu konzumoval po fadu let fluorid ve specidlni vyzivé a ve vode, aby
prokazal, ze ,védecké poznatky neindikuji zadny zdravotni hazard
spojeny se zvySenym pfijmem fluoridu”. Bolestiva fluoréza vedla
k nutnosti nahrady kolennich kloubt, od pocatku 90. let se u néj
projevila Alzheimerova nemoc a zemfel na nasledky fraktury kréku.
Stal se tak lidskym modelem ukazky disledk( nadmérného pfijmu
fluoridl. Jeho pokusy dodnes tvofi védecky podklad soucasnych
bezpeénostnich standard v USA pro délniky v exponovanych pro-
vozech (Bryson, 2004).

5 ZAVER

Laboratorni, klinické i epidemiologické studie pfinaseji mnohé pre-
svédcivé dlkazy o potenciondlnich rizicich nadmérného pfijmu fluo-
ridu pro zdravi zvifat i lidi. Z tohoto divodu Nafizeni €. 574/2011/EU
konsolidovany vycet maximalnich limitl nezadoucich latek v krmi-
vech a Vyhlaska ¢. 356/2008 Sb. k provadéni zakona o krmivech ve
znéni zmén 178/2009 Sb., 169/2010 Sb., 336/2010 Sb., a 198/2011
Sb. udavaji pfipustné obsahy nezadoucich latek véetné fluoru v krm-
nych surovinach. Tato nafizeni se tykaji i vedlejSich pivovarsko-sla-
darskych produktu, jako jsou pivovarské mlato a pivovarské kvasni-
ce, pficemz pro sladové mlato diky jeho vysokému obsahu vlakniny
a bilkovin pfipada v uvahu rovnéz uplatnéni v humanni vyzivé, a to
zejména jako pfisada pfi vyrobé pekarenskych vyrobk( (Daniso-
va a Sladekova, 1996). Maximalni pfipustny obsah fluoru v téchto
druhotnych surovinach je stanoven na 150 mg/kg. Producenti krmiv
véetné vySe zminénych pivovarsko-sladarskych produktl by méli
vénovat zvySenou pozornost obsahu fluoru v téchto komoditach, ne-
bot u nich miize dochazet i k prekroceni tolerovanych mezi (Cerny,
2011).
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fluoride/L) children were proved to have a significantly lower 1Q in
comparison with low fluorine content areas and 56 % children from
these areas proved 1Q lower than 80.

The next possibility for intake of high fluoride amount by children
are toothpastes. The usage of toothpastes with fluoride decreases
the risk of dental caries (Marinho et al., 2009). But due to attrac-
tive flavours of toothpastes is possible, that children swallow bigger
amount of toothpaste and intoxicate themselves with fluoride in this
way (Basch and Rajan, 2014). It is suggested, that toothpastes for
2-3 years old children contain only up to 400 ppm fluoride, for older
preschool children less then 700 ppm and only for the school chil-
dren it is possible to use toothpastes with content of fluoride higher
then 1000 ppm (Oulis et al., 2000).

Problems with lower intelligence can also affect adults. Spittle
(1994) pointed to health and mental problems of employees of facto-
ries producing aluminum because fluorides are present in increased
concentration during its production. These people were distinguished
by a drop of mental activity, memory debilitation, incompetence in
the coordination of thoughts and reduced ability to write. Confusion,
incompetence in coordination, lethargy and slowing down of reac-
tions were also observed in employees of factories for uranium pro-
duction that use large amounts of fluorides (Bryson, 2004).

Fluorine in combination with low amounts of aluminum can play
important role in pathogenesis of Alzheimer disease (Strunecka and
Patocka, 2003). The story of Edward Largent seems almost anecdo-
tal. Within the frames of the Manhattan project this scientist has con-
sumed fluoride in special nutrition and in water for many years. He
wanted to demonstrate that “scientific knowledge indicates no health
hazard associated with escalated fluoride intake”. Largent was suf-
fering from painful fluorosis and had to undergo a replacement of
the knee joints. From the beginning of the nineties he suffered from
Alzeimer’ s disease and he died as a result of the femoral neck frac-
ture. Largent’s experiments thus constitute a scientific background
for US safety standards for workmen in exposed operations. He be-
came a human model demonstrating the impact of excessive fluorine
intake (Bryson, 2004).

5 CONCLUSIONS

Laboratory, clinical and epidemiologic studies present many con-
vincing arguments about potential risks of excessive fluorine intake
for animal as well as human health and also psyche. For these rea-
sons the regulation of extraneous substances in feed raw materials
including fluorine are limited by Regulation No. 574/2011/EU and
Regulation No. 356/2008 of the legal code of the Czech Republic in
amendments 178/2009, 169/2010, 336/2010 and 198/2011. These
fluorine limits are also stated for spent grains and beer yeast. The
value of this limit is 150 mg/kg. Due to the fact that spent grain con-
tains a high amount of fiber and protein it is sometimes also used for
human nutrition, especially as an additive during production of bakery
products (DaniSova and Sladekova, 1996). Feed producers including
the producers of the above brewery by-products should focuse their
attention on fluorine content in these commodities since these maxi-
mum limits could be inadvertently exceeded (Cerny, 2011).
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