CENTO SCIENTIFIC PROGRAMME

SEMINAR ON
"PROBLEMS OF HIGH -FLUORIDE WATERS"

held in
. Atatiirk University,
_Erzurum - Turkey

6 -~ 10 Sepsember, 1977
June

Report No. 28



~ Technical Editor : A. Seving Kislah
- Typesetting : Carol Cipa )




CONTENTS

I FOREWORD 4

“ I PROGRAMME OF THE MEETING 5
II1 PARTICIPANTS 6

IV PAPERS PRESENTED

The Effects of Fluorides on Human Health, a Review,
by John R. Reid ‘ :

A Preliminary Study of the Effect of Water-borne
Fluoride on the Fluoride Content of Soils and Plants,
by Nazmi Oruc :

The Fluoride Content of Some Spring Waters, and
Fluorosis in Eastern Anatolia by Nazmi Oruc

The Effect of High - Fluoride - Drinking - Water o
Skeletal and Dental Age by Cengiz Oktay '

Evaluation of the Chronic Fluoride Intoxication in
Dogubayazit Region from the Neurological Standpoint.
by Mehmet Uztopgular ‘

The pH Values and Fluoride Content of Maco - Water -
Sources by Gholamreza Gholamhusseiny

Fluorine; its Occurrence,.Ana1ysis, Effects on Plants,
Diagnosis, and Control by J.B.D. Robinson

Alleviation of Fluorine Toxicity in Animals, a Review.
by Ahmet Cakir '

Defluoridation Methods for Small  Communities by
Halit Goknil

10

30
43.

56 -

103
135
147

212

1233




ST




10. The Benefits of Fluorides for Humans : Tea - drinking
as a Source of Fluoridation instead of Water Supplies

by K. Simjour
VI CONCLUSIONS AND RECOMMEN'DATIONS MADE BY THE SYMPOSIUM

247

248




~ FOREWORD |

Pollution or the environment is a subject of great
topical interest and is associated in most people's minds
with the rise of modern Technology.

Dangerous pollution to the general population can
and does occur 1in quite natural. ways. ~Spring water supp-
Ties can contain toxic materials such as fluorides picked
up along the flow of the water, both above and below
ground. In the neighbourhood of volcanic regions, water
supplies with a high fluoride content, having ill-effects
to man-kind are known tq occur,

Because it was understood that the problem of a
dangerously high fluoride-content in water supplies exist-
ed in several places in the CENTQ region, the Council for
Scientific Education and Research of CENTO organised this
meeting to study the problem.  The meeting was held at
Atatiirk University, Erzurum, where scientific,medical and
dental studies 1into the occurrence and effects on humans:
and animals of .high fluoride concentrations in natural
drinking water supplies, were underway at a particular
site, . the village of Dogubayazit. .

The programme of the'meéting is summarised be]ow,

The Scientific Secretariat of CENTO must express 1its
gratitude to the President of Atatlirk University Prof,
Dr. Hursit Ertugrul for allowing us to use the facilities
of the University, and for his generous hospitality, and
-also to Prof. Dr. Nazmi Oruc,the“hostuorganisen.and.his
colleagues for theijr help in the organisation of the meet-
ing and the subsequent field trips. : '

Dr. Ray W.H. Wright
CENTO Scientific Secretary
Tehran ~ Iran
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MONDAY 6" June 1977 Opening Ceremony

Morn1ng Inaugurat1on
~ by Prof.Dr. Hursit Ertugru] _
President of Atatiirk Un1v¢rsity

Introduction to‘fechnica] Session
by Dr. R.W.H. Wright
CENTO Scientific Secretary

Introduct1ory Paper
by Prof. Dr. Nazmi Oruc
' Host Cha1rman '

Afternoon General papers

TUESDAY - Gﬂ'June 1977 -

Mbrning: Papers on Medical and Dental Problems _
Afternoon: Defluoridation Methods
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THE EFFECTS OF FLUORIDES ON HUMAN HEALTH
(A REVIEW)

by Dr. John R. Reid -
Senior Medical Officer
- Dept. of Health and
Social Security ' - .-

. Hannibal House ™ "*
THE TOXICITY OF FLUORIDES | Elephant and Castle-

(A) ACUTE | Lohdonv:jz;,f

Acute poisoning by both organic and inorganié35f1u6—

‘ride compounds has been extensively documented in various

countries. Most recorded cases have been the result of
accidental poisoning but some have been deliberate -
attempts at suicide. The usual occurrence is sodium
fluoride being in the wrong place, for example, in the
home and being mistaken for other household compounds
such as sugar, salt or baking powder. There are instances
in -institutions where mass poisoning has occurred from
simi1arv;mistakesv.of fluoride compounds (Lidbeck et al
1943). Certain rodenticides which used to contain fluo-
ride have also been implicated in outbreaks of acute
poisoning. One case recorded in the literature has been
the result of the ingestion of laundry powder (Yolken et
al 1976). However it is recognised that acute poisoning
or intoxication 1s rare as only 435 cases have been re-
corded up to 1970 (WHO . 1970) and as mentioned the mass
institution outbreak accounted for 236 cases of this
total in a single episode at .the Oregon State Hospital
(Lid:eck et al 1943).

It is generally accepted that the fatal dose of
sodium fluoride for adults is about 5 gms. As with many
other substances there 1is a wide range on the one hand
recovery following the ingestion of Tlarge doses as high
as 50 - 80 gms (Alexander 1967) and on the other hand
dosages .as low as 2. gms have been fatal. Indeed some
authorities consider a dose as Tow as 200 mgms is dan-
gerous. -

The symptoms of acute poisoning have been well docu-
mented from observations. on cases of acute poisoning and
from animal studies where acute intoxication has been in-
duced by administering fluoride compounds by different
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routes. From these studies post wmortem record1ng and
histology the effects have been classified.  In the ini-
tial “stages of acute poisoning there is congestion and
1rr1tat1on .ofthe mucosal surfaces causing abdominal pain,

;dlarr oea “and vomitting. Depending on treatment, the

e.of transmission, route of administration and the
ty “of - the - fluoride compound will decide what
1Symptoms ‘develop both in - degree and rapidity

rther symptoms consist of excessive thirst, sa11—
nd excessive Tlacrymal duct secretion, Cramps or

ipaTnfUIVSpasms of the 1imbs then develop possibly due to

dehydration and Towering of blood calcium levels. There

is depression of the vasomotor centre with 1owered blood
A pressure and respiratory paralysis. .

. VThe above description of acute poisoning is included
fon;the sake of completeness as.it is not a common occur-

" vence. It should be noted that more -cases may be seen in
the future due to the greater use of topical preparations

and fluoride tablets which could possibly get w1th1n the

lreach of children.

(B) CHRONIC

The manifestation of chron1c fluoride 1ntox1cat10n
w111 depend on the rate of ingestion, the duration of.
exposure, and the age of the subject. It is not intended
that this paper should deal with dental fluorosis. ‘

‘ The chronic exposure of fluorides can be broad]y
divided into the effects of small doses of fluoride and
into the effects of larger doses of fluoride both over a
long duration of exposure. Indeed as in many other
fields of study 1in trace elements is there an inter-
mediate stage between a subclinical effect. on the enzyme
systems which 1in some ill-defined manner can lead to
vague' clinical effects and the 1level at which overt
clinical effects are observed ? This type of problem has
emerged in the study of 1lead poisoning and does sub-
clinical lead poisoning exist. Like lead the fluorides
have an affinity to hard tissues such as bone and teeth.

1



* They are also accumulative over a life time of exposure.
Unlike lead there is no doubt that fluorine is benefical
up to certain levels. The classification of fluorine as
an essential or non-essential element depends on the cri-
teria. employed 1in determining essentiality (Underwood
1973). An essential element has been defined as one that
must be present 1in the diet to permit. survival. - This
cannot be truly said of fluorine in our present state of
knowledge but.care should be exercised in this statement
as efforts to produce animals without fluorine in the
bone have so far failed. That being so it may well be an
essential element although the exact role is yet to be
defined.

The'effects of chronic exposure to fluorides on the
various systems in the body have now to be reviewed.

1. Chronic Toxic Effects On The Skeleton

" The effects of fluorides on the skeletal system in
humans has been extensively studied in areas of high
natural fluoride Tlevels in water supplies and by many
different means. There is a wide geographical distribu-
tion of these areas involving provinces of India,Pakistan,
Syi Lanka, China, Japan, Saudi Arabia, U.S.A., Canada and
certain parts of Europe. In the United Kingdom there are
several aquifiers that have higher than normal levels
mainly in the Hartlepool area and small areas of Essex in
the South of England. Most of these supplies are either
not used now or are diluted by water from other sources
so that levels in the UK are such that there are no den-
tal or skeletal problems. ' o

" The level' of fluoride dintake below which no reten-
tion takes place must be very low even if such a situa-
fion exists. In metabolic studies with rats using 18F it
would appear that -there is no level at which complete -
elimination occurs (Wallace - Durbin 1954). Long term.
studies in rats indicate that-there 1is a continuous re-
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tention of fluoride 1in bones even at the lowest dietary
levels of fluoride that. can be employed (Smith et al
1952). The bone fluoride is roughly proportional to the
water  fluoride due both to (1) exchange at the mineral
surface and (2) incorporation of fluoride in newly formed
bone (Murray 1976). The critical levels in bone at which
fluorosis: develops has not been so well estimated in
humans® -as: it has in cattle. A daily 1intake of fluoride
at 2 ppm in the diet over 50 years results in chemical
fluorosis "only; that is with not bone mottling in other
abnormalities but even at this level other factors have
to be considered such as climate, nutritional status, age
and possible ' individual variations of absorption or
sensitivity. From the study of literature on the subject
it has been stated that 8 ppm F in the diet for 35 years
is necessary before the critical levels of 6000 ppm in
bone are attained (McClure et al 1958). Further human
studies (Krishnamachari et al 1973) have described the
severe 111 effects 1in Andhra Pradesh where fluorosis is
endemic with levels of fluoride in the drinking water of -
3.5 - 6 ppm. At these levels the authors recorded genu
valgum producing a slow ponderous gait, osteoporosis of
the skeleton and flexion deformities of the knees. The
recorded cases were 1in males with a range from 8 - 40
years and the fluorosis developed during school age and
could be fully developed by 15 years. The article empha-
sises that there is a Tow-calcium intake in: the diet-and
moreover sorghum was the staple diet of the area contain-
ing phytate which depresses calcium absorption from the -
gut. As males were only affected a hormonal cause 1is
also postulated. This type of picture is in marked con-
trast to the findings in Bartlett Texas (Leone et al
1954) and this contrast evoked an editorial (Lancet 1973)
which concluded that high fluoride intake cannot be the
only major factor responsible for the Andhra Pradesh de-
formities.. Perhaps recent animal.experiments may resolve
this 1issue of fluoride intake and osteoporosis. These
experiments indicate that nutrition may be the key factor.
Cattle were used in one experiment (Suttie et al 1973)
where heifers fed on 40 ppm F with only 60% of total
digestible nutriments showed a terminal increase in

13



skeletal retention of fluoride compared with the control

group receiving 100% total digestable nutrient diet. The
role that calcium plays in the diet has been confirmed in-
rats which on low calcium diet had altered bone meta-.
bolism and x-rays showed osteoporosis (Srirangareddy et

al 1972). Thus although cautions in aceepting ~animal
experiments applying to humans these experimerts- confirm

the findings in humans that diet plays an important role

in the types of bone fluorosis encountered in different

geographical locations. A more recent paper deals with
the nutritional and vitamin deficiency problems “in dif-

ferent parts. of India and Andhra Pradesh= where genu

valgum only occurs:in one ared of the province near where:

a dam was built and similar findings have come from an
area of South Africa close to a dam(Krishnamachari 1976).
Other factors such as uraemia and disease may also result

in atypical bone pictures and some will be discussed

under different sections.

~The clinical features of skeletal fluorosis may not
always = be obvious~ in the early stages and may be mis-
diagnosed 'as of rheumatoid origin especially 1in young

adults who complain of vague and transient pains in the

smaller joints usually the hands and feet. As ‘the, ab-
sorption levels and desposition levels increase so-do the

symptoms becoming more definite with the development of

stiffness of the spine and limitation.of movements. ‘At

<ti11 a later stage other joints become stiff and the
individual now develops an increasing kyphosis.- The pic-
ture in advanced stages is not unlike ankylosing spondy-
1itis’ ( Steinberg et al 1955 ). In extreme cases the
rigidity of the thoracic cage and the posture can induce
dyspnoea. The crippling deformities that eventually de-

velop are partly due to mechanical factors and partly due

to immobilisation resulting from pain and paraplegia

(Singh et»a1‘1962).

" The radio]dgita}"changes«are characterised by an

increase in the density of trabecular bone especially in
the Tumbar/spine and pelvis

14
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long bone cortices with narrowing of the medullary canal
is also observed due to endosteal and periosteas apposi-
tion. More advanced cases have deposition of bone in
Tigaments especially the spinal ligaments. This radiolo-

~gical picture was described by Roholm in 1937 when study-

ing - the toxicity of chronic exposure to fluorides in
cryolite “workers. He classified three radiological
stages. In  stage 1 the .spinal column and pelvis show
roughening"and blurring of the trabeculae. Stage 2 then

‘advances the picture to the merging of trabeculae giving

the bone & diffuse structureless appearance. Later in
stage 3 the bone appears as marble white shadows and the
configurataion 1is wooly. Although this is a very short

condensation of the x-ray finds by Roholm it should be
noted that unlike the changes seen in cryolite workes in
stage 1 this is not often seen in endemic fluorosis (WHO
1970). In  these endemic areas the changes are those of
stages 2 and 3 with irregular exostosis throughout the
skeleton but more pronounced in the spinal column with
encroachment of intervertebral foramina, and deposition.
of bone along 1ligaments and tendons due to “irregular

- periosteal bone formation. The osteosclerosis is more

pronounced in the spine and then the pelvis..

The histopathological changes in fluoritic bone
present a mixed and at times a confusing picture. There
is an increase in new bone formation with an increase in
the width -and number of osteoid borders (Weatherell et al
1959). There is also a resemblance to osteomalacia which
has never ‘been completely explained and:although the .
plasma alkaline phosphatase level is raised consistent
with this finding the plasma calcium is invariably normal
and the plasma phosphate 1is the same which is not con-
sistent (Murray 1976). The strong chemical bonding _.of
fluoride to calcium-and phosphorus accounts for its de-
position in hard tissue but a similar bonding is exhibit-
ed by fluoride for other cations principally : magaesium
and manganese (Fluoride 1971). In addition there are
resorption Spaces with fibrous tissue replacement which
is attributed to secondary parathyroidism (Faccimi 1966).
He postulates that bone which has taken up fluoride be-
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comes resistant to resorption which results in .para-
thyroid overactivity. However this observation is not
uniformly accepted ( Rao et al 1975 ) and this will be
further discussed nephrotoxicity.

A]though fluoritic bone is sclerotic and in a sense
there 1s more of it than normal it is not as strong as
nermal  bone allowing spontaneous fractures to occur
which may be due to this factor combined with. altered
stress areas due to deformity. It is recorded that these
spontaneous fractures are common in this cond1t10n(Nord1n
1973) and has been likened to a s1m11ar tendency in
Pagets Disease. ‘

The effects induced in the skeleton by the consump-
tion of different levels of fluoride in drinking waters
have been studied by many authors using different methods.
These studies have involved histology, chemical, roento-
geno]ogy and post mortem surveys for levels of up to 4
ppm F in drinking water.

" The ribs of 1nd1v1duals 1living in areas with 0.5,
0.8 and 1.9 ppm F in the drinking water were exam1ned
histologically (Weidmann et al 1963). The ribs were
examined for the number and thickening of the cortical
trabeculae as well as for width of cortex. No differ-
ences were seen in these three groups as judged by the
rib parameters. R

The chemical changes in bone exposed to fluoride-
have been studied by using post-mortem specimens of the
iliac crest, rib and vertebrae of individuals exposed to
drinking water conta1n1ng up to 4 ppm F (Zipkin et al
1960). The findings in bone ash relating to calcium,
phosphorus and potassium were unaffected by a mean :con-
centration of bone fluoride as high as 0,8 per cent. The
carbohydrate content decreased by 10 per.cent and the
citrate content was_reduced by 30 per cent whereas the
magnesium content increased by about 15 per cent when the
fluoride in bone showed an eight fold increase. It would
appear therefore that fluoride is depos1ted in mature
bone at the expense of other surface ions such as sod1um,

- potassium, citrate and carbonate. The increase in the

bone fluoride is associated with an increase in the.
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~crystallinity of the bone apatite (Posner et al 1963).

The x-ray surveys some of which were done on child-
ren “receiving drinking water containing 1.2 ppm F in
Newburgh- -over a period of 10 years (Schlesinger et al
1956). The right hand, both knees and lumber spine were
x-rayed and - judged for bone density and age. At the end
of the ten' year period no difference of any significance
could be found in the x-rays. Other studies have .shown
‘that there are no x-ray changes when fluoride was less
than 4 ppm, when urinary fluoride concentration was less
than 10 ppm (Sargent et al 1951) or when bone .contained
- less than about 5000 ppm F on a dry fat-free basis
(Weidmarn et al 1963)., However these fiqures can well be
not applicable to other geographically significant reg-
jons because of other factors. ' ,

As the Tlevels of fluoride intake rises to and above
10 ppm F in drinking water such as can occur in parts of
the Punjab and Southern India the bone and soft tissue
deposition increase to produce the croppling deformities
already mentioned under clinical symptoms. :

2. Chronic Toxic Effects on the Kidney

There 1is no doubt that in doses of fluoride assoc-
iated with fluoridation there has been no recorded damage
in people with normal kidneys. The role of the human
kidney in urinary excretion makes it a subject of import-
ance. Apart from bone the kidney more than any other
organ in the body is exposed to ingested fluoride and it
has been extensively studied (Fluoridation of Public
Water Supplies 1968). There are two facets to this prob-
lem (a) does fluoride in itself have a role in producing
or aggravating a nephritic state and (b) as a result of
impaired or diseased kidneys a person drinking water with
certain level of fluoride is subjected to the risk of
fluoride retention with toxic effects? As to the first
problem fluoride- induced renal pathology has never been
reported in man from chronic exposures (WHO 1970). Also
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“in the studies of cryolite workers (Roholm .1937) that
although there was extensive changes in bones and 1iga~
ments - there were no changes in the kidneys except in one
case where there was recordad 'a slight grade of.chrohic
nephritis® in a patient exposed for 24 years to.excessive
quantities of cryolite dust. Animal éxperiments have in-
duced renal changes in very high doses when rats were fed
100 ppm )10 mgm/Kgm) over a period of six months.  Hodge.
has found that 50 ppm F was insufficient and 100 ppm be
regarded as 'the borderline water concentration at which
some individuals of certain species (but not all) exhibit
changes is - about 100 ppm (Hodge et al 1964). 1In adult
and elderly cancer patients doses up to 320 mgm of sodium
fluoride a day for a period of five to six months and up
to 200 mgm daily to Teukaemic children had no evidence of
acute or chronic effects in the kidneys or in relation to
any other vital function (Black et al 1949).

Turning to the second problem there appears to be no
increase in renal damage as judged by continued examina-
tions of renal function. .Even in the presence of exten-
sive renal damage the ability of the kidney to excrete

fluoride is quite remarkable and may be due to the dif- .

fusibility of the fluoride ion across tissue membranes.
Recent reports would indicate that extensive disease of
the kidneys will in time cause increased levels of plasma -
fluorine with effect upon bone (Cordy et al 1974). In

this study patients dialysed with fluoridated water de-.
velgped osteomalacia but fluorine-induced bone disease
can mimic renal osteodystrophy. In uraemia there are .
complicated physiological pictures due to retained phos-

phorus, depressed serum calcium concentration, ‘impaired
formation of 1.25 (OH) 2D3, (dihydrotachysterol) excess

parathyroid concentration, “trace metal accumulation and
impaired collagen synthesis affect bone integrity and
added fluoride is difficult to interpret - (Raa et al 1975).

~Toxic'Effects on the Thyroid

At the <turn of the century fluorine was a compound -
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used in the treatment of: thyrotox1cos1s. Sodium f]uor1de,

"in a da}1y-dosage of 50-~.100 mgm has been reported as

causing .clinical lmprovement and reduction of the BMR.

-The hed1cat1on of fluoride ' was not- without comp]1cat1ons'-
and. TtS action  was weak and~often trans1tony. As iodine

was a“.proved drug in the treatment and in particular for
preoperatlve .preparation of ‘the patient 1t is not sur-
[ -hat_the use of . fluoride was discontinued. For-

‘tunate1ygﬁt0day-otﬁer drugs can -contrgl the. overactive
~tﬁyr01d stich as. - thiouracil and thiourea with surgery be-

ing. reserved for special cases such as adenoma of the.
therId gland with thyrotox1cos1s. T

The above presumed action of fluorine ra1sed the
questions would the consumption of fluoride induce goitre .
in areas where fluorine levels were high in the- dr1nk1ng
water and would endemic goitre become more prevalent 1in

- these .areas ? There seem to be two general premises for

these questions. The group of elements: of halogens in-

-cludes iddine, bromine, chlorine and fluorine. It is

known that fodine.is essential for the proper funct1on1ng
of - the thyroid gland which accumulates iodine to syn-
thetise - thyroxine. Bromine "and chlorine are also taken.
up by the thyroid in small amounts. It would therefore
seem reasonable that fluorine would also be taken up by
the thyroid. Also it. was assumed that as fluoride acted
on the thyroid there could be an 1od1ne-f1uor1ne antagon-
ism.  The position has been fully investigated both in
humans and in animal experiments which have allowed. the
following conclusions to be made (a) in normal ‘subjects
fluorides have no effect after a study of forty patients
given  thyroid over several * months (Korrodi et al 1956)
(b)in the United Kingdom a country-wide survey of thyroid
enlargement failed to demonstrate any connection :between
goitre and fluoride concentrations in water (Murray et al
1948). Neither did studies of chronic fluorosis in the
Punjab (S1ngh et al 1962, Siddiqui 1960) nor did investi- -
gations 1in cryo11te workers with the exception of one

- doubtful case in over sixty subjects examined (Roholm

1937) reveal an association between high fluoride inges-

tion and endemic goitre. Also' in the Fort William In-
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vestigation (Agate et al 1949)workers exposed to fluorine
fumes in the aluminium smelter industry showed no signs
of goitre. Further studies in animal with 18 F. have cor-

roborated these findings and these studies are exten-

sively documented (WHO 1970). There was a brief revival
of this controversy following a survey of 17 Himalayan
villages (Day et al 1972). The article was criticised on
both the estimation of fluoride - iodine consumption by
people in the region and also the statistical correlation

was called into question (Neil Jenkins et al 1972). Per-

haps Hodge sums the matter up and puts the problem into
perspective when talking about a dog and an enlarged
thyroid which has clouded text books for.such a long time
(Hodge H.L. et al 1974). ' -

Toxic Effects on the Systemic and Visceral Systems..

(a) Endocrine‘system

" particular attention has been paid to the effect of

fluorosis on the parathyroid glands.. The calcium ion is

an essential component of the skeleton as of many other

functions such as muscle contraction and membrane perme-
ability. A complicated process 1s thus developed to Keep
the balance of calcium in the body within.a narrow range
to allow for ingestion and excretion. This -control is
exercised primarily by the interactions of three major
hormones involving parathyroid hormone, calcitonin and
vitamin D. Other hormones may also be involved under
certain conditions such as adrenal - corticosteroids,
. oestrogens, thyroxine somatotropin "and glucagon - (Capen
1975). The parathyroids react to alterations of blood
calcium}! levels and to-a Tlesser extent the magnesium jon
in the serum but not to such a marked extent as that of
calcium (Mayer 1974). Among many of the factors influ-
encing calcium are low levels of consumption and blockage
of calcium absorption due to cértain substances in the

diet, disease in the body such as renal failure and flu--

orosis. In induced fluorosis in sheep there are hyper-

" plasia of the parathyroid glands (Faccini et al 1965)

where there was a five fold increase in parathyroid hor-
mone levels in the blood after 1 week'and'rémained elev-
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ated for 1 month. These changes were interpreted as an

increased demand for parathyroid hormone due to the de-
creased mobilation of calcium from fluoroapatite crystals
which “are - larger, more stable and less reactive to
exchange ‘réactions. Another effect could be Towered mag-
nesium-levels as the fluoride ion 1imits magnesium in the
skeletal system. - Hyperparathyroidism has been recorded
in:. patients “with  skeletal fluorosis where the glands
§ﬁowed,mohphb]QQTCa]'evidence of hyperactivity (Teotia et

al 1973). o
(b) Metabolic Effects

' -There is a considerable review of the literature on
‘the metabolism of fluoride (Hodge 1964) and. it seems
clear, as one would expect from a small molucule in the -
same chemical group as chloride, that it is rapidly ab-
sorbed from the dintestinal tract being maximal in  the
- Stomach but -can be absorbed from all parts of the intes-
- tinal tract. Rate of absorption will depend on the solu-
- bility of the fluoride . compound, the presence of other
- trace metals such as aluminium, caleium and magnesium
~which can form {nsoluble compounds with fluorine, . Cal-
cium and phosphate will react with the more active simple
fluoride compounds but will not react with the less sol-
uble covalently bound fluorides and will allow these com-
pounds to be available for -absorption. The-role:of molyb-
denum is still to be elucidated but mention is made  of
. increased molybdenum 1in soil and crops in certain parts
of Andhra Pradesh (Krishnamachari 1976). S

As fluoride is absorbed there is a rise of fluorine
in the plasma levels but this is soon corrected with flu-
orine being deposited in other organs of ‘the. body es-
pecially . those with a good vascular supply thus keeping’
the plasma fluorine level fairly constant around 0.14 to
0.19 ppm. Sudden fluctuations of the serum plasma are
- difficult to detect under present 'analytical methods but

no doubt they do rise but of very short duration. - i

The action on the‘enzymé syétem has of late received
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more attention but its action has adequately been exam-
ined with documentation of the 1iterature (Venkateswarlu
WHO 1970). It can be true to say that routine laboratory
tests fail to demonstrate any distinct - biochemical. :
changes resulting from the chronic texic action of fluo=-"
rides (Guminska et al 1975). In this paper the -authors .-
studied the ‘action of fluoride on red blood cells which"
for their energy rely on the glycolytic pathway. “Alumi= -
nium workers exposed to fluorides were examined and it"
was hoped that the experiments would confirm previous in

vitro experiments. The greatest changes 1involved .the

magnesium dependent enzymes enolase pyruvate kinase™ (PK)

and adenosine triphosphatase (ATP-ase) and the level = of

ATP in the cell. It was found that there was a- decrease

in ATP levels, lowered  blood glucose, inhibition of glu-

cose-6-phosphatase due to resynthesis of lactic acid in

gluconeogenesis. Lactic acid Tlevels were raised. The

authors also found ‘' that there was increased cell per-

meability. There is no doubt that many. enzyme systems

are affected including glycogen metabolism but to what
extent they cause symptoms is open to conjecture.

- The method in which fluoride inhibits calcification
is not known with certainty. Fluoride is bhelieved to be
an essential element in the structure of bone - not at-
tached to calcium as first thought but rather by replac-
ing hydroxyl ions in key situations of the crystal lat-
tice as an essential “defect" to use the notions of the
solid state theory. ) L E

(c) Haemopoietic System

The main difficulty in assessing the effects of flu-
oride on haemotological finding is the separation of
other factors such as nutrition imbalances and mainutri-
tion. No difference in blood counts or haemoglobin lev-
els has been found in studies of industrial fluorosis
(Agate et al 1949). In Tivestock exposed to high fluo-
rides it was found that anaemia was not a factor. ‘Some
mention is made of low levels of fluoride which under ex-.-
perimental conditions will inhibit coagulation of blood
but the mechanism is not known. On balance high fluoride
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intake does not appear to affect the haempopietic system.

(d)*‘Neur01ogfca1'syStem

Fluorldes do affect the nervous system and there is
a mass-of literature some of which is conflicting and has
_been: dealt with at Tength (WHO 1970). Neurological com-
-plication i,on1y~appear after pro]onged ingestion of high
:Tevels fluoride and where -there is advanced skeletal
e .- There are two main types radicular and myelo-
'path1c.;“Ina,the ‘radicular type there is muscle wasting
usua]ly of the small muscles of the hand,acroparaesthesia
and pain- a]ong the nerve roots affecting the upper 1limbs.
The picture is similar to that of cervical. spondy]os1°.
‘and the méchanics 1is probab]y due to the compre«cvr- ot
the -anterior nerve roots in the cervical r=yion..from
pressure of excess bone formation with ,u:row1nglof for-
amina. It is a lower motor neurcue lesion. The myelo-
path1c type affects the spinal column in advanced fluo-
rosis. The symptoms will depend at which Tevel press-
ure affects the spinal cord and also the area of the cord
subjected to pressure. This 1is an upper motor neurone
lesion. The posterior columns are more commonly involved
and next ‘the spinothalamic tracts. The clinical symptoms
‘are those associated with these tracts being affected and
can progress to typical bilateral pyramidal lesions in
which in advanced cases there are flexor spasms of Timbs,
There is an ability for fluorosis to mimic several dis-
eases of the cord but x-rays make the diagnosis clear.

_ Other vague néuro]og1cal symptoms have been . de-
-scribed but in the main have not been corroborated with
further observations.

(e) 'Cardio Vascular System

. There is no evidence that fluorides causing toxico-
logical changes 1in other systems have any effect on the
heart or the blood vessels. The Japanese and the American
studies were examined and dismissed by ‘several com-
missions of enquiry.. Also -ectopic calcification 1is now
dismissed as being due to fluoride but it is possible for
fluoride to bind with  hydroxyapatite in these calcified
areas and is a secondary phenomenon.
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It is also dangerous to use retrospective epidemi-
ological studies to substantiate any points in relation
- to fluorides as this is a very imprecise epidemiological
tool as has been shown so often in the past.

Fluoride and Mutagenicity .

From - time to time this question has been raised in
the past: No direct evidence has ever been demonstrated
that fluorides cause -mutagenicity but articles have al-
leged that they can cause uterine bleeding, abortion
still births, dry birth and other obstetrical abnormali-
ties. The literature and physiology have been reviewed
by many(Gedalia,Hodge et al,WHO 1970). A1l these claims
have been investigated and rejected by Commissioners of
Enquiry (Royal Commission Tasmania 1968). The question of
chromosomal damage has been revived following a paper at
a fairly recent meeting of the American Chemical Society
delivered by Dr. Aly H. Mohamed (1976) where test groups
of animals were given 200, 100,.- 50, 5 or 1 ppm sodium
fluoride in drinking water. Chromosomal damage - s re-
ported at the high dosage range but the .report is far
from clear at the lower range.. Animal studies are always
dangerous when applied to human beings as the animal
model may not be correct. Further if a mother is on a
urinary output of 1 ppm fluoride -here soft tissues and
‘body fluids will equiliberate at about 0.01 to 0.02 ppm
(Shen et al 1974) and foetal tissues will equiliberate at..
a little 1iower level. as the placenta seems to act as a
slight barrier and in fact has an inverse relationship to
levels of maternal fluorides much of the fluoride being
deposited in calcification loci. Thus at a time when the
foetus would be expected to be most vulnerable to genetic
damage none -has been found. Also the numerous epidemi-
ological studies into fluorides have never confirmed con-
genital abnormalities above normal in high-fluoride lev-
els. It is hard therefore to understand the vreport.. of
the Department of Biology, University of Missouri (1976)
stating that "a concentration of 1 ppm sodium fluoride in
drinking water was able to induce permanent damage to the

genetic material of mice".
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Fluorides and Cancer

.~ It has been asserted in the past that fluorides can
cause cancer but .- epidemiological studies have not sub-

“stantiated any of these claims. More recently there has

been a vevival of these assertions from studies in
America (Yiamouyannis et al 1975) where conclusions

~ showed ~an 18 per cent high total cancer rate in the ten
~largest American central cities (11 wmillion population)

whose public water supplies had been fluoridated for 15
years compared to ten Tlarge non-fluoridated American
cities (7 million population). The American National
Cancer Institute reported that there was no difference
when standardisation was made to the  figures. The NCI
opinion was supported by Dr. D.B. Taves when he examined
the same raw data (Doll 1976)
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A PRELIMINARY STUDY ON THE EFFECT OF
- WATER-BORNE FLUORIbE ON THE FLUOR[DE(
CONTENT OF SOILS AND PLANTS._'

by Professor Nazm1 Oruc
Atatiirk University
Faculty of Agriculture
Soil Science Department
- L Erzurum - Turkey
_Abstract 5 S
The purpose of th1s study was- to determ1ne the ef-
fect of naturally occuring h1gh-f1uor1de waters on the

fluoride content of soils and‘plants in the.endemic fluo-
~rotic areas in eastern Turkey. Water-soluble fluoride
" determinations were made on the soil and plant samples

collected from the fluoride contaminated areas and the
- control sites. Determination of fluoride was made using

an ion-selective electrode. The fluoride levels of soils
taken - from contaminated and - control sites ranged from

1.64 to 13.75 ppm (median = 12.00). and-from 0,05-ta 0. 54
,~EEEL£EE§1§E,:43¢500) respectively. Ana]ys1s of the plants
- growing in f1£or1de—contam1nated -s0i1 and control sites

showed Tevels of fluoride ranging from . 1.85 to 33.60 ppm
(median = 4.66)and -from 0.51 to 1.13 ppm (med1an 0.90),

respectively. A significant positive . correlation (-r =

0.606,°p = 0.05) was found between the water-soluble flu-

“oride tevel  of soil and plant samples. It is concluded
‘that water-borne fluoride -contribution to the water -

soluble fluoride content of soils has a :significant
impact on the fluoride uptake of the plants. In addition
to the 'high uptake of fluoride (6.5 - 12.5 ppm) from
drinking waters, livestock grazing in these areas, can

. ingest some f]uor1de.from the soils and plants.
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Abstract in Turkish (Tirkce Uzet)

ﬁyDaniﬁKdSuiiarda Fluoriirli Sularla Bulasmis
_Baz1;Toprak*vef81tki‘Urnek]erinde Fluoriir icerigi

. Bu.-calisma Dogubayazit ydresinde icme ve sulamada
‘kullanilan® fluoriirce zengin sularla bulasmis baz1 toprak
"ve: bitki @rneklerinde fluoriir icerigini belirlemek ve bu
yolla hayvanlarin alabilecedi fluoriir durumu hakkinda
baz1 ipuclari saglamak amaciyla yapilmistir. Bu nedenle
fluoriirli sularla bulasms sahalardan alinan 9 adet- bitki

ve 7 - adet ylizey toprak Srnefinde ve kontrol sahalardan.

alinmis 7 adet bitki ve 10 adet yiizey toprak orneginde su
ile eksrakte edilebilir fluoriir icerigi, fluoriire duyarli
elektrot araci11§1 ile tayin edilmistir. Analiz sonucla-
rina gore fluorlirli sularla bulasmis bitki Grneklerinde
fluoriir icerigi 1.85 ile 33.60 ppm (median = 4.66), top-
rak orneklerinde ise 1.64 ile 13.75 ppm (median = 12,00)

arasinda degismektedir. Kontrel olarak alinan bitki or--

neklerinde fluoriir. iceriginin 0.51 ile 1.13 ppm (median = -

0.90), toprak orneklerinde 0.05 ile 0.54 ppm (median =
0.12) arasinda de§istigi saptanmistir.’ Bazi toprak ve

bitki Ornekleri (n.-= 11) - arasindaki fluoriir icerigi. ile-

ilgili istatistiki hesaplamada korelasyon kat-sayist (r =
0.606X) onemli bulunmustur. Elde edilen bulgular fluo-
riirce dogal olarak zengin sularin kullanildig1 toprak ve

bu topraklarda yetisen bitkilerde fluoriir iceriginin art- .

t1§1m gUstermektedir. Bu durumda bSlgedeki ¢iftlik hay-

vanlarinin i¢me suyundaki fluoriire ildveten, toprak ve

bitkiler araciligr ile bir ‘miktar daha fluoriir almalari
ve dis ve iskelet florozuna yol acan toksik fluoriir sevi—,

yesinin artmasi mimkindiir. -
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Introduction

Fluoride is widely distributed 1in nature and is a
common consituent of most soils and rocks. It occurs
chiefly as flugrapatite. (Ca]on(P04)5,Vf1uprspar'(caF2);
cryolite (Na3AlFg) and in combTnation with silicates as
topaz, tourmaline, the micas etc. In soils fluoride is
mainly derived from these minerals and usually has a con=’
centration on the range of 20 - 500 ppm (Mitchell and.
Edman, 1945., Robinson and Edgington, 1946). Artificially
high soil fluoride levels can occur through contamination
by polluted air, the -addition of phosphate fertilizers,
from organic and inorganic pesticides(Cooke et al, 1976),
or from water-borne fluoride. However, 1ittle is:known

“about the effect of naturally occuring high-fluoride
- water on soil fluoride and subsequent uptake by vegeta-

tion.

. Machle and associates (Mitchell and Edman, 1945) .
found no correlation between the fluoride content of food
plants grown in Arizona and the fluoride content of the |
respective local water supply. MacIntere and coworkers
(1952) concluded : that soil was not an important fluoride
source. for forage crops growing in a flouride-contami-
nated atmosphere 1in Tennessee. It has been shown con-
clusively that the amount of fluoride which is taken up
from the soil by plants is usually unrelated to the fluo-
ride content of the soil (MacIntere, et al, 1942, Prince
et al, 1949, Hurd-Karrer, 1950, Garner, 1963, Manley et
al, 1975, McClenahen, 1976).. Soil type calcium and phos~-
phorus = content, and soil reaction (pH) seem to be .the
predominant factors controlling fluoride availability to
plants. It has. bBeen well demonstrated that only under
very. ~special conditions, such as very acid, sandy soils
low 1in phosphorus and calcium, plant uptake of fluoride
is related to total fluoride content of the soil (Brewer, -

1965, 1966)." Almost {invariably calcium is the dominant

exchangeable cation and precipitative ion in the soils of
arid and  humid areas.” Conversion to calcium ffluoride,
therefore, will be the fate of the other fluoride com-
pourids introduced into the soil by phosphatic fertilizers,
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slags, spray residueg, gaseous and solid emissions from
manufacturing operations, rain water (MacIntere et "al,
1942, Brewer, 1966) and high-fluoride water.

“Brewer (1965) also indicated that presumably the
soluble fluoride content should correlate more closely
with plant uptake, Since solubility {s probably the pri-
mary factor involved, but he also added that corroborat-
ing data are lacking. However, Larsen and Widdowson
(1970) stated that, in any event, the uptake of fluoride
by plants would not be controlled by the concentration of
water-soluble fluoride alone. Although most workers have
found no -relationship between total fluoride in the-soil
and that in the plant, recently Israel (1974) found a
strong correlation between fluoride 1levels 1in surface
soils and in forage near an alumina reduction facility in
Maryland. He explained the good correlation by pointing
out that, because of low availability of soil fluoride a
significant correlation could be expected only if the
soils studied had large variations in their fluoride con-
tent. Vegetation growing in areas free from fluoride
pollution generally contains 10 ppm or less fluoride in
the foliage,. indicating that most plants are poor accumu-
lators of soil fluorides (Hansen et al, 1958, MacIntere
et al, 1949). Notable exceptions include tea leaves,
which have been found to contain, on the average, 50 to
90 ppm of fluoride. Fluoride which is not considered es-
sential for the normal growth of plant, is essential, for
animals. It is concluded that animals obtain their fluo-
ride from the plants which they eat and the water which
. they drink. However, the animals may be detrimentaily

-affected by eating forage containing 50 ppm or less fluo-
ride, or drinking water containing 10 t0 20 ppm of fluo-
ride (Mitchell and.Edmand, 1952, Brewer, 1966). It has
been reported by Oruc (1977) that fluoride levels of some
spring waters, used for drinking and irrigation purposes,
ranged from 6.5 to 12.5 ppm in the eastern Anatolia. The
dental and skeletal fluorosis were observed in the human
beings and livestock around the Tendiirek -volcano (Orugy
1973, 1975, Sendil and Baysu, 1973, Uztopcular, 1975).
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, The purpose of this preliminary study was: a) to de-
termine the effect of naturally occuring high-fluoride
water on the water-soluble fluoride content of soils and
plants, and thus, b) to get some information about the
axtent of fluoride ingestion by the farm animals grazing
in these areas. '

Materials and Methods

High-fluoride spring waters are located around the
Tendiirek volcano, near the Iranian border, in the eastern
Anatolia. Fluoride content of levels of fluoride found
in these waters, which have been in use for both drinking
and irrigation purposes for many years, are considered to
be hazardous to human and livestock health. . =

Table 1. Fluoride Content in ppm of Some Spring
Waters in Dogubayazit District ) :

Location - Fluoride  Location Fluoride
Gokcekaynak  11.7 - Celal - 5.0
Girnevik - 12.5 Kanikork - 9.2
"Altintepe - 12.0 Topgatan T 8.8

5.

Ucgéze ~ ~ 6.5 “Cift]ik'l '

~ " Nine plant and 7 surface soil samples were collected
from different localities.in fluoride-contaminated areas.
Seven plant and 10 surface soil samples obtained from
different uncontaminated areas were used as control. Air
-dry -soil samples.were ground to pass a 425 //sieve. In
the determination of the water-soluble  fluoride content
of soils, it is desirable to extract only that fluoride
which 1is 1ikely to be soluble in the soil solution. -For
this reason 1:1 sgil-to-water extract was used to avoid
that appreciable amounts of relatively insoluble fluoride
compounds 1ike - CaFp are not solubilized (Brewer, 1965). "
pH (1: 2.5 Hp0) values, electrical conductivities (1 :1
" extract) and CaC0O3 percentages (titration) of the soil
samples were also determined. Aerial part of the plants
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were taken as a whole and oven dried at 65 OC for 12
hours;. “and ground, but not sieved. In general, plants

were’ at the stage of flowering, when they were collected. -

One gm ovensfried and milled plant material was placed in
a- 50 ml- centrifuge tube and 20 ml distilled water added.

After shaking for thiee hours in a rotary shaker, samples . . _

were; - centrifuged ~and then filtered. Determination of

fluoride - in-soil and plant extracts were made by using a

specific-ion fluoride electrode (Activion). It works in
amanner similar to the glass electrode for hydrogen ion
determination, the principal difference being replacement

of the glass membrane by a single crystal of lanthanium

fluoride (Larsen and Widdowson, 1970). This electrode is
coupled with a single junction reference electrode and
used with a potentiometer as for PH ~ measurement. The
electrode 1is specifically sensitive to the activity of
ftuoride q{ons the pH range 5-8. To dissociate fluoride
comptexes and stabilize, both standards and samples were
diluted 1:1 with a buffer solution consisting of 57 ml
glacial acetic ‘acid, 58 gm sodium- chloride and 0.3 gm’
sadium citrate per Titre, . adjusted to pH 5.0-5.5 with
NaOH (Frant and Ross, 1968). The fluoride jon activity
electrode was used with the expanding scale. pH meter (EIL

model = 7030) and a mercury-mercurous reference electrode.

A1l solutions were stirred with a magnetic - stirrer and
the electrode potentials were determined after five min-
utes. :

Results and Discussion

The data in table 2 show that water-soluble fluoride

levels of the soil samples collected from fluoride-con- .
- taminated areas are much higher that the soils of control

sites.:It has been reported by Cooke and coworkers (1976)
that water-soluble fluoride levels of the soils collected
from fluorspar mine waste ranged from 1.7 to 9.6 ppm.
Whilst, water-soluble fluoride content of the control
site was reported as being 0.1 ppm. Since the pH values
of soils.are above 7 and in general they contain rather
high amounts of CaCO3, calcium fluoride can be considered
as the form to which water-borne fluoride pass after in-
corporation into the soils (Brewer, 1966). Even though
the formation of relatively insoluble calcium fluoride is -

EI | .
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expected, the results indicate that irrigation of these
soils with high-fluoride waters increased the water-sol-
uble fluoride levels upon time. It has been reported by

Table 2. Water-soluble fluoride, pH, 'electticél“

conductivity and % CaC03 values of the .

\ SO11 samples

Fluoride-contaminated

Erzurum 0.22 -

Location Fluoride 2N
ppm pH Ecx103  CaCO3
Gokcekaynak 7.3 8.70 0.46 - 10.0
Altintepe 16.0 8.25 0.62 11.2
O¢goze 12.8 8.40 0.96 8.4
Ciftlik 1.6 8.30 6.10 2.7
A. Yi1lanlr - 12.0- 9.00 - 0.78 40.6
Topgatan 8.2 9.85 1.60 11.2
Atabakan 13.7 9,70 14,50  12.0
Control Sites
Location Fluoride %
ppm pH Ecx103  CaCO3
Gokcekaynak 0.23 7.90 0.40 9.6 -
Altintepe - 0.54 8.10 - -~ 0.58 20.0
Og¢gdze - 0.05 8.10 ©0.70 6.6
Erzurum’ - 0.06 . 7.25 0.30 “Nil
Erzurum 0.17 8.20 0.38 NiT
~Erzurum : 0.07 7.00 0.32- .. Nil
Atabakan - 0,32 7.95 11.50 20.3
Altintepe = 0.12 8.10 - 0.44 - Nil
Gokcekaynak 0.11 8.10 0.50 43.7
7.90 0.72 Nil

" Oruc, et al, (1975). that the high fluoride waters
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around the Tendiirek volcano are NaHCO, type. The data in
table 2 indicate that pH values and™ electrical conduc-
tivities of the fluoride-contaminated soils are much
higher than the soils of control sites. This can be re-
lated -to.the presence of high amounts of NaHCO3 in high-
f1u0r1de waters.

: Tab]e 3, shows the water-soluble fluoride levels of
plant ~samples ~collected from fluoride-contaminated and
control sites. The date in table 3, indicate that the
fluoride. content of plants grown on contaminated soils
~are much higher than the plants of control sites.

"Table 3. iWater-solub]e f]uoride 1evels of the p]ants

control sites.

F]uorﬁde—contamfnated

Location Species . fluoride
: pPpm
Gokcekaynak  Medicago sativa S 2.41
Altintepe Medicago sativa,
Koeleria cristata, o
o Poa bulbosa 4.66
Ocgbze Glyceria sp. 14,25
Ciftlik Medicago sativa - 2.68
A.Yilanla Medicago sativa : 4,84
Topcatan Medicago sativa 1.85
Atabakan Poa bulbosa, Koeleria
cristata, Salvia sp. 3.27
Ictegel Phragmites sp. 33.60
A.Y1lanlt Puccinella sp. : 4.70
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Control Sites

- .same positions. This can be related to the fact that the
- ' 38 -

Location Species | Fluoride
- ppm
Erzurum Festuca ovina, 1.13

Poa -bulbosa,
“Koeleria cristata

Erzurum Medicago sativa . 0.8 .

Erzurum Medicago sativa - 1.08
- Erzurum - Medicago sativa - 0.57

Karabulak Phragmites sp. -0.90

Erzurum ~ ~ Poa bulbosa. .

' - "~ Koeleria cristata 0.51

Erzurum - - Puccinella 1.10

It i{s expected that water-soluble fluoride levels of
the plants are generally lower than the total-or acid ex-
tractable fluoride values, due to the incomplete ex-
traction of fluoride freom plants with - deionized water
(Jacopsonet,al,1966, Cooke et al 1976). However, water-
soluble fluoride levels of the plants can be used as _an
index by showing the most toxic fluoride form to the farm.
animals. It has been reported by Cooke and coworkers
(1976)that extraction of leaf tissue with water 1ndi-
cated that 1little of the fluoride was present in a

‘readily ionized form suggesting the presence of calcium

magnezium, aluminium or silicate complexes which might be
expected to be less toxic than fluoride {ions. ‘As tox~
icity is wusually greater when fluoride is in a more sol-
uble (e.g sodium fluoride) rather than in a  sparingly
soluble (e.g. calcium fluoride) from (Mitchell and Edman,

' 1952,Eagers, 1969), it is considered that the .water-sol:=

ubTe fluoride fraction of plants can be an . .appropriate
indicator 1in the diagnosis and extent of fluorosis in
Tivestock. : : :

A significant - positive correlation (r = 0.606, p =
0.05) was found between the water-soluble fluoride Tevel
of the soil and plant samples (n = 11) taken from the




soils studied had large variations in their water-sol-
uble fluoride Tlevels. Cooke et al, (1976) reported that
analysis of plants from f]uorspar=contam1nated sites
showed- elevated Tlevels of fluoride in leaves compared
with ‘the normal "range. They also indicated that as with
total - soil fluoride, water-soluble fluoride showed no
correlation with plant concentrations. However, Israel
(1974) found a strong correlation between fluoride levels
in surface soils and in forage near an a]um1na reduction
fac111ty in Mary]and .

. It'is concluded that cont1nuous use of high f1u0r1de
water (6.5 - 12.5 ppm) in irrigation for many years, has
increased the water-soluble fluoride content of soils and
subsequent uptake of the fluoride by the vegetation
grown on these areas. In addition to the high uptake of "
f]uor1de from drinking waters, therefore, livestock graz-
ing in these areas can 1ingest some fluoride from the
soils and p]ants : ‘ ‘ - L
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FLUORIDE CONTENT OF SOME SPRING WATERS
AND FLUORGSIS IN THE EASTERN ANATOLIA

by Professor Nazmi Oruc
Atatlirk University
Faculty of Agriculture
Soil Science Department.

, Erzurum = Turkey
Abstract , ,

Some spring water samples used for drinking and
irrigation purposes were collected from the Eastern
Anatolia, mostly around the Tendiirek Volcano. The fluor-
ide concentrations of the water samples were determined

- by the-colorimetric acid zirconium alizarin method. It

was found that seven spring water samples taken from
Dogubayazit district(north of Tendiirek-volcano)containing
very high amounts of fluoride, ranging from 6.5 to 12.5
ppm. The fluoride concentrations in five water samples
collected from Caldiran area (south of Tendiirek volcano )
ranged  from 2.0 to 7.5 ppm. ‘The water samples  taken
from Sarisu (Siiphan volcano) and Tatvan (Nemrut volcano)
districts contained fluoride, ranging from 0.2 to 0.7 and
from 2.0 to 5.0 ppm, respectively. Except Sarisu samples,
the levels of fluoride found in these water samples  were
considered to be hazardous to the human and stock health.
Dental fluorosis was observed in the Tocal population and
in cattle and sheep, during the survey of the endemic
fluorotic areas, around the Tendiirek volcano. The inves-
tigations carried out by the medical and veterinary re-
searchers. indicated chronic fluoride intoxication in hu-

. man beings and livestock 1in the studied areas. It has

been estimated that - approximately 15 thousand. peopie and

60 thousand Tivestock are being exposed to high fluoride

ingestion around the Tendiirek volcano. Dilution of fluo-
ride-rich waters with other suitable waters down to a
safe Tevel (1.5 ppm) was recommended to prevent the haz-
ardous effects of the fluoride on the human and stock .
health and also to avoid the contamination of the soils
and ‘the pastures in these areas. ~ '
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Abstract in.Turkish (Tiirkce Uzet)

Dogu Anadolu Bolgesinde Bazi Kaynak Sularv, Toprak
Ve Bitki Urneklerinde Fluoriir icerigi ve Bununla
11gili Glarak Fluorir Zehir]gnmesi

Doju Anadolu bdlgesinde Tendiirek volkaninin kuzey
eteklerindeki DoJubayazit ovasinda ve giiney eteklerindeki
- Caldiran ovasihda icme ve sulamada kullanilan bazi kaynak
sularinda yapilan fluoriir ‘analizi sonucunda DoJubayazit
yoresindeki sularin litrede miligram olarak 6.5 ile 12.5
arasinda; Caldiran ydresindeki sularin ise litrede mili-
gram olarak 2.0 ile 7.5 arasinda fluorir icerdikleri sap-
tahmistir. Bulunan bu dederler literatiirde insan ve hay-
- vanlar i¢in zehirli olarak belirlenen seviyelerin Ustiin-
dedir. Bolgede tip ve veteriner uzmanlarinca yapilan ¢a-
lismalarda.” insan ve ‘hayvanlarda dis ve iskelet florozu
tespit edilmistir. 1Icme suyu veya diger yollarla; 0Ozel-
1ikle kemiklerin tesekkiili - devresinde insan ve hayvanla-
rin biinyelerine yiiksek seviyede ve devaml1 olarak fluorir
alinmas1 halinde i1k planda kesici dislerin On ylizeyinde
sari-kahverengi lekeler meydana gelmektedir.  Dislerdeki
as1iri derecede asinma ve kirilmalar dolayisiyla sigir ve
koyunlar normal olarak beslenememekte ve bu nedenle yoOre
halk1 biiylik ekonomik kayba ugramaktadir. Insanlarda ise
orta yaslari takiben iskelet sisteminde ortaya ¢ikan
anormaliikler nedeniyle omurga ve eklem' hareketleri cok-
giiclesmekte. ve biiylk ac1 vermektedir. Bolgede 15 bin
dolayinda insan ve ' 60 bin dolayinda biiyiik ve kiiciikbas
hayvan bu sulari kullanmak, icmek veya bu sularla sulanan
tarla ve cayirlarda yetisen bitkileri yemek mecburiyetin-
dedir. Fluoriirli sularin kullanildig: tarla ve cayirlar-
dan alinan ¢esitli toprak ve bitki Orneklerindeki fluorir
seviyesinin, kontrol olarak alinan toprak ve bitkilerin
fluoriir seviyelerinden ¢ok daha fazla oldugu-tesbit edil-
mistir. Bu durumda bolgedeki ¢iftlik hayvanlarinmin icme
suyundaki fluoriire ildveten, toprak ve bitkiler araciligi
ile bir miktar daha fluoriir almalart ve dis ve iskelet
florozuna yol acan - zehirli fluoriir seviyesinin artmasi
mimkiindiir. ' : '
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Uneriler

1) Bolge halkina ve tek gecim kaynagi olan ciftlik
hayvanlarina en kisa zamanda Balik Gdliinden veya diger
kaynaklardan fluoriirsiiz su saglanmalidir. 2) Dogubayazit
ilce - merkezine su sagliyan Topcatan pompasinda aktive
aluminyum veya iyon dedistirici rezinler arac111§1 ile
fluoriiriin uzaklastiriImas1 mimkiindiir, 3) Yiiksek seviyede
fluorir ile bulasmis .tarla ve cayirlar arac111§1 ile hay-
-vanlarin fluoriir almalarinin onlenmesi icin fluoriirli su~
Tarin - temiz sularla karistirilarak fluoriir seviyesinin
dusiiriilmesi gerekmektedir. ‘
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Introduction

Origins of fluoride 1in waters : Fluoride is widely.
distributed 1in a combined form in several naturally oc-
curring minerals including fluorite (Can), cryolite,
(A1F3, 3NaF), topaz, tourmaline, the micas, etc., in
which it is found in combination with silicates, but par-
ticularly in association with phosphorus as fluoroapatite
(Cag(PO ) F). It wss estimated that the element fluoride
in the %orm of fluorides constitutes about 0.032% of the.
earth’s crust (Mitchell and Edman, 1945, Garner, 1963,
Brewer, 1966). Because of the wide interest in the re-
lationships of fluorides to general health, an extensive
literature is available on the distribution of fluoride-
containing waters (Fluorides and Human Health, 1970).
Except in unusual circumstances, surface waters are gen-
erally low in fluoride, the ievels being below 1 ppm. On
the other hand underground and subsoil waters may have
greater opportunity to contact fluoride bearing materials
so that these waters may contain appreciable amounts of
fluoride depending on geological conditions. These
waters containing higher concentrations &f fluoride are
generally obtained from deep wells, and the fluoride
seems to originate, not from leachings from surface zones
but from deep-seated- rock formations where the gaseous
exhaltations have been retained under pressure and are.
commonly regarded as of pneumatolytic origin (MacIntere, :
et al 1942, M1tche1] and Edman, 1952).

Effects of f]uoride on human health : The principal
sources of supply of fluoride available to the physiology
of man are: (1) Water, (2) Some species of vegetation,
(3) Certain edible marine animals, (4) Dusts in certain
parts of the world, (5) Certain industrial processes. It
has been well estab11shed that where fluoride occurs in
abgormal amounts in the water or soil, a chronic endemic
fluorosis is 1ikely to exist, the most obvious sign of
which are characteristic changes in the teeth of local
population. On the basis of the clinical appearance of -
the teeth, the term "mottled enamel" was introduced and
mottled teeth are characterized by minute white flecks
yvellow or brown spot areas scattered irregularly over the
tooth surface. The permanent teeth are particularly af-
fected, although occasional mottling of the primary teeth

46




may also be observeéd. The chronic toxic effects of fluo-
ride on the skeleton system have been described from cer-
tain geographical reg1ons of the world where drinking
water . contains excessive quantities of natural fluoride
(Eagers, 1969. Fluorides and Human Health, 1970). Den-
tal fluorosis in the local people of Isparta was first
reported by Ata.(1966). And it was. related to the dr1nk—
“ing water conta1n1ng 4.03 ,ppm fluoride.

The relat1onsh1p between the concentrat1ons or doses

of fluoride ~and. its biological

effects is indicated in

the table:1 (F]uomdes and Human Health, 1970). F 22 C- 226

Table 1. Relationship between the concentrat1on§'

or doses of fluoride and its biological

effects
Concentration or
dose of fluoride Medium Effect
2 parts per. 1000 million Air Injury to vege-
A tation '

Urine

_Water

Water

Water

Dental caries
reduction

Mdtt]ed enamel
No osteoscle~
rosis

.IOA-osteoscle—

rosis

'120¥89ﬁm§fﬂéy or more Water or air Cr1pp]1ng f]uo—
RS ‘ ' r051s

50 ppm. f Food & water Thyroid changes

100 ppm -, Food &lwatér Growth retarda—
S oos 0 tion :

More than 125 ppm Food & water K1dney'changes

2.5 -5.0 gm. Acute dose Death
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These Tevels are based on the USA and European ex-
periences, However, the variations {in the climatic, nu-
tritional and environmental conditions greatly influence
the effect of fluoride in drinking water. In the USA
manifest mottling 1is reported to be associated with at
least 3 to 4 ppm fluoride - a level at which many workers
in India have recorded cases of skeletal fluorosis. ‘Each
country should, therefore, make its own assessment of the
permissible concentrat1on of fluoride in its water sup—.
lies.

Effects of fluorides on animals : Various sources
may contribute to the total fluoride intake of animals.
The most commonly encountered sources of excessive fluo-
rides are : (1) High fluoride water from natural or in-
dustrial sources, (2) Forages subjected to airborne con-
tamination in areas near certain industrial operations,
(3) Feed supplements and mineral mixtures containing ex-
cessive fluoride, (4) Vegetation growing in soils high in
fluoride, and (5) A combination of any or all of the pre-
ceding four. The most sensitive clinical index of fluo-
ride absorption in the mottling, staining and 'excessive
wearing of permanent leeth that were forming at the time
of the fluoride ingestion, Teeth that had matured before
the time of fluoride absorption,are not affected. At a
more advanced stage of fluorosis, a distinctive bilateral
lameness and stiffness of gait may be observed (Hobbs,
et al 1954, Garner, 1963, Eager, 1969, Shupe and Olson,
1971, Jones, 1977).

Drinking water may contribute significantly to the
fluoride hazard if the fluoride content attains levels of
several parts per million. -Chronic endemic dental fluo-
rosis has been observed in sheep and cattle who drank
waters containing 10 to 20 ppm of f]uor1de (Mitchell and
Edmand, 1952, Bear 1957). X

F1uor1de'content of some spring waters and fluoro-
sis : After receiving a Tetter from the headman of Gokce-
kaynak village, one of the most ser1ously affected vil-
lages in the endemic fluorotic area in Dogubayazit dist-
rict, at eastern Anatolia, near the Iranian border, the
researchers from Atatiirk University began to study on
this problem in March, 1972. 1In his letter to the Uni-
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versity the headman, Mr. Abdiilkadir 11han indicated the.
symptoms of dental fluorosis in the local population and
1ivestock drinking water from the stream flowing near the
village. Eighteen water samples, mostly from the areas
~around the Tendiirek volcano, were collected during the
survey of the endemic fluorotic areas. The fluoride con-
centrations of the water samples were determined by the
colorimetric acid zirconium alizarin method (Yenal,1970).
It--has ~been estimated that approximately 15 thousand
peop]e and 60 thousand 1ivestock have been drinking these
spring waters, around the Tendiirek volcano. The results
of.the__f]uoride “analysis of the water samples are given
in table 2. It shows that seven spring water samples
taken from Dogubayazit district (north of Tendiirek vol-
cano) are containing excessive amounts of fluoride, rang-
ing from 6.5 to 12.5 ppm. The fluoride concentrations “in
five water samples collected from Caldiran district{south
of Tendiirek volcano) are ranging from 2.0 to 7.5 ppm.
Whereas the water samples collected from Sarisu (Siiphan
volcano) and Tatvan (Nemrut volcano) districts are having
fluoride levels, ranging from 0.2 to 0.7 and, from 2.0 to
5.0 ppm, respectively. It has been reported in the study
of hydrogeology of the spring waters with high fluoride
content from the surroundings of Tendiirek volcano, that ;
high fluoride waters are NaHCO3 type, and low - fiuoride
waters are Ca-MgHCO3 type. Fluoride which might be trans-.
ported by fumeroles or escaped from .devitrified lavas,
could be held on the surface of some minerals and then
exchanged with OH of underground waters with high pH.. At
the end of this hypothetic process these waters might be
discharged as high-fluoride water at- the foothills of
Tendiirek vdlcano, (Orug et al, 1975).

The results in table 1. indicate that some of the
_spring waters used for drinking and 1irrigation purposes
around the Tendirek volcano contain very high amounts of
fluoride to be toxic to the human beings and animals. It
has been reported that 1in many parts of the world,
chronic fluoride intoxication in human and animals can
result from endemic exposure usually to drinking water
containing excess of fluoride (Eagers, 1969, Fluoride and
Human Health, 1970). In addition to the dental fluorosis
in the local population the occurance of mottling, stain-
ing’ and excessive wearling of permanent teeth of the
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Table 2. Fluoride contént of some spring waters
' in the Eastern Anatolia

Location " Fluoride Location  Fluoride
' ppm . Ppm
DoGubayazit ‘ Caldiran District .
AGbkcekaynak Kaynagr 11.7 Asagimutlu Koyl 7.5
Girnevik Kaynagi 12.5 Alkaya Koyi 5.0
Celdl Koyii(Bataklik): 5.0  Soguksu Deresi - 2.5
Kanikork(Dogubayazit | S ,
Icmesuyu tesisleri) 9.2  Alakaya Demircik Mah.2.5
Topcatan Kaynagi 8.0 Bendimah1hcay1 3.2
O¢gdze KByUTKayna§1,‘ 6.5 Mutlu Koyl . . 4.§X
Altintepe Kaynagi  12.0  Tursik Sazligi 1.9%.
Stiphan Sarisu : -Nemrut,Tatvan A |
District District :
Kdseler Koyl 0.7 Nemrut crater(100C) 5.0
Caputlu Koyl 0.5 Nemrut crater(4°) 5.0
Sarisu Bucag 0.2 Tatvan Kiyidiizi 2.0

Ucgbze Kaynagi 6. 5XX

x Oruc et al (1975).
XX Girgin (1975).

cattle and the sheep was observed during the investiga-
tion of the endemic areas, around the Tendiirek volcano
(Oruc, -1976). Aysan and Aksoy ~(Orug, 1972) reported the
fluorosis in Tivestock at Dogubayazit. Leloglu - (1975)
also indicated the fluorosis in cattle and sheep in some

. of the villages in Dogubayazit. HMottled enamel in the
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-local population from an .endemic fluorosis area in
Dogubayazit, has been reported by various investigators
(Baydas, 1972, Giilhan and Mermutlu, 1973, Orug, 1973,
Oktay, 1975). It was associated with the _excessive
amounts . of fluoride in drinking waters used in these
areas. Jendil and Baysu (1973) reported dental stains
and abrasions and intermittent lameness in sheep, cattle,
water - buffaloes and some horses in the villages of
Muradiye-Van and Dojubayazit-Agri. They also indicated
that "similar disorders including mottling, staining and
abrasions, arthrosis of joints and stiffness in walking
were observed in human beings from the same areas". They
reported that "the measured fluorine concentrations in
seven water.samples obtained from Muradiye-Van ranged
from 5.70 - 15.20 mg/1t., and six water samples from
Dogubayazit-Agri, were 10.26 - 12.54 mgclt.™.

The chronic toxic effects of fluoride on the skel-
etal system have been described from certain geographical
regions of the world where drinking water contains ex-
cessive quantities of natural fluoride. This form of
chronic intoxication was first described in India from
the state of Madras as early as 1937, (Fluorides and
Human Health). Uztopgular (1975) has been extensively
studying on the chronic toxic effects of fluoride on the
skeletal system. He indicated that quite distinctive and
characteristic bone changes arnd skeletal abnormalities
have developed in some of the local people in Dogubayazit
district. -

Recommendations

1) Defluoridation of the water is possible by adding
some chemicals such as CaClp, AICl3 etc. which make
rather insoluble complexes with fluoride, or by passing
the high fluoride containing water through an anion ex~
~ changer, such as alumina treated with HC1 (Girgin, 1975).
But under the prevailing social and economical conditions,
it seems quite difficult to establish such a system and
espcially to maintain it running properly. _

2) A good quality water should be suPp1ied,fdf the
human beings and 1ivestock, as soon as possible.

3) If-economical?y feasible, diTutjon of fluoride=
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rich spring waters with other suitable waters down to a
safe level (1.5 ppm) 1is recommended to prevent the haz--
ardous effects of fluoride on human and stock health and -
also to avoid the contamination of the soils and the pas- -
tures. , Co
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" EFFECT OF HIGH FLUORIDE CONTAINING DRINKING WATER
ON SKELETAL AND DENTAL AGE

by Dr. Cengiz Oktay ‘
Associate Professor 1n.
Dentistry
Atatiirk University
Erzurum - Turkey

Introduction

Fluorides have benn used in the prevention of den-
tal caries in U.S.A. and in some western countries. Flu-
orides seem to have positive effect in preventive dentis-
try, if it 1is applied systematically in the development
stages of teeth. The accepted optimal dosage for sys-
temic application dis in between, 1-1.5 ppm., in another
word, 1 mgm per 1liter. If applied in optimal doses, it
does not have any undesirable effect either on teeth or
on bones. However, if it is exceeded for a long period
of time, then .one may expect certain changes in ‘dental
and skeletal tissues. Skeletal changes may also ~.give
‘rise to concomitant neurological signs. This aspect of

the problem will be discussed by Dr. Uztopcular, in de-
tatl. .

The aim of this study is to find out the difference
between dental -age and skeletal age, among the children
between the ages 3 - 14, if there is any.

The first serious research work related with fluoro-
sis  had been, " presented in Turkey, by Atal In the
province of Isparta, which is situated in the south-west
of Turkey, drinking water ?f a certain area contains flu-
oride upto 4.03 ppm. Ata 1)is the=first research worker
who points out the relevant dental problems related with
the high fluoride content of drinking water in Turkey.

Another Turkish research-worker Usmenﬁz), in a field
study, - related with D.M.F. values 1in the villages of
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Ankara among-the children in elementary schools, found
that the fluoride contents of drinking waters are not
higher than 0.6, ppm. As you may well visualize this
level is below the optimal.

- ﬁﬁThéh;énd,Mermut]u(3)a1so in a field study in Dogu-
bayazit.tried to correlate D.M.F. rates with the fluoride

_ content-of drinking water and found the level as high as
SWppma i

. 0ruc(®); in his evaluations found varying levels of

~fluorides in drinking waters of Dogubayazit region, the

values vary from 6.5 ppm upto 12.5 ppm. After this
brief introduction, I would 1ike to present some relevant

~ data related with this particular problem.

Fluoride 1is the most electronegative element of..
whole “elements. Since it is the most electronegative
element, it s found 1in the form of compounds on the
earth surface. Fluoride compounds are mostly found in
inorganic forms, however, organic fluoride compounds are’
not rare. v ‘

There are various ways through which we take flu-
orides, such as drinking water, eating plants and marine
products and inhalation. The detrimental effect of fluo-
rides is in most of the cases through drinking water. In
the development stages, fluorides taken in high - dosages -
deteriorate the dental and skeletal structures, forming
fluoro-apatites in the mineralization phase of teeth and
bones. The effect of fluorides 1is seen not 1in primary
dentition, but in permanent dentition. So, the result is
a typical browny appearence of permanent ‘dentition: par-
ticularly in the areas taking ultraviolet rays. The ap-
pearance of the teeth seems to be hypoplastic. However,
most of the teeth are caries free and D.M.F. values seem
to be 1?s§ than the values of normal population(Mermutlu,
Giithan)(3), - |

The long term’usage_of high fluorides thrbugh drink-
ing water has' multiple effect on human health. In ex-
treme cases, bone and joint -deformities and some neuro-

pathological symptoms can be obserVed.Vﬁ i

Fluorides are " absorbed through gastro-intestinaf—
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tract. 80 percent of the fluorides taken orally are be-
ing absorbed through this route, compounds such as cal-
cium fluoride and cryolite are absorbed on the level of
60 percent. It is a common belief that fluorides are ab-
sorbed by means of simple diffusion. If elements such as:
aluminium and magnesium are found. together with fluorides
in G.I. tract, then the absorbtion of fluorides :decredse.
"and accordingly these elements make compounds with -fluo~
rides which are less soluble. Fluorides may also be. ‘ab-
sorbed through respiratory tract. The absorbtion  rate
through this route seems to be faster than the G.I.tract.
This type of inhalation hazards are seen particularly in
the industrial areas where the air pollution is high.. . _.

It is particularly important to know . where the ab-
sorbed -, fluorides are accumulated in the organism.
Nickles€5) is the first research worker finding that the
animal blood contains fluorides, Tamman(6)4in 1888, showed
that egg yolk, calf's brain and milk had contained fluo-
rides. , : .

Brandl and Tappeiner(7) applied sodium fluorides to
a dog on the level of 0.1-1 gram daily for 21 months, at
the end of this period, they found that the blood of the
dog contained 0.14 equivalent gram, the musculature 1.84
equivalent -gram and the liver of the animal 0.51 equi-
valent gram sodium fluoride. The accumulated amounts
corresponded to 93,690 and 161 ppm fluoride in  these
tissues respectively. , :

Foday, plasma is being accepted the most reliable
tissue fluid in the determination of fluoride content of
tissues. The fluoride content of crytrocytes and plasma
show an unbalanced distribution. If volume is considered,
erytrocytes contain 40-50 percent fluoride, in compari%09
to the plasma. However, Carlson, Armstrong-and Singer 8
have showed that plasma contains 75.percent of fluorides
of the whole blood. When hemocryt values change, the
fluoride contents also change accordingly. However, in
these situations plasma fluoride contents seem to be
relatively stable. These three research workers believe
that "a regulation mechanism functions  through the dilu-
tion - of the resorbed fluorides with a large volume of
extracellular fluid, through excretion and through bind-
- to the osseous tissues forming fluoro-apatites.
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- mins of the plasma. Taves

Singek and Armstrong(Q) in their‘research' wdrk,reé

~lated with plasma content of fluorides have concluded

that the 'plasma content of fluorides ranged in between
0.14 - 0.19 ppm in communities where the drinking waters
contain 0.15 - 2.5 ppm = fluoride, however,in communities

~where the ‘drinking water contains 5.4 ppm fluorides, the
- plasma values has been found 0.26 ppm. These values in-

dicate that the control mechanism described above, is ef-
fective ‘to a certain level of fluoride. After a certain
point, - this mechanism seéems to be uneffective. The
values given above depend upon total fluoride content of
the plasma.  Most of the_f]zorgdes’are bound to the albu-

t 10) has demonstrated that a
small amount was found in the ion-phase and in physiolo-
gic reactions these unbounded ijons played an important

~role and were bound to calcium phosphate in the bones to

form fluoro-apatities. Various research workers have
showed - that the 15 - 20 percent of the total fluorzdes
were bound to the calcified tissues of the organism >

12).

. Fluorides show a specific affinity to the osseous
and dental tissues. The retention of fluorides in these

‘tissues depend upon the amount of water taken daily, dur-

ation seems also to be an important factor in the reten-
tion process of fluorides. On tissue Tlevel, fluoride
content of tissues varies from one person to another.
Also fluoride contents of dental - tissues vary, even if

the dental tissue looks Tike a homogen typ?13)This point
has been shown by Weidmann and Weatherell , as far as

we know, certain communities in India use drinking water
up to a fluoride level of 20 ppm.In Turkey,in the Isparta
region  and DoJubayazit regions, there are communities
drinking high fluoride containing water upto 13 ppm.

Climate seems also to be an effective factor in these

ticular regions. During warm periods, daily water. in-

-take also- 1increases, accordingly, fluoride retention of

the skeletal and dental tissues vary.

Zipkin(]4), has shown that there is a Tinear rela-
tionship between the amount of drinking water containing
high fluoride Tlevel and the vretention of fluoride by
skeletal and dental tissues. Foods binding fluorides
interfere - with the absorbtion of fluorides through. the
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gastro-intestinal tract, particularly, foods containing
high level of calcium and magnesium interfere to the ab-
sorbtion. Fluorides bound with these elements are ellm-
inated with stool.

Largent{15) has also demonstrated that fluorides
‘taken between the ranges 1 - 20 ppm, are retained on‘ 50
percent level 1in skeletal and dental tissues. The rest:
of the fluorides taken are eliminated through urinany eX=_ .
. cretion and stool. According to Largent, retention of
fluorides in blood and in soft tissues doesn't take place
for a Tong period of time. However, it may be possible
to detect some retention in ectopic pockets. ~Exluding
these unimportant retention areas, we may conclude that
the retention of fluorides occur so]e]y in skeletal and
dental tissues.

Binding of fluorides to skeletal and dental tissues.

In in ‘;go studies, it has been shown by‘Neumann(]s)
“and et al that fluorides in ionic phase interchange
with b}casbonate groubs on the crystal surfaces of bones.

Schein{18) has found that the binding of fluoride to the
crystal surfaces of bones and dental tissues was highly
_ correlated to the PH of the medium. The same research
worker  claims - that there is an analoguous competition
between hydroxyl groups of hydroxy-apatite crystals and
fluoride ions. Schein in an invitro study has also shown
that the binding capacity of enamel depended upon PH,
fluoride concentration and the treatment duration in the

medium. -

Neumann and Neumann(16) have developed a model ex-
p1a1n1ng how fluoride bound to apat1te-crysta1 Accord-
ing to these research workers, in the first stage, fluo-
ride ions enter the medium enveloping the crystalite,
either through an 1ion exchange or through an exchange
with a polarized molecule taking place in the medium. Inn
the second stage, a heteroionic exchange takes place bet-
ween fluoride ions, bicarbonate and hydroxyl groups ion
the  bone and enamel surfaces. Iso-ionic exchange also
takes place between the fluoride ions in the medium and
fTuorides b?und previously to the crystal surfaces.
Brudewald(19 in 1962, has also shown that on enamel sur-
faces an isoionic exchange of fluorides penetrate to the
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empty areas within the crystal; this corresponds to the
remineralization stage. The ratio of calcium and phos-
phate in hydroxy-apatite crystal seems to be not effected
by the entrance of fluoride ions exchanging with hydroxyl
groups. . However, 1in. animal experiments Zipkin(]4 s
Neumann.and;Neumann(15) have shown that citrate level de-

~creased - down to 40 percent by the introduction of fluo-
rides. -This ~decrease seems to be related with the
binding. of fluorides to the crystal surfaces. It is the

opinion of these researchers that the decrease occurs -as
a result of an " inhibition of citrate binding capacity of
the crystals in a medium containing high concentration of
fluoride ions. This inhibition may be a result of enzyme
inactivity occuring through fluoride ions. ‘ ’

The binding potential of skeletal and dental tissues
is highest particularly, in the developmental stages of
these tissues. After that time, the capacity decreases
significantly. ' ’ '

Bauer, Carlson and Linguist(zo) with phosphate 32
and calcium 45 radioactive elements have demonstrated
that binding capacity of the newforming crystals seems to
be higher than the remineralization of crystals which
have previously formed up. In the formative stages, the
fluoride binding capacity of newly formed apatite crys-
tals and remineralization capacity(ion exchange capacity)
seem to be at a highest level. It is for this reason
that fluoride retention 1is at the highest Tevel in the
development stages of bones and ' dental ti?su?s,, This
point has ?559 shown by Zipkin(14),‘McC1ure 21 s Philips
and Suttie in animal experiments. The same research
workers have also shown . that the fluoride binding ca-
pacity decreases later. Spongiose and compact bones iggy
also different fluoride binding capacities. Parkinson\¢

~in 1955, in animal -experiments with F 18 has shown that

fluoride retention capacity of spongiose bones was higher
than-the compact bones. o ' , -

The binding- of fluoride to dental tissues resembles
more or less the osseous tissues. However, there are
certain aspects which differ from bones. . Remodelling
process taking place in bones is lacking in enamel, since
this tissue completes its cellular activity after a cer-

- 6l



tain period of time. In addition to this poant mature
dentin and enamel show a great resistance to jor -exchange
which bone tissue does not show. This may be explained
through ion exchange dynamics, in experiments with radio-
active isotopes, it has been shown that the ion exchange
ratio between bone and dental tissues was 6 to 1, for
this reason, ion exchange after the maturation in dental
tissues is less than the skeletal tissues.  This holds
true for fluoride exchange in dental tissues. This p01nt
is very 1mportant in_the explanation of our f1nd1ngs in
the comparison of dental age and ske]eta] age.

As I mentioned previously, the fluoride binding ca-
pacity is highly corre]ated with the developmental stages,
Wallace and Durbin{2 in an animal experiment have shown
that the fluoride retention of the rat molars was less-
than the dincisors which show continuous regeneration.
On the other hand, in the formative stages, these teeth
do not show difference in terms of fluoride retention.
These findings ‘indicate -once more that fluoride binding
capacity of the dental t1ssues s related w1th the devel-
.opmental stages.

If we th1nk about the t1m1ng, in terms of the fluo-
ridation. The best period seems to be the developmenta]
periods of teeth,.1n terms of the car1es preventlon

F1uor1de retent1on poss1b1y takes place in three
staoes in teeth ‘ : o

: The f1rst stage which corresponds the organic matrix
formation. Fluorides are found as fon 1in the media en-
ve]op1ng the matr1x which has already been formed

- The second stage correSponds to the calcification
period, ‘at this stage, fluoride ions are ‘bound to newly
formed calcified areas. At the third stage, calcifica-
tion has already been completed, fluoride binding ' takes
place solely on the marginal areas. Fluoride retention
on enamel seems to be at a highest point -at the surfaces,

“the inner parts of the enamel holds less fluoride, this
may be explained by donic penetrance of the fluoride
which seems to be less capable to penetrate deep .}ngo
‘the enamel. According to Weatherell and Hargreaves

-the fluoride distribution of ‘enamel ‘is as shown in the
following graphic: '62-
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—The f1u0r1de retention in dent1n is twice -that of

‘the enamel and the binding capacity is also higher in

developmental period of dentin than the mature dentin,
The fluoride binding capacity of dentin is on the highest
level ‘at the calcification period, this capacity is par-

ticularly hlgher where the odontoblastic act1v1ty is ut-
~most. - This is why, fluoride retention capacity is higher

in a new]y formed secondary dentin than the prlmary den-

tin which has already been matured. Cementum . shows

higher fluoride retention capacity 1in- camparison to

dentin. This higher retention capacity may be due to the
thickness difference of these two tissues and concominant

easiness of ion penetration to the cementum. -
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Flour retention and the blood sﬁpp]y'

There seems to be a high correlation between the
blood supply of skeletal tissue and’ fluoride retention.
In a series og research work completed by Volker, Bibby
Aan_d_Sognaes(z6 , fluoride binding capacity-of maxilla has
been found higher than thaft the long bones such as femur.
These research workers attribute this difference to -the
blood supply of the bones. According to them, - where
the blood supply is higher, there, retention occurs at a
high level. Experiments in animals with F 18 have showed.
that mandibula, epephysis and diaphisis of bones have
significantly high level of fluorides, compared ?523 the
other bones and metaphysis. Wallace and Durbin at-
tribute this high level of fluoride retention capability
directly to the vascularization. This 1s why, the sub-
periostal areas of bones ?hoy higher fluoride retention.
According to Weatherel1(25) mandibular exestoses ~ show
high fluoride content in comparison to the other parts of:

the same bone. .

Fluoride retention of the dental tissues - has been
evaluated . by varngﬁ ‘research workers. According -to
McClure and Likins fluoride content of mature dentin
of persons taking 0.1 ppm fluoride, fluoride level is 332
ppm. In persons taking 7.6 ppm this level jumps upto
1968, ppm. - a

Jackson and Weidmann(27) in series of research work
‘have concluded that persons drinking water with different.
level of fluoride content showed different level of fluo-
ride retention in the dentin of their teeth. According
to their findings, there seems to be a linear relation-
ship between the fluoride content of dentin and the fiuo-
ride Tevel of the drinking water. Fluoride retention in
enamel is particularly high in the period of amelogenesis,
as soon as amelogenesis 1is completed, a ..satiation to
fluoride becomes apparent. This holds true for the bo?es
as. the maturation takes place. Suttie and Philips 22)
have shown that satiation could be reached quickly when
high dosage of fluorides was applied to the animals = such
as 500 ppm. The satiation occurs first in the marginal
areas of bones and enamel. One may raise the question if
fluoridation ceases when that happens, -Savchuck and
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Armstrong(28) in animal experiments have showed that
after the cessation of fluoridation within 40 days 10-15
percent of fluoride were eliminated. However, after this
time, eliminations stopped. McCann and Bullock(29) have
also shown that fluoride elimination was minimal even if
fluoridation was ceased.

Fluoride, calcium and phosphorus

- Various research workers have shown that there
seemed to be close relationships among these elements.

The distribution of fluorides shows a close relation to
the distribution of calcium. Armstrong, Carlson et;al(8
are in the opinion that calcium may have a role in the
binding of fluoride with plasma proteins. Calcium inter-
feres with fluoride absorption by establishing calcium
fluorides. In this way, therr?anism is protected from
the hazardous effect of fluoride(30,31 S

Under normal circumstances or in slight calcium de-.

ficiencies, fluoride intake from 7-14 mgm ?ggTs'to have

no deleterious effect on the calcium balance

Fluorides nowadays has been found to be an effective

‘means for the treatment of osteoporo?ggj it seems to have

a positive effect on calcium balance
excessive dosages,

when applied in

In the last trimester of the pregnancy the serum
fluoride level shows a drastic decrease. This can be at-
tributed to the mineralization process occuring in fetus.
As we mentioned above where ‘the calcification is high,
there, f]uorid? yetention is also found to be high.
Gedalia et al(34) if fluorides are taken within physio-
Tlogical 1imits, they do not have any effect either on

‘serum calcium or phosphate level. - This is a]s?3§$ue for

the salivary secretion, (Knappwost—Tochtermann)

Phosphates seem to have positive‘?ff?ct on the ab-
sorption of fluorides, Bixler Muhler{36) are in ‘the
opinion that this effect is a reverse effect of phos=
phates to calcium which inhibits the absorption.

On enzyme 1level, animals showing intense fluorosis
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serum alkalen phosphates activi%§ diminishes signifi-
cantly Riektniece, Myers et al 7). As is Well known
alkalen phosphatase is a magnesium dependent enzyme and
-in bone - tissue it is also an indicator of osteoblastic
activity. -Fluoride may possibly interfere with the ab-
sorption of magnesium by establishing insoluble compounds .
in the intestines and by this way a magnesium deficiency

may arise. ' e o

It is also quite important to review some aspects:of
collagen biosynthesis in, _chronic® fluoride intoxication.
-Zipkin, Whedan and,Peck(38),have shown that the collagen
biosynthesis in the calvaries of the rats had been sig-
nificantly depressed in animals drinking 10 ppm fluoride
for 10 months. ~This depression was.:apparent.on tissue
level. In vitro bone culture studies with fluorides, ap-
plication of 10 - 20 ppm fluoride to the media cause an
enormous depression in collagen biosynthesis which can be
demonstrated through C 14-Proline binding.

. Golub, Glimcher, Go1dhaber(39) et al have also. shown:
that even if in the media less than 0.2 ppm fluoride was
found, ‘collagen break down also occured. A o

In the tissue fluids fluoride content is 0.1-0.2 ppm
and in soft tissues the fluoride concentration is ap-
proximately 1 ppm. In fluorosis these figures will defi-
nitely be increased and collagen break down will accord-
ingly change.

In fluorotic cases ro?nt?enological studies have
also been done. Schlesinger(40) et al have taken X-rays
from the children drinking 1.2 ppm fluoride. At this
level, they could not find any pahtological change either
on bone age or on bone density in comparison: to the con-
trol groups. McCauley and McClure(#!) in terms of - bone
age also were unable to find any difference between the
control group and the group which consisted of the child-
ren from 7 years of age upto 14 years of age, drinking
water with a fluoride content of 6.2 ppm. According to
these research workers, -carpal index values show no dif-
ference between the control group and the- group 1n ques- -
tion. - : : : ' :

In addition to these findings Geever(42), Morris,
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vStevenson and Watson(44) have found that bone dens1ty

doesn't change upto 4 ppm of fluoride intake, however,
above thlS Ievel they found changes in bone tissues.

From the dental standpoint Z1pk1n(14) in his evalua-

gt1ons were unable to * find extreme cases of malocclusions
“and periodontal pathology in comparison . to the -control
“groups, °

Here I wou1d Tike to ‘summarize some of the f1nd1ngs

.of other research workers, -

i H1gh level of fluoride intake for long durations
yields to an hypoplastic appearance of the enamel which
we call -"mottled enamel"., Appearance of mottled enamel
may also be influenced by other factors which are di-
rectly related with nutrition. , :

. 2. In severe cases of fluorosis, appearance of the
enamel 1is typ1ca11y hypop]ast1c, cont1nu1ty of the ename]
is d1sturbed :

3. The outer 1/3 of the teeth show1ng mott]ed ap-

‘pearance is hypocalcified and shows less .radio density

than normal teeth. These areas are Tess acid : soluble
and show high penetrance to dyes.

4. In animal experiments, it has been shown that the
application of h1gh dosage of fluorides with drinking
water, resulted 1in morphological changes in teeth par-.
ticularly on the fusion lines of the enamel. )

5. Histo]ogica]]y in -enamel, ameloblasts show some
sort of disturbances which “are manifested with the re-

tardations both in apposition and mineralization.

6. There seems to be a high corre}ation-between
fluoride intake and calcium and phosphorus intakes, car-
dinal symptoms of fluorosis seem to be allievated with
the app]1cat1on of calcium and phosphorus in comb1nat1on.

7. Chem1ca1 ana]ys1s of the mott]ed enamel has. shown
that even 1if the organic.content ‘of the enamel shows a -
relative increase,in comparison to the calcified enamel,

~—ca1c1um‘and phosphate ratio stays unchanged.
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- In our research it is of - prime importance to con-
sider the malnutrition which directly effects the skel-
etal age. ‘ ‘ ' : e

At present, there are a couple of methods in the de-
termination of malnutrition. Gomez(45) has classified
malnutritions in three categories 1in which the first:
group corresponds to latent malnutrition and the third
group corresponds to severe malnutrition.- Oneof - the
methods of determination of malnutrition is through the:
ratio of hydroxyproline and creatinin in urine, the ratio
is multiplied with height and weight of the children,
This is a h}ﬂh}y precise method for the evaluation of
malnutrition!#0), Another method particularly valid in
children upto the age of seven years is, the circumfer-
ential measurement of the arm and the head of the child-
ren. The ratio of these two measurements, yields to
high1x precise criteria in the evaluation of malnutri-
tion(47) - ’

- -

Material and method applied in the research

The research has been completed with 60 girls and 69
boys 1in Dogubayazit region where fluoride content of
drinking water is upto 13 ppm. The age range 1is between
3-14 years of age. We were unable to determine the ac-
tual chronolodical ages_ of these children,because:of so-
cio-cultural problems. These people experience routine X
ray of the right hand wrist and lateral mandibular radio-
graphic view of each child - is taken. For this purpose
we used S.K.-150 teleradiographic units In order to
avoid the superposition of the dental structures “in man-
dible, we applied modified lateral graphy technique.
Roentgenologic factors were manipulated as follows  for
this technique. . ' )

K V.P e 65-70

m Amp. ; 15
Film = Tube distance 160 cm
Exposure time 2 sec

Film type- . Dupont Cronex

For wrist graphi;s the roentgeno]ogic factors were
manipulated as follows:
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w

K.V.P. 50

m Amp. 15

Film - Tube distance 60 cm
Exposure time 0,6 - 0,8 sec
Film type Dupont cronex

__ In the plates you see the lateral view of the man-
dible and the wrist X rays of one of these cases. (Case
No. 126, Page 70) :

In the evaluation of dental age, w 9ave used norms
developed by Moorress, Fanning and Hunt(48), these norms
have been developed according to the developmental stages
of the permanent teeth. In terms of crown, root forma-
tion and apical closure of teeth. '

Now you will see the norms at the following pages
for the mandibular permanent canines,premolars and molars
of males and females developed by Moorress et al.(pp.71-77)

Evaluations of the carpal index values in years and
months were completed. For t?is purpose, we have used
the Atlas of Greuclich and Pyle(49), in which all devel-
opmental stages of carpal and metacarpal bones are shown.
In the following Table 1. you see developmental periods
of these bones. (page 78)

In order to determine the nutritional status of
the chzlg en, we have wused the method developed by
McLaren , this method is also recommended by the World
Health Organisation. In this method, the only problem
seems to -be the age of the children, since the method is
valid only for the children upto the age of seven. . In
34 children cosisting of 20 boys and 14 girls upto the
age of seven, we have used this method with a band having
milimetric measurement scale, we have measured the cir-
cumferance of the arm and the widest part of the head.
For the measurement of the arm, processus acromion of
scapula and olecranon of ulna have been found and in bet-
ween point of these two processés, measurements were made
with a band measurement without pressing to the soft tis-
sues underneath. Head measurements have been made
covering the supra optical tuberance of os frontalis =and
the apparent tuberance of os occipitalis. The ratio of

, .
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“below 0,249 than the

these two measurements gives a rather precise result for

the detfﬁgjnation of nutritional status. According to

McLaren s 1f the ratio is 0.310 and above, this means
tha? the child's nutritional statys is normal, if the
rat1o_~1s in between 0.310 - 0.280 than child has a mild
protein malnutrition, if ratio is beTow 0.279 and down to
0.25 child has a moderate malnutrition, 1if the ratio s

-child has a severe maTnutrition.

Findings for malnutrition

. "In the =fqllowinQ-Tab1e 2. head and arm'meaSUrements
and their ratios. have been shown. (page-79) |

. Findings for dental and 0SSeous ages

Evaluations of the dental and osseous ages of the
children drinking . high fluoride” centaining water 1in
DoJubayazit region have been shown in the Tables 3,
4, 5 and 6 (pages 80-93) .l S

Statistical analysis of the ffhdiﬁgs ;

mine if any significant difference between dental age and
skeletal age, exists of the studies group of boys (60)
and girls (69) separately, with =0.0005, the observed t

Chi-squaré test has been applied in order to deter-

~value for boys is 8.81 which highly exceeds t =-3.46 of

the table value. This finding indicates that there is a
statistically significant difference between skeletal de-
velopment and dental development of boys. - Dental devel-
opment of boys - highly exceeds the carpal and metacarpal
developments. t ' - ‘

( The same progedure has been repeated . for females

. The t value for females has been found as t = 14.08,
with =0,0005 significance level, this value highly ex-
ceeds the table value. This indicates that the dental
age in girls also exceeds the skeletal age. p

Aﬁother'statistica1;ana]ysis'éhas beén made in order-

to determine if any difference exists between the dental
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TABLE 1

BEGINNING OF AVERAGE OSSIFICATION PERIODS
IN CARPAL AND METACARPAL BONES FOR MALE
AND FEMALE CHILDREN

. BEGINNING OF OSSIFICATION
- BONES -
Female Male
Capitatum 4 2 months 2 months
Hamatum 2 " 2 "
Rad1um Distal Epiphysis 10 " 1 year 1 "
3-Proximal Epiphysis 0 " T 4 "
2-Proximal Epinhysis n " 1 4 "
4-Proximal Epiphysis 1" 1" 5
1I-Metacarpal Epiphysis 1 year T 6 "
I-Distal Epiphysis . 1" 1 7 "
11I-Metacarpal Epiphysis 1" T 1" g "
1V-Metacarpal Epiphysis | 3 ¢ 1 " 11"
5-Proximal Epiphysis 1" 2 " 1" 9
3-Medial Ep1bhys1s | 3 " 2 years
1-Med1al Epiphysis T 3 " 2 "
V-Metacarpal Epiphysis 1T v 4" 2 v 2
2-Med1al Epiphysis 1" 4 " 2 " 2 "
Iriquetrium 1" 9 2 " 5 "
3-Distal Epiphysis T 6 " 2 " 4 "
I-Metacarpal Epiphysis . 1T 6 " 2 " g "
1-Proximal Epiphysis 1" g " 2 " g "
5-Distal Epipysis " 1m " K T
2-Distal Epiphysis 1T o 3 ¢ 1"
5-Med1al "Epiphysis 1 " 0 " 3 ¢ 3 "
~ |Lunatum 3 years 11 " 5 " 6. "
Gross Multangulare 30" 11 5 7
Small Multangulare 4 1T " 5 " 9
Navicularis . 4 " 3 " 5 " 6 "
Ulna Distal Epiphysis - 5 g * 6 " 0 °
Adductor Pollicis Sesamoid i " 1" 12 " 8 *
FROM PYLE
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~ age and skeleton age of boys and girls.

With = 0.0005 type I error and with 127 degree of
freedom ‘the observed t value has been found as’ t = 3.762.:
This value exceeds the table value which is 3.460. This
shows that the-difference between dental age and skeletal
- age is extremely higher in females than in boys. The chi-
square test's results which have been used to determine if
‘any malnutrititon exists among boys and girls, donot show
any malnutritiion among the children either boys or girls.

Discussion of the fihdings

Even though we were unable to determine the actual
chronological age of the children because of socio-cultural
reasons, the results of this study are interesting in that
roentgenological evaluations of the dental system, carpals
and metacarpals of the ch11dren have uncovered certain
quest1ons in our m1nds .

First, h1gh f]our1de 1ngest1on with - long duration
seems to have a more deleterious effect on the development
of the ske]eton than on the teeth of the ch11dren

Dental deve]opment seems - to be more or less w1th1n
the normal ranges even though we were unable to determine
the actual chronological ages. There seem -to be various
factors playing an important role in the difference of -
skeletal and dental age. One of these factors seems to be
the dynamic difference which exists between bones and den-
tal tissues. In experiments with radio active elements,
it has been shown that the calcium turnover from bones to
extracellular fluid is six times higher in bones than in
teeth(0). Flouride inhibits the calcium to be dissolved
from bones ‘and from_ teeth by forming flouro-apatites which
are less soluable than hydroxy- apat1tes but the turnover
rate seems to be less than the given ratio above.

Another 1mportant factor seems to be related tocoﬂagen.
biosynthesis. Various research workers such as Go]lug
Glimcher and Goldhaber(39), Peck, Zipkin, and Whedon (38}
have shown that the co]]agen b1osynthes1s in the calvarias
of the rats was significantly depressed inanimals, drinking
10 p.p.m. flouride for 10 months. This depression was
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found to be ap arent at tissue level. Goﬂup, G1imcher
and Goldhaber{39) have also shown that even if in the bone
culture media of less than 0.2 p.p.m. flouride was found,
collagen breakdown also occurred. Flouride concentrat1on
in extracellular-fluid may poss1b]y 1ncrease, this in'turn
inhibits the collagen biosynthesis which is the prerequisite
for the dental and skeletal deve]opment “This. 1nh1b1t1on
seems to be on a lesser extent 1in dental tissues than in
‘bone tissues, otherwisewe are unable to explam the d1ff’er—
ence wh1ch we observed in X-rays.

Another factor which may result 1n the difference
which has been observed between skeletal growth and dental
growth is the nutritional status of the children, since we
were unable to detect any malnutrition, it is notworth-
while to consider malnutrition here

, If there are no other factors playing role in the
difference observed between skeletal development and denta1
development, than we may conclude that high flouride in-
takewith long duration has a deleterious effect on skeletal
deve]opment one additional point may bé the thyroid func-
tion. It iswell known that the thyroid dysfunctionaffacts
both dental and skeletal developments, however, the research
work done up to now -has not demonstrated any deleterious
effect of ﬂoumdes upon this function.

Another point which has been noticed by Tunce1(52) is
the band formation on the bones. .This finding will be
discussed by Dr. Tuncel 1n detail.

McCauley and McC]ure(“) in'their research work could
not find any significant difference between dental age and
skeletal age of the children drinking 6.2 p.p.m. flouride
containing water. This finding is definitely open to dis-
cussion.. It is our opinion that flouride intake above 10
p.p.m. seems to cause this deleterious effect which we ob-
served. - The control mechanism ~which I. - suggested above
possibly does not function above a certain level of flour-
1de intake. One may also raise’ the question that race and
inherited factors may playa role in the difference between
skeletal age and dental age. . Since we do not have the
Turkish norms of deve]opment m° dental and skeletal sys-
tems, we are unable to discuss th'ts very important pomt
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for the time being.
Conclus1ons
~ From the research descr1bed here it 1is clear that:

1. - High flouride -intake haszideleter1ous effect on
skeletal deve]opment, and -

2. thiS'de1eterious effect occurs also, but to a
Tesser extent on dental tissue.\
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" EVALUATION OF THE CHRONIC FLUORIDE INTOXICATIbN
IN THE DOGUBEYAZIT REGION ‘FROM THE NEUROLOGICAL
STANDPOINT

By Dr. Mehmet Uztopcular
Associate Professor
Department of Neurology
Faculty of Medicine
Atatiirk University
Erzurum, Turkey

(Abstract)

. This pilot study has been made on 29 males and 11 fe-
males from Dogubeyazit region where the fluoride contents
of drinking water are above the optimal level.

Clinical, ]aboratory, roentgeno]ag1c and E.E. G. e- -
va]uat1onsof’these cases were made. In the studied group,
walking difficulties, skeletal changes and changes in ten-
don reflexes were observed

Laboratory f1nd1ngs revea] that chronic fluor1de 1n—,
toxication causes disturbances 1n serum electrolytes and
in some  cases collagen breakdown (rheumatoid factor).
E.E.G. activities of the cases studied, show significant
changes w1theitendenqy towards hypoact1veE E.G. patterns.

~ Various aspects of fluoride intoxication have been
discussed part1cu1ar1y1rxterms of laboratory findings and
E.E.G. patterns.

INTRODUCTION

This study has been undertaken in order to determine
the neurological problems which are caused by chronic
fluoride intoxication in the villages of Dogubeyazit where
the fluoride content of the drinking waters is up to 12

p.p.m.

In the artic]e; the pathological symptoms due to
fluorosis observed among the villages of Dogubeyazit are
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thoroughly eva]uated from the medical point of view and
- possible solutions to the problem are discussed. -

‘Materials and Method

40 adult cases withanaffected area of fluprosis were
hospitalized on various occasions between 1975-1977, in the
Medical Center of Atatiirk University, for roentgenologic
and E.E.G. evaluations. Clinical examinations on these
people particularly dwelt'upon the neurological standpoint.
Laboratory evaluations covered blood proteins, serum na-
trium, potassium, calcium, phosphorus levels and alkaline
phosphatase activity.  Latex fixation tests ‘were made in
order to determine the R.F. factor suspected to be positive-
among these type of cases. ) o S S

In addition to these evaluations,skeletdl surveys were
‘made, and x-rays were taken 'particularly of skulls (A-P,
lateral and submento vertical), cervix (A-P, lateral),
lumbo-sacral regions, pelvises and joints of the cases.

E.E.G. eva]uatidn of the cases was~_méde ~with 8-
channel Siemens-Elema Schgnander equipment.
Chi4squére tests were given inorder to determine the
relationship between clinical findings, laboratory find-
ings, E.E.G. pattern, and the factors which effect these.

Findings

The studied cases consisted of 11 females and 29
males. The age ranged between 20-85. Table 1 shows the
villages using drinking water with a high flouride can=

tent. )

Table 2 gives the age ' and sex distribution of the
studied cases. ' f R A .

Subjective complaints of the studied personsareshowh
in Table 3.
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‘As shown in Table 3, 38 cases out of 40 have extre-
mity and have joint pains; 22 cases have cervical and dor=
sal ‘pains; 14 have only headaches; 12 cases have dif-
ficulty “in walking; 6 cases have lassitude and one case
has seizurés {clinical findings are shown in Table 4). We
were_ unable to observe any clinical symptoms in 2 of the
total cases.. These two cases-are in the 20-30 year age
group,-we found reflex changes 1in 30 of the cases; 15 of
“these.’.showed significant decrease in their tendon re-
- flexes,.and ‘14 showed increased tendon reflexes. In.only
one case were we unable to find any tendon reflex. Two
-cases, however, showed pathological reflexes.

In terms of the atrophies, seen in the masculature,
we noticed that 30 of the cases had atrophies of muscala-
ture. 10 out of 30 cases showed a diffuse type of muscle
atrophy, 9 cases showed atrophies bothon the lower and the
upper extremities; 10 cases showed atrophies only on the
Tower extremities, and 1 case had atrophies on the upper
extremities and on the trunk. . :

In the tonicity evaluation of the muscles, in17 cases.
we found muscle stiffness, in 6 cases we noticed hypotony
of .the muscles, in 19 cases we observed skeletal deformi-
ties consisting of 15 kyphosis, 2 pectus excavatum, 3 X-.

leg, 7 0-leg, and we observed limitations in the joint

movements of 34 cases.

In 11 cases we observed difficulties inwalking (TaB]e
4%, and in 12 cases we noticed walking complaints (Table
3). : , e

In the fo]lowing pictures, a case with 0-]eg;_kypho-
sgs and diffuse muscular atrophy can be seen (Picture 1-
2 s o . ) )

, We have made laboratory tests 1in order to determine

the serum natrium, potassium, calcium and phosphorus Tevel
of the cases. In addition to these electrolytes, we deter-
~ mined the serum alkaline phosphatase activityand rheumatoid
" factor for each case. _.The laboratory findings are shown:
in Table 5. -

As :seen in Table 5, serum proteins seem to have de-
| - 109
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Pictures 1 & 2 (Case No. 2)

111




ISYLYHdSOHd INITVATV ,mgm>m4vm:mormmozm

*WNIJTYI “WNISSYLOd “®BN mmzHu»omm WNA3S

- 87, a g1 - - i =i I I ¢
_ - - - AR AN - el - |¥9 | W |02
-, - - €1 - LET - 0S | W6l
= - - €1 - PET. - 09 | W |8l
- - v'e - - 68T = sy | 4 | LL
-+ 8’V - - - - - ov | 4 |9l
- - - g1 - - = 0L | W |'§l
+ = - 4 - = ~ |04 | W Pl
+ = - 4! - - = |09 | W |EL
- - - €1 - 96T - Jeo | W |2l
+ - - - - - - GG [W | LL
- - - - = - - 23 |'W | oL
— — L = e — — 02 . m m
g - = - - - - oG |4 |8
- =. - L'8. = e - |sv | d L
- - ¥'9 = - g'e PET = oW |9 .
- 8'% 7' - - - - |08 | WIS
- P g€ - - = - o9 | W |t
e 8’7 7'e. - I P - 109 | W |E
o S 9'g s - e T | - |9 MW |2
o= | e | e - i ger | - [ W |l
:ogwmxwumwmumq,mmMWMﬁmwwum m:;o;amo;m,szpoﬁau,E=PMmmyom wntpos m;&wwwma,mm< Xas mmwu
(*4°¥) SLSIL NOILYXId4 X3Ll¥1 40 SLINSIY FHL ONY ALIATLOY

o

g TVl =



et L4 SR AR €T BRI ET ¢ TEoLT

é + ) = l - LET - gL | 4 ot
’ - - - - - LT 'y |08 | W | 6F
- - . ~ - - - leo | 4| s

- - - -, - GeT - 08 14 LE

- 8'¥ - 811 - el 7' |87 |' W 9¢

. + - - 9'Tt - - - 09 | 4 Ge

+ - - |- - - - e | W |

+ 8'y - G992 - 26T - 89 | W £e

+ 8'v - - - LET - oL | W 2¢

- - - - - - - s | W | e

+ - - LTI - - - ov | 41 .0¢

+ - - - - - - les | u| 62

- - ¥'e - - - - SE | W 8¢
TR - - - - - - ov | W | ¢z
+ - e - - - - 0L | W 9

- - - - . - - fov | 4] sz

- - - - - - - oz |u| vz

: : - - - - - || W] sz

+ - - - - a - e | W | 22
_coEMx.u h.mvva Teq mmwwm_‘r_mw_wumumios%oi ‘wntapey [ un pmms.om E:Eom mc&wwmmm aby| xog| mmw_u

>hg>mhu< um<h<xmmozm ANITYATY “STIAIT SNYOHJSOH .zzmoq<u .Z:Hmm<Hom .mz, mszhoxm WNY3s

(*4°y) S1saL NOILYX 14 xup<A 40 mh4:mum JHL mz<

.

AN..npgouv S 19vL

113



crease in two of the cases, natrium levels have also de-
creased in 12 of the cases. In one case, we found an in-
crease of the serum natrium level. 2 of the-cases showed
decreases in the serum potassium level. In 11 of the cases,
we determined the calcium level tobe increased and in two
of the cases to be decreased. Serum phosphorus levels of
7 cases were found to be ]ow -

A Alkaline phosphatase activities of 11 cases showed an’
‘elpvation. We found R.F. to be pos1t1ve in 15of the cases..

: The resu1tsof“the skeletal surveys are shown1rrTable
6. X-ray evaluations of the cases indicate that 5 of these
cases are within the normal acceptance level. In 35 cases,
we found axial osteosklerosis, ' 9 of these cases showed
severe, 10 moderate, and 16 mild osteosklerosis. = In 28
cases we found extremiter osteosklerosis, 5 cases showed
Tigament calcification, in 15 cases we found periostal
reactions, 7 .cases showed calcanael spine. = There was
thickening of the skull in 2 of the cases. B

; In terms of the E.E.G. evaluations, we found the
following results: 14 of the cases were within normalE.E.G.
appearance, 13 cases showed marked flat E.E.G. pattern, in
11 cases we found hypoactive E.E. G 1 case ‘showed diffuse
beta activity in repeated E.E.G.'s, and in 1 case we
observed pathologic E.E.G. activity with tetha and delta
waves indicating a Tocalized pathology. In this particular
case, fe were unable to accomplish further studies be-
cause of a lack of cooperation by ‘the patient. In Table
7, you see the d1str1but1on of E.E.G. activity in the ob-
served cases.

Ue were able to recheck 14 cases w1th1n1 to 2 vears.
As far as we know, the fluoride content of the deinkina
water from which these peop]e drink, are almost within
optimal range-or diminished in comparison to.the previous
level, and these people have been drinking from these
sources for 4 years.

In our contro]s 10 of the 14 cases showed s1gn1f1cant

. improvement in the E.E.G. activity. 1In pictures 9 and 10 °
~a comparative picture  of two cases has been presented.
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TABLE 7

 DISTRIBUTION OF THE E.E.G. ACTIVITY AMONG THE CASES

Case|c.yl|’ . |Hypoactive| LOS21128d Rpesa petivaty in :
No. | Sex|Age Flat‘.E.F..(Ai.. ' ,?5_53 PaEthEo'Igg'lc repeated E % a. Normal |-
1| M| 85} - - - - e
2| M| 65 -+ - - - S
3| M| 60 + - - - L
4| M| 66 + - - - -
5 (M| 8| .+ - - - -
6| M| a4 - + - - -
71 F} 45 - + - - -
8| F| 50 - - - - +
9| F| 2 - - - - +
10| M| 27 - - - - +
11 M| 55 + - - - =
112 | M| 65 - o+ - - -
13| M| 60 - + - - -
14| M| 70 - - - - *
151 M| 70 - + - - -
16 | F | 40 - - - - +
17 {F| 4] - + - - -
18| M| 60|l - + - - -
19 | M| 50} + - - - -
20| M| 64] 4 - - - -
211 M| 45 E - - - -
22 | M| 43| - - + - - -
23| M| 47 + - - - -
‘24 { M| 20 - + - - =
25 | F.| 40 - - - - +
26 | M| 70 - - - + -
27| M| 40 - - - - *
28| Ml 35 - ;- - - +
29 | M| 55 + - - - -
30| F| 40 - - - - *
31| M| 64 - + - - -
32| M| 70 + - - - -
33| Ml 68f  + - - - -
3/ M| 20 + - - - -
3 | F| 60 - - + - -
36 | M| 48 - L+ ~ - =
37| F| 50 - - - - N
38| F| 65 - - - - o
39.| M} 80 - - - - +
AR B - ST FO EOUUUN SR T N
1 Total 13- n. el B T 14

N6
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Discussion -

As shown in Table 1, we did not present the water
fluoride content of some villages. As far as we know, and
we have observed in the area, the villagers ~were using
Sarisu which contains fluoride up to 12 p.p.m. - However,
today, except for G8kcekaynak and Yilanli viTlages, others
are using drinking waters ¢ ntaining fluorides at Teast on
‘the level of 3.5 p.p.m. 2,3). o ' S

In 68 cases showing chronic cryolite 4ntoxication,
Waldbott observed 80.9% gastric problems with symptoms of
nausea, vomiting and 1oss of apetite. In this group, he
also found 33.8 per cent.intestinal problems such as pre-
disposition to diarrhea and constipation. Symptoms related
to muscle, Jjoint and bone pains simulating rheumotoid
arthritis were present in 35.3 per cent of the cases.
, According to Waldbott, 22:.1 per cent of these cases sh?w§d'
neurological symptoms and 11.8 per cent skin probiems 4),
Frada and Mentesana also point out the gastrointestinal
problems of chronic fluoride intoxications(5). - Siddiqui
found that 7 out of 32 of the cases with crippling fluor-
osis due t3 chronic fluoride intoxication, showed hearing
prob]ems(5 .. Spira and Waldbott point out that, in addi-
tion to the  symptoms given above, neuralgia, epileptic
seizure and}a}opesyarecmmmon symptoms in chronic fluoride
intoxication \/s0,7). S ' :

In our study group, we found that 95 per cent of the
caseSiSUffered‘with pains in the extremities and joints;
55 per cent with cervical and dorsal pains; 35 per cent
with headaches; 30 per cent with difficulty inwalking; 15
per cent.with lassitude; and 2.5 per cent (1 case) with
seizure. -Singh and Jolly made a field study of 60 cases
with obvious fluorosis symptoms and their clinical examin-
ations revealed that 27 had neurological symptoms. . 25
cases showed criopling fluorosis and deformities; 4 cases
had extreme increases inmuscle tonicitys: 17 cases showed
involvements in the lower extremities and 10-cases in the
upper extremities. 9 cases revealed symptoms related to
compression at amedullary level; 4 cases revealed numbness
in certain areas. In their evaluations, they also found
an increase or decrease in the tendon reflexes of both the
upper and lower extremities. It is interesting to note

122



that 22 cases revealed Babi nsky sign. 10cases had kyphosis,
and there \Siere Timitations in the movements of columna verte-
brah s :

_ JoHy in Patiata- Ind1a, examined 358 persons with
'deﬁmte fluorosis symptoms. 62 of these cases had myelo-
“radiculopathy an? r%d1cu7ar compression was obvious in
clinical symptoms

In a Jomt study, Smgh and Jolly found eﬁn}te
paraplegia in 21 of 46 cases with extreme ﬂuoros1s(

In another study. Singh, Jolly, Bansal and Mathur ob-
served 42 cases with neurological complications ina group of
409 persons showing extreme fluorotic signs such as Babinsky
8; cases), changes in the tendon reflexes, kyphosis,etc.

Joﬂy, Singh and Singh, in a field study of 6,022 per-
sons with fluorisis, found that 624 persdns showed neurologi-
cal s%mptoms and out of those cases, 200 revea]ed parap]e-—
g1a _

JoHy,,Smgh etal, in 1,065 cases w1th skeletal ﬂuor-
osis found 624 crmphng f1uoros1s The number of .cases
showing deformities and neurological symptoms reached 855
(13). “Contrary to the findings of various research work-
ers, we found neurological complications in 92.5 per cent
of our cases. Of the cases we examined, the tendon re-
flexes were increased, decreased or lost in 75 per cent.
In 2 of the cases we also observed pathological reflexes.

Singh, Jolly, Bansal and Mathur, 1in 42 cases with
neurological complications found muscle atrophy in the hand
muscles whereas we found diffusemuscular atrophy involving
the upper and Tower extremities together oralonein?75 per
cent of the cases we examined. Singh and Jolly also stated,
that they found an increase in the muscle tonicity in al-
most all the cases they examined. Contrary to their
findings, we have seen an 1ncrease in the muscle tonicity
of 17 cases and a decrease in 6. , '

In connection with the kyphos1s, Smgh and Jol11ly found
this symptom in 10 cases in a study group of 60 persons.
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Singh, Jolly, Bansal and Mathur observed kyphosis in 10
cases of the 42 cases they examined. We found 15 cases
with kyphosis out of the 40 cases we evaluated.

In addition to these findings, different from the
Titerature, we have observed pectum excavatumin?2 of our
cases, X- 1eg in 3 cases, and 0-leg in 7 of our cases, but
we were na?]e'hafindarurgenu valgum as observed by Raddy
and Raju ‘

As far aswalking difficulties are concerned, various
researchers found this problem, nrobably ‘in the form of
paraplegia and cr1pp11ng The percentage varied from_ 25
to 45 per cent in the literature we reviewed(10,15, 7,13,

. The cases we observed with walking difficulties were
at a level of 27.5 per cent.

In terms of the Taboratory test results Shortt, Pandit
and Raghavachari found 1in ten chronic fluorosis cases,
which they evaluated, the blood glucose level was within
normal limits in6 cases. 2 cases showed increased glucose
levels and in two cases the glucose Tevel was below normal.
Calcium Tlevels of the cases were elevated in 5 cases, de-
creased in 2 cases and normal in 3 cases. Serum phosphorus
levels were high in 4 cases, low in1case and normal in 5
cases; serum alkaline phosphatase activity was normal in
5 cases and elevated in the rest of the group. Serum nat-
rium Tevels were elevated in 3, decreased in another 3
and normal in 4 cases. Serum potassium Tevels were found
t?]b?‘increased in 2 cases, decreased in 6, and normal in

Contrary to Shortt, Pandit and Raghavach1 S f1nd1ngs
Chhuttani, Wahi and Singh fo%nd'the e]ectro]ytes normal in
10 of the'cases they studied!l

When we compare our laboratory f1nd1ngs with Shortt,
Pandit and Raghavachi's we are unable to find any change
in terms of the blood glucose Tevel. These research wor-
kers had found an elevated glucose level 1in two of the
cases they studied. They also found the serum calcium
Tevel elevated in 50 per cent of their cases anda lowered
calcium Tevel 1in 20 per cent of the cases. Whereas we
found an elevated calcium level 1in 27.5% and a Towered .
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calcium level in 5% of the cases we studied, Shortt et al,
also stated that they found the serum phosphorus level in-
creased in 40 and decreased 1in 10-per cent of the cases.
We found a decreased phosphorus level in 17.5 ner cent of
our cases and no e]evat1on at all. ,

In an evaluat1on of the serum natrium level, Shortt
et a] found ‘an elevated natrium Tevel of 30%. Howeverthey
also found a decreased serum natrium level in 30% of the
cases which is similar toour findings. We only found 2.5%
increase in all the cases we studied.

The serum potass1um levels of fluorosis show amarked
difference from Shortt's findings. They found an elevated-
potassium Tevel in 20 ver cent of their cases anda lowered
Tevel in 60 per cent, we only found a decreased serum po-
tassium level in 5% of our cases and the rest came w1th1n
normal limits.

According to Leona, Shimkin et al, the hematocryt
values in 92 cases showing f}uorosis symptoms, the number
of neutrophyls were elevated{18) and wewere unable to find
any change in hemotocryt values in our study group. -

In the literature we reviewed, we did not come across
work related to the rheumotoid factor. For this reason we
are unable to djscuss our findings comparatively,

Chronic fluorosis definitely causes some skeletal
changes. Latham and Grech,ir:their roentgenologic evalua-
tions found skeletal -changes 1in 87% of the cases (112
cases). These changes include: Paravertebral 7igament
calcification (20%); osteophytic appearance on the verte-
%r§e (45%) ; ca1c1f1cat1on on the muscle attachments (26%)

9).

In their roentgend]ogic ~evaluations, Singh, Jolly,
Bansal and Mathur also found moderate to severe skeletal
changes in cases with neurological symptoms(’/

Vittori and Pinet had also concluded that chronic
fluorosis caused thoroxic and vertebral oszeoschYerosis at
a level. of 30% in the cases they examined(15) C
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According to Waldbott, osteoschlerotic changes in Eh
skeleton appear in 45% of the cases-showing fluorosis.

Qur findings related to osteoschlerosis are more or
less similar to those in 11terature - However, our study
qroup also found calcanel spina. In add1t1ontoih1sf1nd- :
ing, we also observed a thickening of the skull bones in
two of our cases

In connect1on w1th the E. E G eva]uat1ons<rfchr0ﬂ1c
fluorosis. Waldbott assumes that E.E.G. changes may occur
due to a decrease in the serum calcium level 4). ~Singh,
Bansal, Jolly and Mathur stated that they were unable to
detectanyEiE G. changes in chronic fluorosis (7). Contrary
to these findings we found 35%of the cases normal. - 32.5%
flat, 27.5% hyvpoactive, 2.5% had persistent Beta act1v1ty
and 2 5% pathologic E.E.G. (with a pattern of delta and
tetha waves). -

14 cases" in our study group were re-eva]uated. with
resnect to possible E.E.G. changes.  These people have
been drinking water from sources containing optimal fluor-
ide or significantly lTower fluoride containing water for
almost 4 years. 10 of these cases showed a significant
improvement in the E.E.G. activities. = There was a mar-
ked 1mprovement in the1r 1ocomot1ons

S1ngh Jol]y et a] found in thexr eva]uat1ons of
- persons with chronic fluoride 1ntox1cat1on, that the serum
calcium levels were from 9.2 to 13.5 mgm %.  Ontheother
hand the same research workers determined the serum phos-
»phorus levels varying from 1.9 to 5.5 mgm%..These findings
indicated that elimination of phosphorus by means of urine
seemed to increase in cases showing- - chronic fluoride in-
toxication. The eliminated phosphorus level reached up to
234mg%, starting from 150 mgm%. As far as calcium elimin-
?t;on through ur1ne‘1s concernedthereseemstotmznochange
(7). : ,

It is obvious from the results of this study that some
cases with chronic fluoride intoxicationmay need phosphor-
us supplementation as after a while a negative phosphorus
balance will be established. This point has been shown in
animal experiments by Gabovich and his co-workers{19). In
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our study we found a decrease of phosphorus in the serum.
of 7 of our cases (17.5%),wemay assume that this type of
change in the serum phosphorus level might deteriorate Cax
P equilibrium, and thus in return cause an increaseof the
serum calcium level which simulates hyperparathyroidism.
{hi; speculation fits more or less to Cannel's findings
20). : L

Inour evaluation of serum alkaline phosphatase acti-
vity we found an increase of 27.5% 1in our cases. This
finding agreed with Weidmann and his co-worker's findings.
Contrary to this finding, Singh, Jolly and others found no

“significant change in the ?e¥um alkaline phosphatase acti-

vity of chronic fluorosis

In order to determine the rheumotoid factor (R.F.), we
used the latex fixation test on the cases we studied. The
test resulted in a 37.5% R.F. positive in the whole group.
As far as we know R.F. is an indicator of the collagen
breakdown and is related to the 1inhibition in collagen
biosynthesis. In-vitro studies on bone cultures reveal
that even if fluoride exists at as Tow as 0.2 p.p.m. the.
collagen breagdown 1ncreases andtheco]lagen b1osynthes1s
d1m1n15hes( S :

Th1s f1nd1ng def1n1te1y re1nforces our finding rela-
ted to R.F. in chronic fluorosis. It is very interesting
that serum electrolytes have changed 1in R.F. positive
cases; 1in six of fifteen positive R.F. cases, the serum
electrolytes varied from normal values. E.E.G, patterns
of most of these varied; we noted .7 flat, 2 hypoactive, 1
persistent beta activity and1 patho]og1ca] E.E.G. appear—"
ance in these cases.

Even if it.is highly speculative, it is re]e&aht to
assume that there seems to bea close relationship between
bioelectric activity of the brain and collagen breakdown,

According to Weidmann and Weatherell, the serum alka-~
Tine phospha%ase activity increases in chron1c fluoride
intoxicationt2 We also found an increase in the alka- -
Tine phosphatase activity of 11 cases (27.5%).

In our eva]uationS(xfthe_serum electrolytes some de-
) ’ SR VY



crease of natriumin serum of 30%of the cases was revealed,
E.E.G. activities 1in the cases which show a decrease--in-
their serum sodium level are markedly different from mnor-

mal. We found 5 hypoactive and 4 flat E.E.G. activity in -

these part1cu1ar cases. As far as we know from classical
physiology, an increase or a decrease in the serum natri-=
um Tevel of extracellular fluid did not have any effecton
‘the membrane activity of the neurons. If the situation
was such, then for the time being we are not able to dis-

cuss further the aspect of chronic intoxication. We-also

found some decrease in the serum potassium level of 5% of
our cases. A serum potassium level.may!| have an effect on
the E.E.G. activity. In two of our cases we had 1 flat
and 1.hypoactivity. A decreased level of potassium anion
in extracellular fluid may cause hyperpo]arization on the
neuron membrane, this in turn may increase the membrane
activity which man1fests jtself as a lowered bioelectric
act1v1ty(23) ' .

We found the serum calcium 1eve1 elevated in 11 cases
(27 5%), elevation of calcium also seems to have hada re-
verse effect on the E.E.G. activity as we noticed 3 flat,
5 hypoactivity, pathologic E.E.G. patterns and on]nynor-
mal E.E.G. activity amgng the cases. This situationmay be
seen by the changes taking place on the neuron membranes,

it is highly probable that an increased level of calcium °

may cause membrane polarization which in turn resu]ts in
the inhibition of impulse generation.

Statistical ana]yses were also made in order to reveal
the relations among various factors. Theonly statistical-
1y significantidifference has been found between E.E.G.
findings and sex. Females seem to be less affected by
chronic fluorosis thanmales (significance Tevele= 0.01).
In terms of their E.E.G. patterns, women have normal or
close to abnormal E.E.G. patterns compared to men.

Preventive Measures

It is of prime importance to take preventive measures
in order to alleviate the problem to some extent. Ue may
consider home defluoridation units as a possible preventive
measure. Bone charcoal seems to bea very effective mate-
rial in the defluoridation process. The pilot study done
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BY Taves in the area, disclosed that bone charcoal was am
effecfiVe means of reducing fluoride levels in  drinking
water ‘

- Supp]ementary vitamin C may also alleviate the detri-
mental effects of fluorosis. This may be helpful particu-
larly in collagen biosynthesis which seems to be inhibited
w1th f1u0r1de 1ntox1cat1on

The bas1c solution to the problem 1is definitely to
supp]y this community with new water resources which con-
tain optimal or close to optimal fluoride.

Conclusions

.29 males, 11 females from the Dodubeyazit region where
the drinking water contains fluoride in toxic levels were
evaluated from the neurological standpoint. The following
- conclusions. have been drawn from this study:

A. C11n1ca1 and roentgenograph1c conclusions:

-~ ’ pa1n in the extrem1t1es and Jo1nts (957)
- cervical and dorsa] pain (55%)

- difficulties in walking (30%) |

- headache (35%)

- lassitude (15%)

- seizures (2.5%)

- . decrease, increase, or absence of tendon
reflexes (75%)

- pathologic reflexes (5%)
- various muscular atrophy (75%)
- Tlimitations in'the joint movements (85%)

- kyphosis (37.5%)
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- ‘-pectum'excavatum (5%)

- X-leg (7.5%)

- 0-leg (17.5%)

- axial osteoschlerosis (87.5%)

- extremiter osteoschlerosis (67.5%)

- calcification of the ligaments (12.5%)

- periostal reactions (37.5%)

- thickening of the skull (5%)

- clacaneal spina (]7.5%)

Laboratory Findings:

- decrease
- decrease

- increase

" - decrease

- decrease
- increase
- decrease

- increase
(27.5%)

in the
ih the
in fhé
in the

in the

in the.

in the

total serum proteins (5%)
serum natrium 1eve1 (30%)
serum natrium ]eveT‘(Z.S%)
serum phosphofus Téye] (]7,5%2.
serum potéssium level (5%)
serum cé]cium Tevel (27,5%)

serum calcium Tevel (5%)

in serum alkaline phosphatase activity

- R.F. (Rheumotoid factor) positive (37,5%)'

E.E.G. Findings:

- 1 Flat E.E.G. (32.5%)
hypoactive E.E.G. (27.5%)




normal E.E.G. (35%)
persistent beta activity (2.5%)
pathologic E.E.G. (2.5%)

a great percentage of the cases having positive
R.F. and disturbed electrolytes show hypoactive
or flat E.E.G. patterns ' :

reevaluated 14 cases at 1-2 year intervals show
some improvements (10 cases) 1in their E.E.G.
patterns. These improvements may be attributed
to lowered level of fluoride intake -

Statistical Results:

there is a significant statistical difference
between the E.E.G. activity and sex (&€ =- 0.01
significance level), women = show better E,E.G.
patterns than men = = -

there seems to be no relation between osteoschle-
rosis and blood values, osteoschlerosis seems to
be the same among men and- women

there seems to benorelation between age groups

and E.E.G. activity.

median age of the group studied is 52.5; there
seems to be a tendency towards-hypoactive and
flat E.E.G. patterns above this age; there also
seems to be a tendency towards normal below this
median age : :

.thére seems to be a relationship befween E.E.G,

findings and axial osteoschlerosis at a level
of C = 0.4989; the relationship between E.E.G.
activities and extremiter osteoschlerosis is on
the level of C = 0.35 -~ : .
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THE pH VALUES AND FLUORIDE CONTENT
OF MACO WATER SOURCES

by C. Gholamhosseiny,
Faculty of Pharmacy,
Hydrology Department,
Azarabadegan University,
Tabriz, Iran.

The purpose of this study is to determine the fluoride
concentration in Maco water sources, and to find out the
relationship between pH value and fluoride content of

- waters.

Location

: Maco, the northernmost city of Iran, is situated on
the foot hills of Ararat Mountain surrounded by 530 vil-
lages. A1l of these villages have their own natural source
of water, i.e. springs, rivers, aqueducts and wells (1).
- Determination of pH vaTues and fluoride concentrations were
- made on 117 samples obtained from about 350 water sources
- from the villages around Maco. No other industrial pollu-
tion has been observed in the water sources other than that
of Aras River (Table 1, code No. 78-1) which suffers badly
with industrial contaminants. The location of the Maco
water source which has been analysed, is shown in Fig.l.

Method

Water samples collected in chemically clean, 1-liter
polythene-stoppered bottles, were analysed for their pHand
fluoride content.

: The pH values were determined by Orion Research Ion
- Analyser - 140 with a glass electrode at. 200C. .

-« FZuoride concentration was determined by the SPADNS
method(2),  This method: 5,000 mg/1 alkalinity as CaC03,
16 mg/1 phosphates, 1 mg/1 hexametaphosphate, 200 mg/l
sulfates, 7,000 mg/1 chlorides, 0.1 mg/1 aluminium or 10
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' TABLE 1

“THE pH VALUES AND FLUORIDE CONTENT OF THE WATER SOURCE
OF VILLAGES AROUND MACO

MNo.

*Code **Location

***Water Source pH(20°C) F~(ppm)

W B~ OGP W N e

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

4
11
13

15

17
23-1
32
33

"78-1

31
41
14
25

3
12-2

18

20
23-3

34

69-1

80

21
23-2
19

- Bédow]i
- Beyg Kandi
Pir Ahmad Kandi

Soleyman Aghel
Arab Dizaj
Arkhashan
Tahmaseb Kandi
Nadow
Poldasht

- Seffow

Guri Shakkak
Jamal Kandi
Halhal-e-Sofla
Bash Kand
Giyan Kandi
Qoli Dizaj
Arab Kandi
Arkhashan

Sufi A1i °

Hasoon-e-Bozorg

Pezi ;
Jang Tappeh
Arkhashan
Delak-Verdi

R.
R.

S,

Bedlowli
Bedaw}i

. Ras

S
S
S
S
S
R
S
S
S
S. Gara Su
A.
S.
S
S
S.
S
S
S
S
W
S

20m
Zay Su

Saved Sadr

.5m

8.3

8.3
6.7
7.9

7.0

7.7.
- 8.4

8.0

7.8
7.6
7.1
8.0
7.3

7.8

6.6

7.3
7.4
7.8
7.4
7.6
8.4

7.1

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.07

0.08
0.08
0.11
0.15
0,15
0.15
0.15

0,15

7.4

8.8

0.15
0.15
0.15
0.17
0.17

0.8
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lﬁo. *Code **Location ***jater Source pH(200C)V.'F'(ppm)
25 10  Kalisa Kandi s 6.7 0.23.
26 49 Tarah Kameh s 7.4 0.25°
27 100 Baghchejug s 7.8 0.25

28 97 Kusij S 7.7 0.30.
29 30  Jabbarlou S 8.2 0.30
30 1 Keshmish Tappeh W.20m 7.8 0.33
31 9 Ali Abad S ’ 8.17. 0.33
32 12-2 Qiyan Kandi s 7.1 0.33
33 16 Mara Kumi S 7.8 - 0.33
34 24 Shegefti S o 7.8 0.33
35 61  Qush ~ R. ‘Gara Su 8.3 0.33
36 69-2 Hasoon-e-Bozorg - A.24m 8,3 0.33
37 8 Bahlul Kandi ~ W.10m 8.9 0.3
38 82. Zakarlu W.lom 6.9 0.3
39 99  Mohammad Kandi s 8.3 0.3
40 103-1 Qarah Khach Olya S 8.1 0.3
41 50  Rend S 7.7 0.41
42 79  Qareh Khojehlou S 7.8 0.4
43 88  Mowlik-e-Sofla . S 8.1  0.43
44 103-2 Qareh Khach-Olya S 7.8 0.43
45 46  Injeh-ye-Sofla S 7.6 0.43
46 22  Orush Kandi S 7.6 0.48
47 35  Salman Abad S 7.1, 0.50
48 47-2 Tatar A.20m 7.8 0.50
49 2 Gachut S 8:2  0.52
50 6 . Jawzar s 7.7 0.52
51 7 Alow Jenni S 8.2 .- 0.52

52 42 Tikman °S 7.9 - 0.52



No.

***llater Source pi(200C) F~(ppm)

‘*Code **Location
53 .54 Qeshlag-e-Garik S. - 7.7 . 0.52
54.83  Zanganeh W.50m 7.6 0.52
55102 Galehjug s 7.7 0.52
56 93~ Tazeh Kand S 8.6  0.53
57 40  Kharman Yeri S 6.9  0.56
58 39  Yarim Qayeh-ye-Olya S ' 7.9 0.60
59 45-1 Adaghan S. Shor Su 6.1 0.60
60 8 Agh Bolag S 7.7 0.61
61 48  Hasoon-e-Kuchek Al8m . 8.0  0.61
62 8  Gom S 7.7 0.61
63 98  MNayeb Kandi S ) 7.9 0.61 -
' 64 38  Yarim Qayeh-ye-Sofla W.8m | 8.1  0.65
65 53-1 Danalo-ye-Bozorg S.West 7.3 0.65
66 53-2 Danalo-ye-Bozorg - S.Midle 1.3 0165 .
67 5  Qezil Bolak s 7.3 0.69
68 36  Nefto S 7.6 0.69
69 29  Shah Bandlu s 7.6  0.78.
70. 68 Makhand S : 1.7 0.78
7T 7 Mahmud Agheli W.10m : 8.2 0.78
72 56  Qeshlag-e-Haji A.lom - 8.2  0.87
73 60  Gadai S 8.2 0.87
74 84  Gareh Bolak ~ W.50m - 7.8 0.87
75 101 Padegan S 7.6 0.87
76 104-2 Maco - S. Ag.-Su’ 7.8 0.87
77 44 1sa Khan s 7.7 A0:88 -
78 104-1 Maco

S. Qareh Su 8.9 0.89

]39,




No. *Code **Location ***Water Source pH(200C) F~(ppm)

79 26  Halhal-e-Olya s 7.2 0.5

80 96  Pare Khodik S 7.9 0.95
81 94  Gory Bolak S 7.7 101
82 74  Nazar Khan W.10m 8.2 1.04 -
83 37-1 Bazargan S. Shor Su 7.6 1.05
84 89 Mowlik-e-0lya S ‘ 8.3 1.05
85 57  Mus S 8.4 1.07
8 27 = Shadlu-ye-Sofla .= S 7.7 1.13
87 43  Galleh Zaghesi S 8.3 1.14
88 66 Shor Bolak-e-0Olya S 7.7 1.16
89 37-2 Bazargan S 7.6 1.19.
90 45-2 Adaghan S g 7.6 1.2
91 28  Qorban Kandi ol § e 8.0 1.24-
92 75  Gotan o W.60m . . - 8.2 1.25
93 63  Eshg Abad W.11m i 8.9 1.25
94 52 Kahriz | A.20m 8.8 1.3
95 47-1 Tatar s 7.8 1.38
96 91 - Shater R. Sari Su 83  1.40
97 55  Qeshlag-e-Shurik - S 7.6 1.45
98 67  Gulus - A.7m 7.8 1.5
99 51  Sheytan Abad R. Sari Su - 8.5 1.45
100  70-2 Qara Tapeh ° R. Sari Su 8.6 1.45
101 8  Agh Goul s 7.8 1.48
102 59 Haji Hasan S 8.5 1.50
103 58 . Tajdo A.8m 8.5 1.56
104 -70-1 Qara Tapeh W.15m ~ 8.6  1.57

105 64 Sari Su R. Sari Su 8.3 1.57
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~ [No... *Code **Location ***ater Source pH(20°C) F~ (ppm)

10677 . Djamal Abad  W.38m - 8.3  1.59
jéﬁigﬁb ‘lMostafa Qa]es1 S . 7.6 1.60
108 72 Bazargan Marz. . S 8.0 1.60
f09f2104?3 Ma¢oj  N R. Zangmar 8.2 1.60
110" 78-2  Poldasht S 7.7 1.66
111 87 Shur Aghel-e-Gader W.8m ‘ 7.9 1.66
112 92 Millan s | 7.9 1.66
113 73 Moradlou R. Zangmar 8.1 1.68
114 90  Sangar S : 8.1 1.68
115 76  Tapeh Bashi W.50m 8.0 1.75
116 62  Yula Galdy W.80m 8.4  1.77
117 65  Shur Bolak-e-Sofla S N 8.0  1.79

*  Some villages have more than one water soufce and fhe code
numbers illustrate these water sources and their Tocation in
Figs. 1 and 2.

**  Sampling place.

*** Key: W - Well and its depth.
A - Aqueduct and its main well depth
R - River and its name.
'S - Spring and its name
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- mg/1 iro? can cause interference in the determination of
“fluoride(2), . ; -

- ... To determine the above-mentioned  interferences the
.most sensitive procedures were followed(2-3:4). Whenever
‘any-interfering substance(s) was{were) present in suffi-
~cient quantity or whenever the total interfering effect was
in-doubt, a preliminary distillation step was performedon
“the samples. oo

7 The fluoride content of samples without any interfer-
ence and those subjected to preliminary distillation were
determined by the SPADNS method using a Jonure II spectro
photometer at 570 nm. and 200C. Three standard curves-be-
tween 0-2, 2-4and 4-6 ppm F were produced. The pH values
and fluoride concentration of the Maco villages' water
-sources are shown in Table 1.

Results and Discussions

Out of 117 samples from Maco sources, 45 samples con-
tained less than 0.5 ppm, 15 contained 1.5 ppm or more,
and the remaining 55 were between 0.5 --1.5 ppm fluoride
content (Table 1). The distribution of these water sources

is shown in Fig. 2. .
) The pHof all the water sources lies between 6.1-8.9.
In the samples with the same pH values, the concentration
of fluoride is different. Samples with more than 1 ppm
fluoride content have a varied pH of between 7.6-8.9, and
are thus alkaline (Table 2). This property is possibly due
to the presence of major alkaline substances (3-5)and not -
mainly due to fluoride 1in spite of the fact that HF(PK
3.17) acts as a moderately weak acid in aqueous solutions
(6) and can affect the pH of alkaline waters.
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TABLE 2

 THE pH VALUES OF MACO SOURCES
CONTAIN MORE THAN 1 PPM FLUORIDE

No.. ~ Code pH(200C) F(ppm) .|
1 3741 7.6 1.05
2 37-2 7.6 1.19
3 422 7.6 1.24
4 55 7.6 - 1.45
5 9% 1.6 1.60
6 2 1.7 1.3
7 6 7.7 16
8 78-2 7.7 1.66
9 94 7.7 -1.01.
10 471 7.8 - 1.38
11 67 . 7.8 1.5
12 8 7.8 1.8
13 87 7.9 1.66
14 9% - 7.9 - 1.66
15 %5 80 . 179
16 72 80 o 1.60
17 76 . 8.0 1.75
18 28 81 1.2
19 - 90 e 1.68
20 74 8.2 1.04 .
21 75 8.2 1.25
22 104-3 - 8.2 1.60
23 43 8.3 1.14
24 77 8.3 1.59
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Code

pH(20°¢)

1.

No. F~ (ppm)
2% 89 8.3 1.05
.26 91 8.3 1.40

27 64 8.3 1.57
28 57 8.4 1.07

29 62 8.4 1.77

30 73 8.4 1.66

31 58 8.5 1.56

32 59 8.5 1.50 .

33 51 8.5 1,45

34 70-1 8.6 1.57

35 70-2 8.6 1.45

36 52 8.8 1.31

37 63 8.9 25
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FLUORIDE: ITS OCCURRENCE, ANALYSIS,
EFFECTS ON PLANTS, “DIAGNOSIS AND CONTROL.

by Dr. J4BsD- RObinSOﬂ ,

Long Ashton Research Station,

University of Bristol, _
‘and Ministry oF :Overseas Development,
" London. ' o

INTRODUCTION

~ “Fluoride very rarely occurs naturally in the elemental
form and when we consider relationships between this ele-
ment and plant productionwe are concerned with the fluor-
ide ion in compounds with other elements. The fluoride
“jon is widely distributed; it is a natural component of
rocks and soils and is present inplant and animal €issues.
-1t is not considered to be an essential element fer the
growth of plants, but is essential for animals. The midrgin
between safe and toxic levels particularly in animals, i$
a relatively narrow one. ERE

The pathological effects of excess fluoride in domes-
tic herbivores (dental fluorosis) were recognized in Ice-
land and described nearly 1,000 years.ago; they followed
feeding on grass contaminated by ash deposition after vol-
canic eruption. The adverse, toxic effects on plants were
- first recognized a 1ittle less than 100 years ago (1883)
followed by reports of damage to vegetation in areas sur-
rounding superphosphate and glass factories in Germany
(1893-1898).

Since the 1940's there has been a greater awareness
of and concern about, atmospheric fluoride pollution aris-
ing from industry. Whilst plants may tolerate high accumu-
lations of fluoride in the aerial parts particularly the
leaves, animals grazing on contaminated forage crops may
be adversely affected. ‘ o

Fluoride is the lightest of the four halogens; it is
very chemically active,violently oxidative and potentially
explosive in contact with inorganic and organic compounds.
It is inert towards oxygen and ozone, attacks water vigor-
ously and combines directly with many metals.. ' V

I have attempted to summarize present knowledge and
information about the occurrence of fluoride, its chemical
determination, its reaction with soils and plants, the
toxic symptoms inplants and the methods for preventing or
controlling excess fluoride when it is detected.




THE OCCURRENCE OF FLUORIDE

Natural Occurrence‘of Fluoride _

General values for naturally occurr1ng f]uor1de are
summarized in Table 1 (Bowen, 1966).

TABLE 1
SUMMARY OF FLUORIDE OCCURRENCE IN NATURE
MEDIAN VALUE OR RANGE
MATTER ~ (Parts.106 dm)
Igneous Rocks : o 625
Shales : ‘ , 740
Sandstones - 270
Limestones ‘ 330 .
Soils o 200 : 30-300
Land Plants* * o 0.5 - 40
Marine Plants o 4.5
River Water ~ - .. 0.09.
Sea Water L A 1.3~
Air - - i <0.01 g/m3
Land Animals: Bones : 1500.
L Soft Tissue N . 150 - 500
Marine Animals ' 2.0

Note: *Excluding accumulators

In Minerals: The fluoride content of some common
minerals 1S quoted by Brewer (1966) in percentages, as
follows: Biotite, trace - 4.23; Tourmaline, 0.06-1.19;
Muscovite, 0.12-1.26; Apatite, 1.31-3.86%.Fluospar, 48.9
and Phlogopite, 0.82-5.67. A

In Soils: Some examp]es¢yfthe total fluoride content
-of topsoils are given in Table 2 and Manley et al. (1975) -
present a summary of total fluoride values in soils of
'several other parts of the world.

It seems to be generally established that silt and
clay loam soils contain greater amounts of total fluoride
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than do lighter, sand soils (e.g. Brewer 1966; Manley et
al., 1974). Eysinga (1974) found a very close positive
correlation” for 102 Netherland cultivated soil samples,
_between total fluoride and the proportion of clay in the
-samples. . :It has frequently been observed that under na-
tural, surface-contamination-free and virgin conditions,.
fluoride generally increases with profile depth (Robinson
%fEdgington,:]946; Gorski & Stupnicka, 1961; McClenahen,
1976). . _ , .

In Plants: Median values or ranges of values for total
fluoride in plant foliage are summarized in Table 3. As
far as it is possible to be certain, plants for which these
analyses were made had not been exposed to abnormal levels
of fluoride in the soil, water or atmosphere.

Other plant species that are recognized as fluoride

accumu]ators_(sectionAB?‘Tabjg‘S), are Carya cordiformis,

Carya tomentosa, Fagopyrum saggitatum and Cornus florida
-(McClenahen, 1976). B g :

Eysinga (1972) has tabulated fluoride values for dif-
ferent parts of plants grown undera variety of conditions
without specific treatment with fluoride; his data refer
to nine vegetable species, maize (Zéa mays) and gladiolus
sp. Further healthy leaf data published for tomato are 23
parts 100 (Prince et al. 1949) and <8.2 parts 100 (Leone
et al., 1948), navel orange <10 parts 108 (Prince et al.,
1949), peach 6 parts 10° (Leone etal., 1948) and Robinson
& Edgington (1946) presented leaf values for 13 non-accumu-
lator plant species grown in a soil containing 137 (sur-
face) and 172 (subsurface) parts 106 fluoride, of median
value 7.4, range 1.7 to 28.3 parts 106 fluoride in the dry
matter. The broad general range of uncontaminated foliage
fluoride values for non-accumulator crops of commercial
significance seems to be quite well established. Neverthe-
less, a group of particularly fluoride sensitive plants is’
recognized some of which may serve as indicator crops (Istas
& Alaerts, 1974). :

: In Water: Rainwater will contain traces only of
fluoride unTess it falls through a polluted atmosphere,
gaseous or particulate, such as- may occur.after volcanic
eruptions or over an industrial ora coal burning city area.
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In New Zealand Manley et al. (1975) reported levels of
~ €0.05 (fresh water) and 0.15-0.22 (arfesian water) parts
106 fluoride; in Germany Kopf et al.-{1968) found a median
-value for 27 well waters of 0.14 parts . 10° fluoride with
only an occasional value >0.2. They noted that higher
fluoride content occurred in Timestone than in non-lime-
stone areas (0.128 versus 0.08 parts 109 fluoride); land
drainage waters froma silt loam (grey-brown podzolic soil)
contained 0.096-0.129 parts 106 fluoride. In the Nether-
lands tap water, much used in greenhouse culture and not
fluoridated contains 0.05-0.45 parts 106 fluoride (Koster,
1972) and Eysinga (1972) reports that.fresh water in the
Netherlands usually contains < 0.5 and land drainage waters
approximately 0.2 parts 106 fluoride respectively.

There are areas, often witha recent volcanic geology
where both surface and shallow groundwaters that are either
potential or actual sources for irrigation, contain high
levels of fluoride. Walker (1955) and Walker, and Milne
(1955) recorded fluoride levels in river waters rising on
an extinct volcano in the north eastern part of Tanzania
of 1.1 to 45.5.(median 13.0) parts 106.  In the Bhilwara
district of Rajasthan, India, 118 well waters used for crop
irrigation contained a ‘mean éweighted),level of 5.8 with:
a range of 2.1-24.0 parts 100 fluoride (Paliwal et al.,
1969), and Somani (1974) examined 166 well water samples
in the Udajpur district of Rajasthan and found a median
value of 4.5 with arange of 0.15-21.6 parts 106 fluoride.
~ He noted that the fluoride content of the well water in-
creased with the depth of the well in this region. -

In Air. Reference to Table 1 shows that uncontamin-
ated air contains little more thana trace of fluoride, but
it is difficultto locate published figures. for apparently
uncontaminated or normal air measured for agricultural pur-
poses. Istas & Alaerts (1974) do quote a range of 10~/ to

-5.10-6  g/m3. for fluoride compounds in uncontaminated air
i.e. country conditions, rising to10-> .g/m3 or higher in
cities. :

Artificial Occurrence of Fluoride

In Ferti1iiers. Some fertilizers, naturaT minerals
and artificial materials that are applied to soils to in-
crease plant productivity contain appreciable Tlevels of
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ﬂUQr1de as an 1mpur1ty Examp]es of the fluoride contents

of such matemals are given in Table 4.

v It will be noted in Table 4 fhat some of the range
’_va]ues of Swaine (1962) are much wider than figures quoted
“Tater in time for similar materials e.g. compare data for
‘basic s]ag or rock phosphates (Swaine, 1962 and Evsinga,
1972). This is attributed to the wider range of samples
and often much o]der analytical information given by Swaine.

The fluoride 1mpur1ty in phosphatic fertilizers and
that present naturally inphosphate rocks or as a contamin-
ant in industrial by-products or wastes, is comparat1ve1y
high and itis from these sources thatan appreciable guan-
tity of fluoride may get into regularly fertilized soils,
potting mixtures and horticultural growing media, e.g.
peat, compost, (Oelschldger, 1968; Kudzin & Pashova, 1970;
Larsen & Widdowson, 1971; Eysinga, 1971 1972,1974; Stewart,
et al., 1974). Commermal phosphate rocks all contain com-
bined phosphorus and fluorine in apatite mineral structures
associated with clacium (McClellan & Lehr, 1969; Lehr &
McClellan, 1972, 1973). - Bovay et al. (1969( reported en-
hanced crop uptake of - ﬂuomde from borinated compound
fertilizers attributed to the presence of KBFg.

Data for the fluoride content of fertilizers man’Uféic’-:
tured from specific phosphate rock are shown in Tab]e 5.

In Air. The damage that can be caused to trees, agm-
cultural and horticultural crops through exposure to aw
containing fluorides, particularly in gaseous form, is
generally recognized by the industrial nations. Atmospheric
pollutionwith fluorides occurs wherever natural materials
such as coal, clays, rock minerals or ores are heated or
when fluori de fluxes are used and waste products either
escape or are-vented into the atmosphere. Sources of such
pollution have been listed by MacIntire & Associates (1949),
Treshow (}971), Istas &Alaerts (1974), as industries con-
cerned with -phosphoric acid and superphosphate production,

aluminium works, steel foundmes, ‘glazing and enamelling-

works, glass ﬁmndmes, ‘processing of non-ferrous metals,
brick and tile works, fluorinated hydrocarbon and p]astms
production and the burning of coal.
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-~ Natural fluoride levels around 1argeAindu§tria1 com-
plexes can be raised as much_as one thousand fold, to
levels in excess of 10-4 g/m3 (Istas & Alaerts, 1974).

.These Tevels-may be generally toxic or plants (and, indi-
‘rectly to-animals following particle settlement on or ab-
.sorption ~of gases by forage crops) and particularly toxic

_to highly-susceptible plants such as peach or gladiolus

'i-'Thé;fokmé in which'f1uoride occurs in a polluted at-

mosphere-are (a) gases - HF, SiFg, HySiFg and CFg (b) dust
particles of NaF, CaFp (Fluorspar), NagAIFg (Cryolite),
AIF3,-NapSiFg and CaSiFg (c) aerosol form containing NaF,
NagXIFG and AIF3 (Bovay, 1969; Istas & Alaerts, '1974).
Fluoride toxicity to plants is greatest with gas pollution
of the atmosphere particularly HF (Compton, 1970; Istas &
Alaerts, 1974) and Teast with particulate matter the tox-
icity of which will depend upon particle size and solubil-
ity; toxicity of any aerosol will depend upon the chemical
form of the 1iquid(s) or solid(s) held in suspension.

In Water. Official_fluoridation of public water sup-
plied (0.8-1.6 parts 100) for dental reasons can have ad-
verse effects upon greenhouse flower crop production and
upon the appearance and 1ife of some cut flowers in vases
(Koster, 1972; Cruyn & Hulsman, 1972). Flowers like free-
sias grown in hydroponic cultures may be damaged by such
concintrations of fluoride in municipal waters (Koster,
1972). : '

Rainwater may be enriched by dissolving gaseous fluor-
ides or by removing fluoride containing particles from the
atmosphere and conveying them to the vegetation and the
soil (Davison et al., 1976). MacIntire & Associates(1949)
reported flueride Tevels inrainwater increased from0-0.02
to 0.06-1.23 parts 106 in the vicinity of ‘a soft coal-
burning town. Conversely, there will be situations 'in
which crops already polluted with particulate fluoride from
the atmosphere will have some of it washed off and even
leaf fluorides leached out, by rainfall whichwill transfer
it to the soil. In times of drought and in arid areas
irrigation with water containing fluorides will directly
increase soil (surface irrigation) or both plantandsoil
(overhead irrigation) fluorides, but thereis little infor-
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mation on this subject.

Zimmerman et al. (1957) reported that an infusion of
commercial tea (1 tea bag to approximately 128 ml water)
ra1sed the’ f1u0r1de Tevel in the water by 0.8- 1 7 . parts
106. , . s

In Other Materials. Fluoride may occur in wood pre-
servatives, herbicides, pesticides and glass cleaners
(Eysinga, 1972). They may represent local pollutant po-
tential and an awareness of possible side effects is always
necessary when handling such materials; inmany cases when
handled and applied correctly, the quantity of fluoride
involved may be quite small. For example, the app11cat1on
of Norfluorazon selective herbicide (C12H CIF3N30
‘cotton at a rate of 2 Kg a.i./ha would add 1y 37% g per
application. A

FLUORIDE ANALYSIS METHODS

The determ1nat1on of f1u0r1de1r1agr1cu1tura1 samnles
has been greatly facilitated by development of the fluoride
ion specific electrode e.g. Phillips IS 550F; Beckman
Select Ion 39650 and 39600, Orion 94 - 09, which has large-
Ty rep]aced titrimetric or spectrophotometr1c methods

5011

The valuenmst:frequently determined is total. f]uor1de '
(Brewer, 1965, 19663 Hall, 1968; Hesse, 1971; McClenahen &
Schulz, 1976) fo]lowed by. water so]uble f]uor1de (Brewer,
1965, 19663 Hall, 1968; Hesse, 1971). Since only the sol-
uble soil f1uor1de is available to the plantitisassumed
that total and . soluble levels are c]ose]yre]atedthouah
- there is 1ittle published evidence on this point. .- More
recent determinations of acid labile (Hall, 1968; Hal] &
Cain, 1972) and resin absorbed fluoride (Larsen & Widdow-
son, 1971; Eysinga, 1974) have been made as more direct
measures of p]ant available soil f1u0r1de

There is some d1fference of op1mon about the compar-.

ative merits of single (McClenahen & Schulz, 1976) versus
double acid distillation (Brewer, 1965, 1966; Hesse, 1971)
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hing or fusion technique.{Ha11, 1968; Hall & Cain.,

- 719723 Suketa et-al., 1975) for so]ub1]1z1ng the fluoride

~ftotaJTy, though for large numbers of samples the first
‘method - is less troublesome, faster and may be generally
satisfactory (a simple comparison on representative soil -
}samp]es will decide this point).

, T1tr1metr1c (Brewer, 1965 Hesse, 1971) and spectro-
photometric (Hall, 1968; Yamazoe, 1970) techniques for
measuring the fluoride concentration have been described
as has the newer fluoride-ion specific electrode technique
(Verloo & Cottenie, 1969; McClenahen & Schulz, 1976).

Extraction of soluble soil fluoride 1is usually made
with water atso11(a1r dry) to water ratios notwider than
1:3 though Larsen & Widdowson (197]) used 0.01 M CaCls
for this purpose.

Plants

As for soils there are several alternative methods
available for bringing fluorides intosolution. Hall (1968)
recommends careful ashing followed by KOH fusion to ensure
conversion of fluorosilicates into fluorides. The more
recently described AOAC method involves a s1mp1er acid/
alkali extraction (AOAC, 1975; Jacobson & Heller, 1975),
but Van Den Heede et al. (1975) describe a Tow temperature
ashing procedure which gave the best recovery -in their
samp]es since it included both organic and insoluble in-
organic fluorides wh1chareruﬂ:1nc1uded1rxthe ADAC deter-
mination. : .

If a fluoride-ion specific e]ectrode is not used in
the analysis, details of a spectrophotometric method is
given by Hall (1968) or a standard thorium nitrate back-
titration technique may be applied after ashing and dis-
tillation from perchloric acid (AOAC, 1970), though th1s
15 less accurate at low fluoride levels.

Phosphate Rock and Phosphate Fert1]12er

__.Evans et al. (1970) comoared four f]uor1de so]ub111—
sation methods and determination by either colourimetric
or fldoride electrode methods‘for phosphate rocks. They
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concluded that dilute perchloric acid digestion and the
fluoride-ion specific electrode was comparable with and
much faster than, the standard method. N

With slight modification they deve]opedéistubinséa
tion method coupled with the useof the fluoride electrode
for phosphatic fertilizers (Evans et al., 1971).

Rogers (1973) reported fluoride-ion specific  elec-
trode methods for phosphate fertilizer plant effluents
(gases and scrubber Tiquors) aswellas for phosphate rocks
and fertilizers.

'vWatef

Water samples may be examined directly for soluble
fluoride; suitable treatment of free organic fluoride be-
fore either colourimetricor fluoride electrode determina-
- tion, may be taken if necessary.

FLUORIDE IN SOILS

The fluoride in soilsis commonly present inmicaceous
clays, common fluoro-mineralsas cryolite (Na3AlIFg),fluoro-
“spar (CaF2), fluorapatite (CagF(P0s)3) and silliate (MgFo)
and is related to the soil parent material;7it is~present
in soil solutionor absorbed as ions, and as undissociated
compounds (Brewer, 1965, 1966; Bowen, 19663 Eysinga, 1972).

* The fluoride contentof the soil is increased locally
by fluorides froma polluted atmosphere (MacIntire, Sterges
& Shaw, 1955; Compton, 1970; McClenahen, 1976), by water
used to irrigate crops and by persistent use of phosphatic
fertilizers or of . phosphate rock applications (Brewer,
1965, 1966; Oelschldger, 1968; Kudzin & Pashova, 19703
Larsen & Widdowson, 1971; Eysinga, 1971, 1974). When super-
phosphate fertilizer is applied to forage crops for graz-
ing, physical ingestionof fluoride contaminant for ashort
period after treatment may be more significant than uptake
from soil residues via the forage (Stewartetal.,1974).
Most of the added fluorideis retained by heavier textured
<0ils whereas light sand-soils retain less (Robinson &
Edgington, 1946; Brewer, 1966). In acid soils a lesser
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proportion of fluoride is retained and a greater propor-
tion of that which remains may be ina soluble form (Treshow,
1971). According to him soluble fluorides present in acid

soils derived from atmospheric sources may present more
of a threat to plants. Retention in acid soils is pri-
marily as aluminium complexes (Bower & Hatcher, 1967), in
neutral to calcareous soils containing donic calcium,
fluoride retention 1is largely in the form of fluorspar

(Brewer, 1966; Eysinga, 1972) and fluorapatite. In con-
taminated soils the neutral pattern of - distribution is

changed and the surface layers contain more fluoride than
there is lower down in the profile (Larsen & Widdowson,
1971; McClenahen, 1976).

Total soil fluoride is not usually re]ated'm3f1udride'

uptake by plants (Brewer, 1966; Treshow, 1971; Hall &
Cain, 1972; Cooke et al., 1976; Webber, 1977), 'which is
measured in the leaves or less commonly, in the above-ground

parts of the plant. Uptake is influenced by many soil fac-

tors about which there is an extensive literature; among
the more important are pH, phosphate, calcium, clay and

organic matter content (Brewer, 1966; Eysinga, 1972; Cooke

et al., 1976; McClenahen, 1976), as well as plant factors
which are discussed later. The higher the levels of ‘these
factors inasoil the more readily is fluoride rendered un-
available. .

It seems reasonable to suppose that the soluble, or
the labile, rather than the total fluorides in soils will
be related closely toplant uptake. Measurements of water-
soluble fluorides have been made and examg]es‘of’leve1s
found are, Belgian soils: 0.1-8.0 parts 10 (Bertrand &
Wolf, 1970); English soils using 0.01 M CaClp: all less
than 0.2 parts 100 and this method showed a measurable in-
crease in soluble fluoride for agricultural soils that had
received 38 Kg P/haof fertilizer annually for seven years
(Larsen & Widdowson, 1971). Uptake of fluoride by various

plant species growingon fluorspar mine wastes was not re-_
lated to water-soluble soild fluoride (Cookeetal., 1976)

neither were Hall & Cain (1972)- able torelate water solu-
ble fluoride but Eysinga (1974) did find a positive rela-
tionship. ; ‘ _

Measurement of labile soil fluoride by resin absorp-
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tion (Larsen & Widdowson, 1971) gave. a mean value of 20
parts 106 for agricultural soils and these workers found-
that the resin labile fluoride a?reed closely with iso-
topically exchangeable fluoride (I8F) in the soils. They
also found s1an1f1cant1y higher values in arable soils
treated regularlywith superphosphate fertilizer and Man'ley;
et al. (1974) found increased resin labile fluoride resi-
dues 1in a pasture soil after phosphorus fertilizer top
dressing treatment. In his study on fluoride uptake by
crops Eysinga (1974) found that the resin labile fluoride
value was negatively correlated with the percentage of
calcium carbonate inhis soils, calcareous soils being low
in Tabile fluoride. He also found that it was related to
the leaf fluoride level in freesia plants. For comparing
active fluoride levels in soils this method would seem to
merit further study.

Plants which accumulate fluoride in the roots (Cooke
et al., 1976) or which have a selective mechanism that im-
pedes uptake (Koster, 1972) complicate relationships be-
tween soil and foliar analyses. Concentrations of fluoride
in the substrate and in foliage samples have been corre-
lated under nutrient culture conditions, in greenhouse
studies with soluble fluoride compounds e.g. NaF and with
acid soils, but information about such re1at1onsh1ps is
rarer under f1e1d cond1t1ons

The presence of fluorides 1in the soil will lead to
uptake by crops in varying degrees for different species,
clones or even varieties (Koster, 1972), but it has been
generally accepted that plant toxicity (N.B. not toxicity
to animal or human following the ingestion of plant mate-
rial) arising from soil fluoride even on acid soils is un-
1ikely to be a maJor prob]em

FLUORIDE IN PLANTS .

Type of Fluoride

Hall (1968) broadly grouped the fluorine-containing
compounds in plants as:

i. simple, inorganic fluorides that are water and
dilute acid extractable, and inorganic compounds
that are perchloric acid diffusible, possibly
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inorganic fluorophosphates,

ii. alkali labile, shortand]ong chain carbon-fluor-
ine compounds soluble in 0rgan1c solvents.

P]ants may be grouped broadly into:

‘(a) toxic plants Wh]Ch contain fluorocitrate or
fluoroacetate, suchas Dichapetalum cymosum from
Soutg Africa, and other tropical species (Hall,
1972 ‘

(b) fluoride accumulators e.g. Camellia spp, Carya
' cordiformis (Zimmerman & H1tchcock -1956;
McClenahen, 1976).

(¢) non- accumu]atorswhichrangefrmnf]doride sensi-
‘ tive e.g. Fressia sp. to fluoride tolerant e.g
Lycopersicon escu]entum (Istas & Alaerts, 1974).

Part on]y of the fluorideingroup (a) plants is con-
verted into organic compounds (Hall 1972) whereas all the
fluoride in group (b) and (c) plants examined by Zimmerman
et al. (1957) was reported by them to be inorganic. We do
not have sufficient information to be sure about the de-
tailed distribution for plants of group (a) and perhaps
group (b) and (c) plants as well but there may be a rela-
tionship between plant species, the source, the form, and
the level of the fluoride compounds to which they are ex-
posed. Lovelace et al. (1968) and Istas & Alaerts (1974)
have reported fluoride conversion to, and accumulation as
both fluoroacetate and fluorocitrate in otherwise healthy
Tooking plants exposed to high levels of HF in the atmos-
phere; but Cooke et al. (1976) could not find any organic
fluoride in grass or clover species grown on fluorspar
waste with high fluoride, even .though some of the plants
accumulated very high fluoride levels. They concluded that -
the fluoride which was largely present in a non-ionisable
(1nact1ve) form, consisted of calcium, magnesium, alumin-
ium and silicate complexes. Their finding that the fluor-
jde was inorganic supports earlier, pioneer work in this
field by Peters & Shorthouse (1964).

Uptake of Fluoride
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Fluoride may be taken up through the roots or through
the Teaves of plants. When taken up via the roots it may
accumulate 1in them, but when translocated from the roots
it normally accumulates in the foliage, particularly in
the apical regicns. Fluoride absorbed by foliage through
the stomata, and studies have generally been concerned with
gaseous fluorides, also accumulates in the apical leaf
tissue and 1is not as a rule translocated into the stems
and roots (Brewer, 1966; Cormis, 1968a, 1968b; Compton,
19705 Treshow 1971; Eysinga, 1972, 1974). Jacobson (1966)
stated that fluoride always moved in the direction of the
transpiration streamand did not move into non-transpiring
areas. :

- The fluoride content of plant stems and fruit is
generally low whereas the leaf content is high, when taken
up via the roots (Eysinga, 1972). Comparison of leaf and
seed levels for grasses, clover and broad-leaved plants by
Cooke etal. (1976) show that in some cases sead levels are
higher and in some lower than leaf levels. Data reported.
for maize (Zea mays) (Hitchcock et al., 1964; Kudzin &
Pashova, 1970) wine grapes (Breweretal., 1957) and navel
orange (Breweretal., 1959, 1967) show that seedor fruits
often. do have the lowest fluoride concentration  in the
above-ground portions of the plant or tree. Koster (1972)
states that there is no relationship between fluoride in
the roots and its concentration in the leaves, but that
there is a relationship between the quantity of fluoride.
in the 1leaf and visible dinjury (for a particular plant
species or cultivar). - : ‘ s

vF]uoride Biochemistry

Treshow (1971) reviewed this subject extensively but
there is not a great deal of very detailed information
available. : : :

In his categorization of fluoride effects on plants
McCune (1969) included changes inphysiological processes,
metabolic activities and cellular structures in the absence
of measurable changes in growth or yield.  Treshow (1971)
added an extra category covering cytogenetic effects.

Treshow (1971) presumed that fluoride which accumu-
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lated in leaf tips and margins passes into the mesophyll
ce]1s and Istas_&AJaerts (1974) refer to gaseous fluoride
entering the leaf via stomata, being absorbed by the
mesophyll cells from the intercellular spaces. Ledbetter
et al. (1959) reported that the concentration of fluoride
in-tomato p]ants derived from HF decreasedin tissues from
cell wal]s “through ch]oroo]asts, soluble proteins and
mitochondria to mitosomes. Chang & Thompson (1966a) found
the - greatest concentration of fluoride, possible 60 parts
102, in the chloroplasts of navel orange 1eaves ]

It1svnde]y reported that increased fluoride concen-
trations disturb photosvnthesis, carbohydrate metabolism
and water relations causing more intensive respiration,
growth retardation, chlorosis, wilting, plasmolysis and
collapse of cells followed by necrosis. Chloroplast break-
down occurs and synthesis of pigments by themis inhibited
so that amountsofch]orophy]] leaf carotenoids and'other
soluble magnesium constituents decrease whilst the amounts
of free amino acids increase (Treshow, 1971; Koster, 1972
Istas & Alaerts, 1974).

Enzyme activity is inhibited, notably ATP whiCh'is
concerned with carbohydrate breakdown, enolase, phosphory-
lases and cholinesterase. This effect is probably attri-
butable to the formation of fluormetal complexes. Inter-
ference with carbohydrate metabolism results in retarded
growth and increased respiratory rate as has been shown by
different  workers for Kalanchoe spp, maize, Brassica
oleracae var acephala and Pisum sativum (Koster, ]972)

Fluoride effects have also been reportedforrﬂce un-
der water culture conditions and exposed to HF (Yamazoe &
Nakamura, 1960), for photosynthesis and respiration of
three pine and six hardwood trees using detached needle
or leaf specimens (McLaughlin & Barnes, 1975) and for the
seedling growth of Pinus taeda and Acer rubrum (Davis &
Barnes, 1973).

The cytogenetic effects were reported'ﬁn"germ1nat1naf
root growth of Zea mays (Chang & Thompson, 1966b), and
for fumigated Lycopersicon esculentum and Phaseolus vul-
garis plants when exposed to 2-10 g/m3 HF, as d1scussed
by Treshow (1971).
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PLANT SYMPTOMS AND DIAGNOSIS OF FLUORIDE STATUS

Symptoms of Tokic F]uor1de

“The symptoms and effects of toxic fluoride ]eve]s are
caused by accumulation inplants which vary widely in their
sensitiveness to injury. Differences in susceptibility
occur not only between species, but may be present between
varieties e.g. Gladiolus cvs. or individual plants within
a clone e.g. Gerbera sp. Susceptibility is regulated by
the degree of translocation within the plant; where atmo-
shperic pollution 1is present non-susceptible plants may
accumulate fluoride on the 1leaf surfaces from whence it
can be washed off.

The common visual symptoms of toxicity are descr1bed
as follows:

Monocotyledons - on susceptible crops ch]oros1s fo]-
lowed by necrosis starting from the 1leaf tips and moving
towards the leaf base. On maize and Sorghum spp. which
are not particularly sensitive, symptoms genera1]y develop
as a ch]oros1s without marg1na1 necros1s

D1coty1edons-ch10ros1s and necrosis of leaf margins.
In some plant species necrosis is preceded by grey or 1ight
green, water-s oaked areas on the leaf most easily seen by
transmitted light, which may later desiccate and turntoa
tan or red-brown colour e.g. Pisum sativum.

The fruits of some plant species are highly sensitive.
The peac. fruit develops “symptoms known as red blotch of
the sutur. . the skin splits in this region and develops a
bright red-coloured halo on each of the cheeks. The apri-
cot develops similar symptoms and necrosis. can occur on
p]um, cherry, pear and apple fruits.

Flowers - flowers are seldom attacked out51de, but
fluoride in the vase water of cut flowers can cause necrosis
of the sepals and petals. ’ _

Pine Trees - the voung needles develop tip burn.

Reference to symptoms of specific crops are reported
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by Hurd-Karrer (1950) . for Japanese buckwater leaves, by
Zimmerman & Hitchcock (1956) for peach, sweetcorn and to-
mato Teaves; by Benson (1959) for peach fruits and by Brewer
(1966), Bovay (1969), Spierings (1969), Compton (1970),
Treshow (1971), Evsinga (1972), Koster (1972) and Istas &

Alaerts (1974) for a number of different crops. MaclLean

et al. (1973) were able to show that visual tomato symptoms
are the same whether the fluoride is accumulated through
the roots or through the leaves. Photographic illustra-
tions of plant symptoms are reported by Brewer (1966) for
apricot, grapefruit, gladiolus, roses and maize leaves; by
Bovay (1969) for apricot leaves and fruits, pear fruit,
Berberis vulgaris and Colchicumautumnale leaves:; by Eysinga
(1971, 1974) for freesia leaves, by Poole & Conover .(1973)
for Cordyline terminalis and for tea, which is awell-known
?1uor;de accumulator, by Pethiyagoda & Krishnapillai
1971).

Other symptoms of fluoride toxicity of ]eés primary
value for diagnosis, but of significance inproduction, are
growth retardation, wilting ~and in some species death

(Koster 1972). Clearly it is necessary to be extremely.

careful in makinga diagnosis on the basis of visual symp-
toms alone since these may be confused with other nutri-
tional e.g. salt excess, or disease disorders for many
crops. Previous reference has been made to other factors
that can influence the uptake of fluoride by plants viz.
soil pH and rainfall; but toxic effects may also be modi-
fied by temperature which increases the likelihood of dam-
age as it rises (Treshow, 1971), but the season (Eysinga
1974), by the stage of plant development when they may be
more severe in young stages of growth, e.g. the sensitive
needle emergence period for pine trees with atmospheric
pollution. The sensitivity of a crop to fluoride damage
may also be influenced by its nutritional status.

Atmospheric fluoride damage on commercial apricots
and wine grapes was severe when mixed fertilizer applica-
tions made in the Spring contained potassium, present as
the chloride, but not when itwas present as the sulphate.
If no fertilizer was applied or if it was appliedin the
Autumn and not the Spring, no visible necrosis developed
(Bovay et al., 1969). The beneficial effect of calcium in
reducing fluoride uptake through the roots by maize (NHgF
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-in nutrient culture) has been demonstrated by Gligny et
al. (1973). Deficiencies of Mg, Ca orKin tomatoes (sand/
nutrient culture) which were exposéd to fluoride either as
NaF in solutionor HF gas to the leaves, produced different
results. Fluoride accumulation in leaves was suppressed
by Mg deficiency, enhanced by K deficiency. and  unaffected
by a Ca deficiency. The necrotic symptoms onapical leaves
were dincreased by deficiencies of Ca and K, but not Mg
(MacLean et al..1969). : o :

Fluoride may also adversely affect seed germination
and root growth. Morse (1935) reported laboratory, green-
house and field tests with contaminated single and double
superphosphate fertilizers demonstrating this for maize.
This damage could be prevented by thoroughly mixing the
fertilizer with the soil, correct placement in the soil
not too close to or above the seed or by allowing it to
react with the soil before sowing the seed. Specht &
MacIntire (1961) alsc found that after allowinga reaction
time fluoride retained in acid sandy soils lowin iron and
aluminium ~did not reduce the germination of Pasapalum
- notatum seed. Conversely, seeds that were soaked in solu-
ble fluoride solutions (NaF) had their germination sup-
pressed though at differing concentrations viz. pea and
soyabean at 0.5,vetch and cabbage at 1.0, radish, barley,
and coleat 1.5 maize, cauliflower, lucerne, mustard, oats,
clover and kohlrabi at 3.0 parts 100 of fluoride; carrot,
poppy and tomato seed germinationwas only partly inhibited
at the highest concentration (Navarra et al. 1966). The
toxicity of this fluoride compound and venetration of the
testa could account for this adverse effect since Cooke et
al. (1976) found that seeds of Minuartia verna and Rumex
obtusifolus harvested from plants containing substantial
quantities of soil-derived fluoride, and themselves con-
taining high natural Tevels of fluoride, i.e. 10,480 and
- 1,248 ug/Fg respectively, germinated well. Two-day-old
germinated seedlings were analysed after removal of the
seed coat and were found to contain only 31 and 37 ugF/g
respectively; mostof the fluoride was associated with the
seed ‘coat, presumably in a naturally inactive form.

Damage caused to flower crops by fluoride in irriga-
tion water, in hydroponic cultures and in vase water for
cut flowers, has been reviewed by Koster (1972). Irriga-
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tion water containing hydrofluosilicic acid (HoSiFg) pro-

viding up to 10 parts 10% fluoride was without observable
effect uponawide range of flower species including Azalea,
Calceolaria, Cyclamen, Freesia and Saintpaulia. A total
of 6g of NaF applied in the dirrigation water weekly to

fg]adio]us cv. Snow Princess caused a reduction 1in fresh

weight, an increase inleaf tip necrosis and a decrease in
flower numbers whereas it had no apparent effect on the
cv. Valeria. ‘

Fluoride (as KF) in hydrogonic solutions at concen-
trations of 1, 2 and 5 parts 10° caused moderate to severe
leaf edge necrosis to Freesia cv. Golden Yellow.

Fluoride in the vase water of cut flowers may cause
damage to sensitive species at quite low concentrations.

Thus from1 to 8 parts 106 fluoride as HpSiFg or NagSiFg in

vase water caused damage to a number of flowers including
carnation, gerbera, gladiolus and tulip cultivars; damage
occurred to the petals, sepals, and leaf tips usually as a

colour change or necrotic spots on flower parts or as nec-

rosis of leaf tips and leaf edges.

Diagnosis and Detection of Fluoride Status

A firm dfagnosis of fluoride damage: cannot be con-
fidently made by observing visual plant symptoms alone;
supplementary information is necessary.

Soil or substrate analysis will not provide:the ne-
cessary - supplementary information for no universal rela-
tionships between soil (total, 1labile or water soluble)
and plant fluoride levels have been established for plant
species nor is it 1ikely that such associations will be
found. Soil analysis isavaluable tool for site compari-
son or survey purposes on a Jlocal basis and may be of
greatest significance and value in studies of horticultural
and particularly greenhouse problems. Eysinga (1974)found
that both water soluble and resin labile fluoride values
were correlated with foliar fluoride in freesias, taken. up
through the roots, in the Netherlands. ' ' :

Chemical analysis of leaves or of the whole above
ground plant parts is an essential part of fluoride tox-
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icity diagnosis (Raay 1969; Compton, 1970) and when asso- .
ciated with observat1onscnx1nd1cator plants, to the moni-
toring of fluoride contaimination or po]]ut1on In recent
years most of the studies reported using these techniques
have been .concerned with atmospheric po]]ut1on, but. where
the presence of. fluoride in this form is either absent or
of minor concern as in many developing agricultural areas
remote from industrial sites and city complexes, they may
be applied to soil and water contamination studies. -

- Differentiation between plant species and cultivars
that are sensitive or insensitive (resistent) to higher
than normal fluoride concentrations have been drawn up by
many workers and there is only general agreement. Indi-
vidual lists of relative fluoride susceptibility often show
variation in the ranking of the species (Davison et al.
1974) because of the many environmental and physiological
factors that can affect the fluoride status of a plant.
Furthermore, it may be .essential to differentiate quite
carefully between species on the basis of uptake either via
the roots.or through the leaves. = Brewer et al. (1959)
found ~that navel orange trees supplied with ‘fluoride
in nutrient solution culture accumulated much less in the
- tops of the trees than was found after exposure to gaseous
- fluoride for a much shorter time and atiaconcentrat1on of
only 1 part 2. 103 as great.

Appendix I 1ists plants divided between sens1t1ve and
insensitive species/cultivars reported by various workers.
Such information should assist workers to select alterna-
tive. plants or to establish related species that will
thrive best under local "conditions, may be more easily
availableandwill bestsuit their particular requirements. -

~Certain plant species and cultivars " have been pro-
posed as indicator plants of fluoride contamination/pollu-
tion. Some of these are listed in Appendix. 2. Raay (1969)
observed that sequential sampling and analysis of grasses
provides a good indication of fluoride accumulation if the
intervals between samplings are short, say 7-14 days, and
the same plants are sampled on each occasion.

Davison et al. (1974) have proposed a laboratory test
as a measure of susceptibility -of plants to - gaseous
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fluoride which consists of p]ac1ng 10 mm. of the base of
mature, non-senescant leaves in a range of fluoride solu-
- tions- (0-100. ugF/ml as pure reagent grade NaF) ina grownh
‘cabinet- for24. hcurs, ‘followed by 48 hours immersion in .
defonised water. Tissue damage is assessed over the 48 -
hour. period after which leaves are washed, sectioned, dried
and ana]ysed The percentage of leaf area that developed
necrosis for.a species or cultivar was positively related
to. the :“concentration of fluoride in the solution. The
maximum-concentration of fluoride in the test solution that
produced leaf damage on a number of different species and
cultivars is shown in Table 6. The results clearly illus-
trate differential sensitivity to fluoride under the test
cond1t1ons .

TABLE 6

COMPARISON OF THE REACTIONS OF SPECIES AND CULTIVARS TO

FLUORIDE CONCENTRATION IN THE FLUORIDE SUSCEPTIBILITY TEST
N (Davison et al. 1974) -

e MINIMUM CONCENTRATION FOR
~ SPECIES PRONOUNCED LEAF DAMAGE

(ugF/m1)
Gladiolus cv. Snow Princess B o
Crocus (unknown cv.) <5
Tulipa (unknown cv.) 4 _ <5
[Narcissus poeticus cv. - 5
Muscari (unknown cv.) ' 10
Chionodoxa (unknown cv.) 1 10
Galanthus nivalis | | 25
NarciSsuéhcv.uKing Alfred . 50

Endymion non-scriptus . >100

Critical Fluoride Le?els-in Plants’
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Although foliar analysis data may be used to diagnose
fluoride-induced symptoms or to monitor accumulation in
plants, particularly monocotyledons, they do not indicate
the duration, frequency or concentration of contamination/
pollution under field conditions. : S

Use of the foliar analysis technique requires great
care in the selection and preparationof standard samples;
this is particularly important with fluoride whichis tox-
ic, accumulated and not mobile or recycled within  the
plant. Since fluoride is concentrated in the leaf tips
and leaf margins (refer Table 7) the sample taken should
be for a standard leaf or leaf portion, of known physio-
logical age. ’ :

TABLE 7 .
EXAMPLES OF FLUORIDE IN DIFFERENTAPARTS
AND AGES OF MONOCOTYLEDON -PLANT LEAVES -
(ugF/g dm)
SPECIES AND- LEAF AGE . SAMPLE AND LEAF PART
{1. Avena Sativa 0-7.5 7.5-15 15-22.5 22.5-30 cm
Tip 180 32 16 12
Middle : 226 53 25 -
_Basal 251 60 27 -
2. o : 0-5 cm- Rest
Holcus lanatus 174 103
Desci "mpsia cespitosa 106 79

Dacty 3 glqmerata 615 278-

1

Note: 1 = Compton (1970); 2 = Cooke et al. (1976)

It is necessary to differentiate between the internal
and external (surface) leaf fluoride particularly when the
source of pollution is airborne, whether gaseous, particu-
late, suspended or dissolved in water. Surface deposits
should be removed without injuring the Teaf and without
Teaching internal fluoride away.
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- At Long Ashton‘Research.Station'ﬁnﬂgenera]vanaTysis,

we immerse Teaves in0.1 parts 102 v/v Teepol solution for

15 seconds with gentle wiping of the sample (Bould et al. -

1974); Compton (1970) lists cleaning treatments with de-
-tergent solution-alone, detergent plus EDTA, acid-detergent
or-Alconox-EDTA.. More recently Cooke et al.(1976) compared
several-washing procedures and found that (i) washing with
deionised water alone or with 0.05 to 0.1 parts 102 v/v
Teepol was unsatisfactory and didnot remove surface parti-
culates completely (ii) a 0.3 M hydrochloric acid wash
caused leaching of internal leaf fluoride and (iii) satis-
factory methods were (a) 0.2 parts 102 v/v Teepol or (b)
0.1 v/v Teepol plus 0.1 w/v EDTA, followed by four rinsec
in deionised water. Samples were brushed and agitated for
one minute in these solutions. ,

When sampling by comparative analysis to determine
the change 1in supply and the degree of accumulation i.e.
an index of supply and an index of accumulation, it is
necessary to sample leaves sequentially in time, in terms
of (i) comparable physiological leaf age and (ii) compar-
able actual Teaf age. If the plant continues to produce

leaves during some or all of the sampling period this could.

be resolved by taking sampies of (say) the first fully
mature leaf at each sampling time to give the index of sup-

ply together with the first, third and sixth fully mature

leaf when the first samples are taken followed at later
sampling times, by the same actual aged leaves when they
may by that time be in the second, fourth and seventh pos-
itions, etc. Very little critical work seems to have been

published on this sort of sampling for fluoride toxicity

evaluation.

Leaf samples should be taken from the apical parts of
monocotyledonous plants and whole leaves may be taken for
dicotyledons, selecting the youngest fully mature leaf as
the starting point. The highest fluoride Tevels in Avena
sativa were found in the apical 0-7.5 cm; for grasses, in
the apical 0-5 cm (refer Table 7). Eysinga (1971) working
with freesias sampled the 1leaf tips when relating leaf
fluoridewith fertilizer treatment but later (Eysinga 1974)
he compared the apical 15 cm with the whole (above-ground)
plant and obtained results favouring the latter sample.
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Brewer (1966) 1lists the fluoride content of plant
parts with special reference to tox1c1ty; for a total of
158 sets of data covering 52 plant species, only 23 sets of-
data on 15 species concern crops grown on soils without
possible atmospheric contamination nearby. -Other and in
“many cases more recent data about critical levels, -thres-

hold values and fluoride concentrations assoc1ated w1tha
toxic symptoms are summarized in Append1x 3. o -

Although the values for normal, healthy crOps ‘are
generally comparable the values for threshold or ‘above
normal' levels at which no visible symptoms have been de-
tected, are extremely variable. This may, of course, re-
flect differences between plant species and/or the influ-
ence of treatment conditions, fluoride source, environmen=
tal differences or interactions among the investigations
reported. Whatever the reasons it is difficult to estab-
lish mena1ngfu1 critical levels  with any real degree of
precision though it is possible with present knowledge to
d1fferent1ate between norma] and abnormal (h1gh) 1eve]s

THE EFFECTS OF HIGH FLUORIDE LEVELS ON CROP PRODUCTION

Nh1lstqua11tat1ve1nformat10naboutf1u0r1de tox1c1ty
effects on crops is available there is.relatively little
quantitative information published espec1a11yunderf1e1d-
problem situations. ,

Heavy atmospheric po]]ut1onhascausedthetota] death
of plant and tree species but the condition is generally
observed over a relatively small area. It seems likely
that'a more serious effect may be present at the sub-lethal
level causing reduced crop productivity. It is generally
agreed that exposure to gaseous fluoride is more damaging
than either particulate matter in the atmosphere or to
fluoride in the sot1 (Hanson et al., 1958; Compton, 19703
Treshow, 1971).

Leaf chlorosis#necrosis will reduCe photosynthetic
efficiency; reduced plant growth leaf size, “physiologi-
- cal”.wilt and root damage may all be expected to contribute
_ to lower end-point yields.

Thus, Robak (1969) reported the death of Pinus sylves-
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“tris through air pollution, Rhoades &Brennan (1975)repor—
ted defoliation but not death, of Pseudotsuga ~menziesii
“and Prunus persica; Brewer et al, (1957) ‘veported  yield
reductions- of 15 and 22 parts 102 in bearing - Washington
navel” ‘oranges after premature leaf drop and reduced leaf
size; but-no.reduction in fruit quality. The trees were
‘treated for 6 years with sprays of dilute NaF solutions
{.00125 and .0025N) receiving 15 sprays1na]]andthev1e1d
reduct1on was .observed from year 3. :

Koster (1972) summarized data on the reduction of
f]ower yields and flower damage in several susceptible
species, attributable €0 fluoride in the soil or substrate -
and1r1the irrigation water. Koster (1972), Bruyn & Hulsman
(1972) also noted that the quality of susceptible species
of vase flowers, and hence the economic value, was reduced
due to damage from fluoride in the vase water.

When soil, water or the atmosphere contain fluoride
at levels ' thought to be harmful to plants the situation
~should be clearly defined and characterised in the initial
phase, after whichacritical evaluation of the effects on
plant yields, crop qua11ty and économics should be under;

taken

THE CONTROL OF EXCESS FLUORIDE

The adverse effects of plant exposure to high fluori de
po]]ut1on/contam1nat1on may be overcome by growing resis-
tant species and tolerant varieties provided the end pro-
duct does not itself contain undesirably high fluoride
levels e.g. animal forages or food crops  for human con-
sumption. A more satisfactory solution is the prevent1on
or removal of fluoride po]]ut1on within the plant env1ron—
ment by contro] or elimination of the source. : :

In Soils’
A process that accelerates the removal of active
fluoride from the soil to another part of the environment

e.g. the ground water, is not necessarily an accepuﬂﬂeso—j
lution to soil decontam1nat1on. .

Under 1rr1gated, dry land farming conditions it is
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possible to avoid concentration of soluble fluoride.in the
surface soil which may have occurred-through upward water
movement, by applying heavy irrigation treatments to leach
it outof the profile which may be considered as a natural
chromatographic column (Graham-Bryce, 1973). Mov1na so]u-,‘
ble f1u0r1de1rlth1s manner may also COHtP]bUtE‘U)]tS -con=
version to insoluble forms or to b1o]og1ca1 1nact1vat1on
within the soil profile. . .

Liming acid soils or where Timing is not'des1rab1e
the application of gypsum (CaS0O4), both " in finely ground
form, will render soluble f1u0r1de insoluble. Larsen &
Widdowson (1971) found that resin labile soil fluoride was
least soluble at about pH 6.0; Brewer (1966) recommends
raising the pH of acid soils topH 6.5. Hurd-Karrer (1950)
raised the pH of a sandy loam from 4.9 to 7.5 and demon-
strated substantial reductions in fluoride uptake by collard
and Japanese buckwheat.  VWorking with 1ight sand and loam
soils Prince et al (1949) found reduced accumulation of
fluoride by Japanese buckwheat and tomato plants as they
raised the pH with Time. Tomato leaves were found to con-
tain 23 or 1,008atpH 4.5; 15 or 480 at pH 5.5 and 7 or 91
parts 106 fluoride at pH 6 5 "in the absence or presence
of 360 parts 106 fluoride as NaF to the soil, as the pH
value was raised by 1iming. The value of high calcium
levels in reducing the uptake and accumulation of fluoride
by plants is discussed by Eysinga (1972) and Koster (1972).
Poole and Conover (1973) working with rooting media 1like
peat and perlite, found that 1iming with Ca(OH), and dolo-
mite decreased the uptake of fluoride by Cordyline termin-
alis from added superphosphate which contained 1.6 parts
102 fluoride. Eysinga (1974) found that 1ilies and frees-
ias grown on peat were protected against fluoride damage
at high pH values. of 6 5-7. 0 over the tested range of
£4.0 to 7.0. .

The regular app1ication , of lTow fluoride phosphatic
or compound fertilizers and the avoidance of'soil amendment
materials containing high levels of fluoride, are ways to
prevent . the build-up of fluoride in soil or other sub-
strate. This may be of particular importance in the green-
house and in horticulture (Eysinga, 1974).

Phosphorus in the soil added és fluoride-free ferti-
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lizer reduces uptake of fluoride by Japanese buckwheat,
tomato (Prince et al., 1949) and freesia (Eysinga, 1974)
compared with P equivalent dressings of a contaminated
commercial product. -

Bovay et al. (1969) found that the application of
boron containing compound fertilizer caused undesirable
toxicity in apricot and grape vines, indicating that care -
is necessary at all times. In this instance the cause was
attributed to potassium fluoborate in the fertilizer.

In Plants

The safest way to control fluoride excess in plants
is to avoid exposing them to soil, water or atmosphere with
abnormal fluoride content. This is not always practicable
or possible.

Entry of gaseous and soluble fluorides into the leaf
may be reduced by spraying or dusting calcium onto the
foliage (Eysinga, 1972). Benson (1959) found that soft
suture and splitting of peach due to toxic fluoride was
prevented by CaClp or Ca(OH), sprays; the rates were 100
g.1 later reduced to 50 g.1. %n addition to fixing fluoride
outside the Teaf and so preventing entry, there appeared
to be anincrease in internal leaf tolerance. Foliar sprays
of lime were applied to Satsuma mandarins by Watanabe &
Amano (1973) to counteract toxic fluoride in the air. The
sprays reduced Teaf fall, increased the percentage of fruit
set, reduced titratable acidity in the fruits and increased
the chlorophy1l content of the leaves. Other salts (MnSOg,
ZnS04, MgCa(N0O3)4) andwater did not produce these effects.

Growth suppression in Valencia orange by gaseous
fluoride (HF) was reduced more by drenching showers (simu-
lated) than by light daily sprinkling, though with young
leaf growth both water treatments ‘were equally effective
(Brewer et al., 1969). Fluoride pollution of pasture from
the atmosphere was reduced by rainfall by both washing and
leaching from the Teaf (Davison et al., 1976). . However,
in both these situations fluoride was only moved from a
more critical (atmosphere) to a less critical (soil and
ground vegetation) part of the environment. Eysinga (1972)
also refers to the effect of sprinkler irrigationinwash-
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ing off and leaching out fluoride from plants.

In Fertilizers

Control of fluoride contaminant in fertilizers rests
with the raw materials used (see Table 4 and Swaine, 1962)
and the manufacturing processes. Lehr & McClellan (1972)
discuss the raw materials used by the phosphate industry
which are very variable in composition and represent one
of the Targest single sources of fluoride contamination.
After beneficiation of raw rock phosphate fluoride recovery
from it by defluorination varies considerably; this is
because the wide compositional range presents problems for
the efficient and effective removal and recovery at any
one stage and by a single method. : E

In Air

- Rainfall and overhead irrigation will 'scrub’ gaseous
and particulate fluorides out of the air to an extent de-
pending upon frequency, intensity and duration relative to

emission by the pollution source. -

Bernatzky (1969) describes the use of protective tree
plantations or windbreaks of resistant, insensitive tree
species which need to be both well-sited apropos the pre-
vailing wind(s), and dense. The maximum area over which
they will be effective 1is given at 5 times the height on
the windward side and 25 times the height on the leeward
side, R : : : : : o :

The planting of amenity grass areas -in and around
city, industrial and suburban sites to absorb fluoride has
been suggested as a way to fix atmospheric fluoride and
remove it to a Tess dangerous part of the general envir-
onment. : :

Gaseous fluoride in the air used to aerate hydroponic
and nutrient culture solutions should be removedor it may
accumulate and become toxic to the roots and -aerial parts
of the plants, particularly if they are sensitive species.

In Water
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~ * Water that contains calcium ions is un]1kesy to carry
soluble fluoride when irrigating ¢rops. Brennan et al.
(1950) and Bligny et al. (1973) demonstrated for tomato
‘and maize respectively that fluoride abplied to the roots
was much less toxic innutrient culture with calcium ions.
Fluoride tox1c1tv decreased as' calcium increased in these
studies. - It is possible to render fluoride dissolved in
water insoluble by the addition of chemicals e.g. CaCly as
recommended by Halker (1955) for cattle drinking purposes,
but it is 1moract1cab1e for large volumes of irrigation
water. - ‘

The addition of aluminium sulphate (A12(504)3) 18H20
to the water culture inwhich lettuce and freesia were be-
ing grown, and to which fluoride was added 1in the range
0-10 mgF/1, had no effect on damage to lettuce (f]uor1de'
insensitive species), but reduced both leaf necrosis and
fo]1§r fluoride in the very sensitive freesiaf(Eysinga,’
1974 : ' : o B

InJury to the cut-flowers of suscept1b]e spec1es may
be reduced by adding aluminium sulphate to the water. In-
jury to cut Gerbera sp. flowers in fluoridated vase water -
(2.1 part 100 F) was matemaﬂy reduced by adding- aluminium
sulphate (600- 700 parts 106) ora proprietary product based
on Alum both of which precipitate soluble f]uor1de out of .
solution (Bruyn & Hulsman, 1972) e

FLUORIDE STANDARDS

There are no standards for soil, rooting media or
fertilizers, but they should contain as ' 1little soluble
fluoride as possible to avoid adverse plant effects. . - -

For Plants

Standards or threshold values at which damage occurs
vary widely with plant species, but should be maintained at
normal, healthy levels (see Apendix 3). Threshold values
can vary from as 1little as zero for susceptible freesia
cultivars to as much-as 600 parts 106 for spinach: though
the general range is between 0 40 parts 105 fluoradexrldny:
matter (Appendix 3)
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For forage crops in New Zealand exposed'UJcontamina-
tion from the atmosphere the following rigorous standards
have been established to prevent damage to vegetatlan and
Tivestock (Farrier & Pullen, 1973): ,

F content.of‘forage must not exceed:

40 mg F/kg drv basis over 1 year

60 mg F/kg dry basis over any 2 consecutive months

80 mg F/kg dry bassis for more than 1 month
For Water

~ -For potable waters the general standard is that a
. fluoride ‘content >1 part 105 is unsuitable for drinking,
and the usual range for artificial g]uor1dat1on(yfpotab1e_
waters is quoted as 0.8-1.6 parts 10°. Standards for irri-.
gat1 on water are difficult to define because visible damage
varies with so many factors i.e. type of irrigation (sur-
face versus overhead versus trickle type), plant species and
age, greenhouse or intensive versus outs1de, extensive
cultural conditions,  the form of fluoride in the water,
etc. The safest standard would be not to “irrigate with
water that exceeds the general average for surface waters
namely, 0.1 parts 106, but there are many situations where
this 1s_exceeded w1thout apparent i11 effect. Itis tenta-
tively suggested that where water containing more than 5-
10 parts 100 fluoride is regularly applied to crops it
will be desirable to monitor them for damage from time to
time by plant and soil analysis, preferably by comparing
: commercia] practice with" a fluoride-free water treatment
in the absence of atmospher1c pollution. ~ Establishing
such conditions of comparison on an acceotab1e basis will
not usually be s1mn]e or easy. :

For -Air

When establishing critical air quality standards the
criteria. has been to determine atmospheric fluoride con-
centrations that injure the most sensitive plant species,
but this does not cover fluoride concentrations that cause
non-visible damage. The establishment of critical atmos-
. pheric levels of fluoride (gaseous or alternative forms)
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is difficﬁTt because of the many factors thatcaninf]uencev
the effect on plants and the 1lack of knowledge 1in this
area. Environmental temperature, rainfall or watering re-

;g1me,_mo1sture status of the plant, type of plant (variety
‘or- c]one), stage(yfgrowth nutritional status and the ex-

posure ‘time toconcentration relationshio canall influence
dose response re]at1onsh1ps (Treshow, 1971). /

~-In'Ca11fbrn1a, U;S.A.,sens1t1ve gladiolus cultivars
are grown outdoors-and the distal 15 cmof the leaf is sam-
nled for analysis: it should not contain more than 35 parts
106 of fluoride in dry matter (Bovay, 1969; Istas & Alaerta,
1974). Istas & Alaerts (1974) have noted that gladioli
exposed to 0.1 parts 109 gaseous fluoride for five weeks,
may accumulate up to 150 parts 106 fluoride in this type

of 1eaf sample.

A number of atmospheric fluoride standards have been-
estab11shed and examoles are summarized in Tab]e 8

There is a considerable variation among these fia-
ures emphasizing the difficult in def1n1ng a single, - gen-
era], cr1t1ca] value , :

The mon1tor1ng of forage contamination by f]uor1de
from atmospheric or fertilizer sources is possible by ana-
1ys1ng the urine of grazing animals. 1In the south island
of New Zealand which have similar or lower. than average
natural fluoride levels insoils, waters and forages, nor-
mal values for urine fluoride are given as: bovine = 0.3-
7.4, mean 2.8and ovine=0.4-5.0 (Mean 1.5) mg-F/1 (Man]ey
et a1 , 1975). Stewart et al. (1974) report normal ovine
values of <5 increasing to 11-15 mg F/1 for animals graz-
ing on pasture contaminated with fluoride from top dressed
superphosphate fertilizer (application rates ~of 250-500
Kg/ha fertilizer containing 0.93 parts 102 f]uor1de)
Farrier & Pullen (1973) reported ovine urine levels of be-
tween 1.4-11.5 mg F/1 for animals on pasture within the
potential contamination area of an aluminium smelter, and
considered that the h1gher va1ues 1nd1catedzam11d contam—
1nat1on Tevel. - ,

' Standards of tox1co]ogwca1 res1dues in food crons7
ar1s1ng from nest1c1de use have changed dramat1ca11v over;
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- the past twenty years. The proposed world-wide standard -
was 1.0 in 1950, 0.1 in 1960 and 0.01 parts 10° Fin1970. -
In 1969theCanada Food and Drugs Directorate Droposed a
limited of 2 parts 100 F in fruits.  Since 1960 ‘in the_
United Kingdom, the general standard for acidic phosphate.
food additives has been 30 parts 106F; from 1974 this Timit
was developed more critically for specific comnounds as,
for example: H3P0s and Nagz .H2) - 10 parts 106 F; Ca (Hy
?03)2 .2H20 - 30 parts 10°F and CaHPOy. H20 - 50 parts

SUMMARY

‘Presentation has been made with emphas1s on sources of
fluoride pollution or contamination in crop. product1on
other than atmospheric which is the area in which there is
currently. most interest by developed, industrial coun-
tries. : : '

The natural and artificial sources of fluoride have
been summarized and cheémical analysis methods for deter-
-mining fluoride in soil, plant, phosphate rock and ferti-
-lizer, and in water are discussed briefly. Reference is
made to the value of the fluoride - jon selective electrode
for faster and less complicated analytical routines.

A survey of fluoride in soils and in plants~w1th a
brief summary of fluoride biochemistry is presented. This
is followed by descriptions of the visible symptoms of
toxicity and a]so of the less obvious effects; the use of
visible symptoms together with plant/soil ana1y51s to dia-
anose f]uor1de status is discussed. ,

Morerecent1nformat1on about f1u0r1de Tevels1r1p1ant
species is summarized. Definition of threshold levels above
which visible toxicity symptoms are noted is comnlicated
by variations between plant species and even between cul--
tivars withinaspecies. Indicator p]ant families, spec1es
and cultivars are noted.

Very 11tt1e appears to have been recorded about the
quantitiative effects of sub-Tethal fluoride toxicity on
the production of commercial and amenity crops. Ad-
verse effects -are assumed and there is a need to define
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these for particular crops and situations. When excess
fluoride is detected in the soil and other solid substrates,
the measures that may be taken to detoxicate the soluble
fluoride ion are described. Similar information is inclu-
~ ded about preventing the entry of soluble and gaseous:
’f1u0r1de into the plant through the foliage.

The establishment of reliable and cr1t1ca], s1ngle
standard values for toxic fluoride levels insoils, rooting
media, and irrigation waters that are universally applic-
able under field conditions, seems unlikely; the establish-
ment of such values for fertilizer materials seems more
probable. Some of the recognized difficulties of achievi ng
this type of definition for fluoride pollution in the air
are d1scussed

Very;br1ef reference is made to safe tox1co1og1ca1
residue 1imits from pesticides, in fruit produce and in
additives for processed foodstuffs.

Vegetat1on acts as a sink for fluoride which accumu-
lates in it. Absorbed fluoride may be Dhytotox1C'h3p]ants
and can adversely affect animals . through the grazing and
fodder crops, and.human beings through the food chain. It
is perhaps fortunate that . generally speaking, seeds and
fruits are not major sites of accumulation.

For p]ants (and animals) it is much more sat1sfactony

and effective to prevent fluoride toxicity situations de-
veloping thanitis to have to attempt to-cure them.
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» FLUORIDE ‘AND PLANTS:
' SUPPLEMENTARY  REFERENCES (SELECTED)

by Dr. J.B.D. Robinson
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ALLEVIATION OF FLUORINE TOXICITY IN ANIMALS - A REVIEW

_by_Dr. Ahmet Cakir,
Atatiirk University, -
Faculty of Agriculture,
Animal Sciences Dept.,
Erzurum, '

Turkey.

(Abstract)

About the turnof the century, phosphates such as rock
phosphates, acidor superphosphate and phosphatic limestone
were being added to animal diets to provide supplemental
quantities of phosphorus. However, these sources of phos-
ohorus were soon recognized to cause fluorine toxicity in
animals. .

. Rock phosphatewas potentially themost plentiful and,
of course, the cheapest source of phosphorus.  Therefore
methods were developed to reduce the fluorine content of
this source to a harmless level. However, the removal of
excess fluorine in rock phosphate is very expensive,
because it requires considerable amounts of heat or ener-
gvandothernlantexpenses In order to by-pass this expen-
sive process, the phosphorus product would need tobe fed
to animals either with less processing or with chemical or
non-chemical substances which could Dreventor‘atleastde-
crease the toxic effect of fluorine.

Fluorine toxicity may also occur among farm animals
in association with their prolonged exposure to unusual
. quantities of fluorine, ‘in the peculiar environment of
certain geographic areas whichnaturally have high fluorine
soils and water or which are contaminated by some indus-
tr1a1 p]ants

Certain organic compounds have been extens1ve1y stu-
died for alleviation of fluorine toxicity in laboratory
animals and ruminants since the early 1930's. Calcium and
aluminium .- compounds were found esnec1a11y effective in
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eliminating the toxic effect of fluorine. However, the
use of fluorine alleviators has been studied very recently
~1in poultry. , '

~ The mode of action of alleviators has been related to
reduction of fluorine absorption.

INTRODUCTION

" Although there are indications that F is beneficial
in preventing dental caries (McClure, 1970): essential in
fertility of mice (Messer et al., 1972);: aneffective drug
in metabolic bone diseases such as osteoporosis and Paget's
disease (Bernstein et al., 1963); themain point of concern
in animal nutrition is not its beneficial effects, butits
toxic effect. Because froma practical standpointa fluor-
ine deficiency is not possible in normal geed grain-diets..

There is anenormous number of publications on fluoride
toxicity. Excessive F ingestion can induce either acute
or chronic toxicity. AcuteF toxicity has not been studied
as extensively as chronic fluorosis because it occurs very
rarely. Chronic F toxicityis the typeof fluoride poison-
ing most often observed in livestock. It is difficult to
define the precise point at which fluoride ingestion be-
comes harmful to the animal. It can vary from case to case.
and may be influenced by the following factors: Amount of
F ingested; duration of ingestion; fluctuation in fluoride
intake time; solubility of fluoride ingested; species of
animal involved; age at time of ingestion; general level
* of nutrition; stress factors; .and dindividual biological.

response (N.R.C., 1974). . - TR

The National ReSearCh‘Council (1974) compiled recom-
mended” Tevels of dietary fluorine that can be ingested-

“safely. The following values are the current N.R.C. guide-
Tines. : : ,

- Chronic fluoride toxicity- occurs among farm animals
in association with their prolonged exposure to unusual
guantities of fluoride, in the peculiar environment of cer-
tain geographic areas and as the result of components of
feed (raw rock ohosphate, acidic limestone and fertilizer
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ANIMALS . p.p.m. F* |

Beef or dairy heifers , ,'4”,;40

Finishing cattle _ ~100
Breeding ewes " ' 60
Horses | 60
Breeding sows v 150
Finishing pigs ' o 150
Broiler ch1cks c _ i 300
Layers -~ - . . : 400

Turkeys ) | | 400

*lhen the f1u0r1de in the ration is froma defluorinated
rock phosnhate to1erances may be 1ncreased by 50%.

phosphates) otherw1se we11 su1ted to the profitable pro-.
duction of an1ma15 : ;

: F1u0r1de reduces feed 1ntakeandqrowth rate of chic-
kens (Cakair, 1976), of cattle (Hobbs and Merriman, 1962),
and of sheep (Hobbs et al. ,1954). Several mechanisms have
been proposed to account for the reduced growth rate.
Phillips et al., (1935) demonstrated that the growth of
chicks was 1nh1b1ted by feeding 70 mg. of fluoride per kg.

“of body weight per day. The authors postulated that this
level of fluoride caused growth inhibition by restriction
of feed consumption. In addition, intraperitoneal injec-
tions of fluoride also restricted feed consumption. The
restriction of feed intake by both methods indicated that
the action of fluoride was systematic in nature and inde-
pendent of any action in the digestive tracts. = This was
supported by the data of Shearer and Suttie (1967). These
authors reported a decrease in feed consumption in rats

v
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receiving intravenous]v 2.4 or 6 mg fluorine per dav-

. There are some indications that fluorine is effectwe
in reduc1ng M.E. values of feeds (Gardiner et al., 1968)
and in vitro digestibility of cellulose (Chamber1a1n and
Burroughs, 1960). ~ It may be related to some enzymes in
g]yco]yt1candc1tr1c acid cycle. However, the real mechan-
1sm of f]uor1ne toxicity is not known.

As po1nted out in previous paragraphs, fluorosis is a
b1g prob]em in some geographic areas. Furthermore, high-
fluorine content of some sheep, and potent1a11ynmrep1en—
tiful phosphorus sources, might bring fluorosis with them
when they are fed as phOSphorus sources. Therefore, alle-
-viation of fluorine toxicity might have an economic impor-
tance and must be known in detail.

Alleviation of F]uorine Toxicity

- The effectof other dietary components on the toxicity
of fluorine has been studied largely with the rate. Espe-
c1a1]y the m1txgat1ng effect of calcium salts demonstrated
in this species by several groups of workers.

Hauck et al. (1933a), fed rats a rachitogenic ration
containing 0.22, 1.22, and 0.6% calcium with or without
0.15% NaF. They found that 0.15% NaF severely reduced body
weight in the 0.22% calcium group, but addition of F to
diets containing 1.22 and 0.6% Ca did not produce any fur-
ther reduction in body weight. In another experiment,
Hauck.et al. (1933b), observed the same effect, "that tox-
jcity "of F increased with decrease in d1etarv ‘calcium
level®. Sharpless (1936) desc¢ribed rat experiments in
wh1chd1etsconta1n1ng 1,000 p.p.m. of NaF retarded growth
but if 2% CaCoz was added growth was normal.

Peters et al., (1948) were among the moneers of aﬂe-—
viation studies. They gave 1.0 ml. of a 5% solution NaF
in water by stomach tube. Without treatment death occurred
in 24 hoursor less in 75 to 95%of animals, but the intro=
duction of 3 ml. of a 4% solution of CaC]Z in water, just
prior to or within 5 minutes after administration of F hy
stomach tube, the mortality was reduced to less than 10%..
The authors pointed out that 10 minutes delay in the ad-
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ministration of CaCl, to fluoride-poisoned rats reduced
significantly the efficacy of treatment. CaC04 as 5 per
cent of feeding chalk in the diet depressed the Storage of
fluoride compounds in rat skeletons. In the group of -rats
receiving 250 ppm of NaF and 5% chalk, the increase in F-
content compared to the basal group was less 50.5%, than
that)of the group receiving 250 ppm of NaF alone (Boddie,

1957). . ‘ ' . Tl T

Calcium was also studied as an alleviator in rumin-
ants. Suttie et al., (1957) studied CaC0O3 as an alleviator
in cattle. These authors furnished 20, 30, 40 and 50 ppm
fluorine and 50 ppm fluorine ‘plus 200 gm. of CaCO3 daily
in a 5% year experimental period. Inclusion of added cal-

cium - in the ration increased the tolerance of cows to
“fluorine. ~ '

Additional calcium requires an increased amount of
phosphorus in rations. Since most of the natural phos-
phorus sources contain remarkable amounts of F, this also
1eads_,t0‘extra:high—dietary-fluorine levels. There is
not such a problem in using aluminium compounds. - There-
fore, aluminium compounds are the most frequently used
alleviators against fluorine toxicosis.

Kempt et al., (1937) reperted several mottled teeth
in rats fed 0.025% NaF, whereas those rats fed 0.025% NaF
plus 0.396% Al15(S04)3.18H20 showed nomotting. The authors
thus concluded that the ingestion of aluminium sulohate,
simultaneously with fluorides, prevented or at ledst mark-

edly,freduced the effect of f}uorine on teeth. -

 Venkataramanan and Krishnaswamy (1949) carried out
experiments with rats extending over 15 weeks. There
were three groups, one received a normal diet, the second
group received 1 mg. of fluorine and the third group re-
ceived 1 mg. of fluorine and 200 mg. of aluminium sulphate.
F levels of bones were 1,140, 3,810 and 3,210 ppm respec-
tively for control, fluorine and fluorine plus aluminium
sulphate groups. Using the same criteria, F level of bones,
Becker et-al., (1950) reported that aluminium sulphate,
fed as 0.53 per cent of the diet, caused a 45 per cent
decrease in the fluorine content of the bones. Aluminium
chloride was stated to be equal value in alleviating chronic

216




fluorosis. Alp03 was not cons1dered to be so effective as
the sulphate or chloride. _

" -The adm1n1strat1on by stomach tube of certain amounts
of F (as NaF), in the presence of CaCly, CapP207, MgCl,,
A1C13 or Alp03 has shown that (Table 1) not only the con-
centration, but also solubility are of importance when con-
sidering their effects on the storage of F in the skeleton
of the rat (Weedle and Muhler, 1954) In their experiment,
the -inhibitory effects of aluminium (as A1C13) were evi-
dent at the 1.0and 0.1% of cation concentration, but Al1703
did not decrease the amount of fluorine stored (Table T).

Griffith et al., (1955) stated that the addition of
aluminium sulphate or aluminium chloride the ration de-
creased the amount of fluorine stored in the bones by 30
to 40 for cattle ingesting 0-50 ppm fluorine or sheep in-
gesting 0.-200 ppm added to their rations. Inanother stu-
dy Griffith et al., (1956) reached the same conclusion,
that the addition of aluminium sulphate or Al1Cl3 to the
-rations of animals receiving F decreases the amount of F
stored in the skeleton. Boddie (1960) concluded that the
alleviators retarded, but did not prevent absorption of
fluoride. He worked with two groups of cattle-grazing
pastures contaminated with about 40 ppm F for three years.
One of the groups received 2 oz. alleviator of equal narts
CaCO3 mixed with the concentrates. The group given alle-
viator seemed to be in a slightly better body cond1t1on,
and to have a less severe dental lesion.

Hobbs and Merriman (1959), fed 28, 38, 48 and 58 pom
and 28, 38, 48, and 58 ppm fluorine plus a]ummum su nhate
at the rate of 0.5% of the total ration. -The expe iment
Tasted 8 years. Fifty-eight ppmF causeda slight decrease
in feed consumption. A1l the other groups and the 58 pom
F plus 0.5% aluminium sulphate group had a normal feed con-
sumption. In all Tlots, the addition of aluminium su hate
decreased the amount of dental fluorosis. The addition of
aluminium sulphate also decr‘eased bone F storage by 31% to
more than 40%. .

Cakar et al., (1976a) evaluated Al compounds as F tox-

icity alleviators in starting broiler chicks and turkeys.
Added F Tevels from NaF ranged from 0 to 1,000 ppm, where-_-

217




©2qn3 yoewols Aq S|eWLUR |[e 0} UBALE Sem auLdon|y 4o *Bul y2 40 [2303 Vi

X 86°LL 7950 - ETIY
- A 205°0 10°0 €01y
Ly 22°€L 0LS°0 L'0 _
i AN 605 °0 L0°0
0€ 6t°8 22h°0 L0 ELoLy
51 22 902°0 - 0°L |
Lt eb°LL 1250 10°0 |
82 LL'L 625 °0 L'0 AR
12 88°§ 192°0 0°L |
69 , 65°€1 505°0 10°0  £opdcep
05 16°€L 6050 L0
6¢ 66°0L €0 10°0 ,
L2 - 26°S 022°0" L*0 19e)
LL gL' orL’0 0°L
——— I T
_uwu,mmmc_. _.m...wop 40 mmmvcmo&ma UL .sseoued m_..oEs &:Em..... :_. : .coo ' m._..,_<m

SSBJUBD UL PaJo3}s 4 |elof

ut .4 Lesol

4 1301 ~ uotje)

(Poy-LE0HS ¢ '4INN- [ *pS6L ‘daluny pue 8|paap)
¥*NOILNT0S INIYONTd IHL HLIM QILVLSINIWAY J¥Y SLIYS
JINVOUONT IN3YIA4I0 NIHM LYY IHL 40 SSYOUYD 37TOHM ONY ¥NWI4 THL
NI G340LS SI HOIHH Q3ILSIONI 3AIYONT4 TYLOL FHL 40 I9YININYId

i

L 378yl

218



as Al levels varied from 0 to 800 ppm. Al was fed either
as Alp03 or A15(S04)3.18H20. When fed as the sukphate
salt, 800 ppm'og A1 completely prevented the toxic effect
of at least 1,000 ppm of fluorine. Al203 was not effec-
tive as an alleviatorof fluorine toxicity (Tables 2,3 and
4). In another studv Cak:r et al., (1976b) evaluated some .
high-fluorine fertilizer phosphates such as diammonium
phosphate (DAP), concentrated superphosphate (CSP) and
partially defluorinated phosphate and monocalcium phosphate
(MCP), as sources of supplemental phosphorus with large
white turkeys in a long-term experiment, 20 weeks. Al was
used as an alleviator of fluorine toxicity in these start-
ing and gorwing-finishing turkeys. Al1:F ratio was 1:1.
CSP and DAP were found somewhat toxic, significantly de-
-pressing body weight and feed efficiency when. fed to supply
all supplemental phosphorus from day-old to 20 weeks. Only
CSP and DAP significantly increased bone strength, "bone
ash and fluorine level of bone ash. Fluorine contentof
muscle was significantly increased by DAP. Al partially
eliminated the toxic effect of DAP and CSP, but was not.
effective in preventing all symptoms of fluorine toxicity
produced by the fertilizer phosphates (Table 5).

The Mode of Action of Alleviators

The mode of action of alleviators is believed to be
inhibitidn of fluorine absorption from gastrointestinal
tract. Indirect evidence, such as fluoride denosition in
carcass or in bones, better growth and feed consumption
and better teeth quality supports this hypothesis.  There
is also some direct evidence.

The average absorption rate of fluorine was reduced
from 52.8% to 36.2% with intact rats by adding CaClp(Stookey
et al., 1964a). Using in vitro studies with gastroin-
testinal segments fromalbino rats,Stookey et al., (1964b)
attempted to elucidate factors involved in the mechanismof
absorption, and reported decreased diffusion of fluor-
ide through the intestinal wall with the additionofCa and
Mg to the lumen of the intestine. : '

Hobbs et al., (1954) furnished a 106 ppm “fluorine

diet to sheep and added either 0.1 or 0.5% aluminium sul-
~phate or 0.1% aluminium chloride. Fluorine levels in feces
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were 7.6, 20.7, 27.5, and 33.3 mg./day, respectively, for
106 ppm dietary fluorine only, 106 ppm F plus 0.1% alu-
minium sulphate, 0.5% aluminium sulphate and 0.1% Al1Ct3.
The authors concluded that aluminium tied up dingested
fluorine in the gastrointestinal tract with the Al C13 show-
ing some advantage over the aluminium sulphate.  Peters, .
(1971) fed 0.7, 24 and 35 ppm of F with 0, 50, 100, 200
and 400 ppm of Al as aluminium phosphate. Ur1ne and feces
were collected for 5-7 days prior to.sacrifice. He stated
that supplementation to diets with aluminium phosphate re-
duced the gastrointestinal absorption of fluorine from the
diets. This was shown by the increased concentrat1on of
fluorine in the feces.

- When the mode of action of Al against F toxicity in
colostomized turkeys was studied, Al significantly - re-
duced F absorption (Cakir, et al., 1976a). Urinary F Te-
vels were about 2.4 pomin the control groups, 17.8 ppm in
group receiving 1,000 ppm fluoride and 6.70 ppm in group
receiving 1,000 ppm fluorine plus 800 ppm Al, respectively.
Fluorine levels of feces were 33.6, 406 and 666 ppm for
control, control plus 1,000 ppm F, and control plus 1,000
ppm F plus 800 ppm Al, respectively. (Table 6).

DISCUSSION

Studies which were conductedon alleviation of fluor-
ine toxicity are not enough in quantity. This makes quite
difficult to reach an exact conclusion on alleviation.
However, it can be said that several compounds such as Ca,
Mg, and Al can be used as alleviators in farm animals.
Calcium and Magnesium might bring some problems together.
Therefore, the use of these two minerals may be avoided.
Aluminium does not have such problems. It can be used in
the formchA1013, aluminium phosphate, aluminium sulphate
and Alp03 in ruminants. However, Al,03 is- not effective
~in pultry and rats.
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TABLE 6

~ EFFECT OF ALUMINIUM ON FLUORIDE CONTENT OF FECES AND
B 'URINE‘IN_COLOSTOMIZED TURKﬁXS, 12 WEEKS OF AGE.

RS - DIETARY TREATMENTS |
Control] Control + 1,000 ppm F! Control + 1,000 ppm F
ol T 4 + 800 opm A12
F1uor1ne ppm in fresh feces
24.7 387 468
21.7 425 713,
43.7 354 - 714
37.6 450 706
40.3 427 731
Average3: - . j _ o
1 33.6a 409b 666¢
| Fluorine, ppm in urine j ‘
2.02 5.92 7.48
3.28 6.92 a1
1.66 26.9 6.35
2.84 | 25.7 9.34
2.22 23.9 6.23
Average™: _ ,
2.40a C17.8b 6.70a

CAKIR et al., (1976a)

1 Each value is an average of five da11v comnos1te ‘samples

from three Turkevs

2 Each value is an average of five daily composite samoles

from four Turkeys-

3 Composite means for each parameter which are not followed
by the same letter differ s1gn1f1cant1y (P 0.05). ,
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DEFLUORIDATION METHODS
~ FOR SMALL COMMUNITIES

. by Prof. Sorab Arceivala
Project Manager, (TUR/SES/005),
HWorild Health Organization,
Ankara, Turkey.

(Presented by Dr. Halit G¥knil
Istanbul Technical University

Several methods have been suggested from time to time

for removing excessive fluorides. These may be divided
into two basic types - those based upon an exchange process
or absorption, and those based upon the addition of chem-
icals towater during treatment. The materials reported to
have been used in the contact beds include processed bone,
natural or synthetic tricalcium phosphate, hydroxvapatite,
magnesia, activated alumina, activated carbons, and ion
exchangers. Chemical treatment methods include the use of
1ime either alone or with magnesium salts and aluminium
salts either alone or in combination witha coagulant aid.
Other methods include the addition to fluoride water of
materials 1ike magnesia, calcium phosphate, bentonite,
fuller's earth, bentonite and diatomaceous earth,
mixing and their separation from water by settling
and or filtration. A1l these methods suffer from one or
other drawbacks: high initial cost, lack of selectivity

for fluorides, poor fluoride removal capacity, separation

problem, complicated or expensive regeneration. Some of
these materials are dealt with briefly below. V

Phosphat1c Compounds " These 1nc1ude seVeral' bone

formulations, synthetic tricalcium phosnhats §nd amixture
of calcium phosphate and hydroxyapat1te (2

Processed Bone: The bone is degreased, dried and
pulverised to 40-60 mesh size. The powder is carbonised
in a closed retort at 1,380-1,7400F. The product contains
tricalcium phosphate, and has a capacity to remove 1,000-
1,500 mg F per litre of medium. After saturation with
fluorides, it can be recalcined at around 7500F, under re-
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stricted air supply to restore the absorbing capacity of
the char. Alternatively, the bed . may be regenerated by
sodium hydroxide solution.

Bone Charcoal: The bone is processed by burning in
air and pulverising to 60-100 mesh. The fluoride removal
capacity of the product is about 1,000 mg F per litre of
media. ‘

Synthetic Tricalcium Phosphate: The product is pre-
pared by reacting phosphoric acid with 1ime. It has a ca-
pacity of 700 mg F per litre. The medium is regenerated
with 1 per cent sodium hydroxide solution, followed by a
mild ac1d r1nse

, F]orex It is a trade name for a m1xture of trical-

cium phosphate and hvdroxyapatite. The fluoride removal
capac1ty of the mediumis 600 mg F per 1litre and is regen-
erated with 1.5 per cent sodium hydroxide solution. Florex
was tried in Pilot Plant at Climax, Colo., U.S.A. in 1937
and Scobba, Miss., U.S.A. in 1940, but without much success
ow1ng'u)h1qh attritional Tosses and the plants were aban-
doned(3). ,

, A¢t1vated Alumina: The use of this material for the
removal of fluoride ion from dr1nk1ng water appears to have
been first suggested by Boruff in 1934(1). The bed was
regenerated witha 2 per cent solution of sodium hydrox1de,
followed by neutralisation of the excess alkali with dilute
hydrochloride acid. The capacity of the medium was found
to be about 800 mg F per litre of alumina. Manv modifica-
tions of the process were suggested by subsequent workers.
Several patents based on the use of aluminium-oxide for
fluoride removal were issued to Heinzel and Churchill in
1936, Goetz in 1938, and Urbain and Stemen-in 1940. . Savin= -
e11i  and Black{4) have used filter alum  to ‘regenerate
activated alumina bed. The capacity of aluminium to re-
move fluorides was reported to be proportional to the amount
of filter alum used for regeneration uptoa level of about
0.2 kg alum per litre (12 1bs alum per cft) of alumina.
At this level, the fluoride removal capacity was approxi-
mately 5,500 mg F per litre of alumina. The most important
single factor affecting the fluoride exchange capacity of
alumina was the alkalinity of the influent water.
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Lime: It has been observed that.while g;vmg Time
treatment to waters containing magnesium salts,fluorides
are absorbed on magnesium hydroxide flocs, and i't - results
in fluoride remova](]) Empirically, the amountof fluor-
ide removed is equal to 0.07 Mg, where F represents umg
fluoride initially present and Mg the mg of magnesium re-
moved in the form of flocs. In this case, the water must
be treated to a caustic alkalinityof 30 mg/] .apH of 10.5
or above and as such recarbonation is later necessary(S
Magnesia and calcined magnesite have also been used for
fluoride removal from waterand the fluoride removal capa-
city was reported to be better at high temperatures(G)

Activated Carbons: Most of the carbons prepared from
different carbonaceous sources showed fluoride removal
capacity after alum impregnation. McKee and Johnston (7)
have reported good fluoride vremoving capacity of various
_types of activated carbons. Venkataraman(8) prepared a
carbon from rice paddy husk by digestion in 1 per cent KOH
and soaking it overnight in 2 per cent alum solution. The
material removed about 320 mg F per kg (150 mg F per 1)
and showed a maximum removal efficiencyatpH 7. The carbon,
was regenerated by soaking the spent matema] in2 per cent
alum.solution for 12-14 hours. A pilot plant with this
material was installed at Guntakal, India., to treat water
containing 2.8 mg F/1, which was since abandoned. Activa-
ted carbons prepared by other workers from cotton waste,
coffee waste, coconut waste, etc. were tried for defluorida-
tion, but all these materials were of academic interest
only. o

Ion Exchange Resins: Strong base anicn exchange
resins remove fluorides either on hydroxyl cycle or chloride
cycle along with anions(9). Since the Droportmna] quan-
tity of fluoride as compared to other anions is very small,
the effective capacity of such resins works out quite Tow.
There are no known commercial anion exchange resins whi ch
are selective for fluoride only. Some inorganic ion ex-
changers, e.g. complex metal chloride silicate, formed
from bariumor ferric chioride with silicic acid, -also ex-
change fluoride for chloride.

Cation exchange resins impregnatedwith alum sol ution
have been found to act as defluoridating agents. Various
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workers have used cation exchange resins after treatment
w1th alum solution. for defluoridation. - Venkataraman, et

, (10) reported that "Avaram bark" based cation exchange .
res1ns works effectively in removing fluorides from water.

Defluoridation Work at the National Env1ronmenta]
Engineering Research Institute (NEERI), :
Nagpur, Ind1a

Work on def]uoridation was taken up by NEERI in 1961
on a reference from some State Governments afflicted with
the problem{11). A review of the materials developed by
different workers on defluoridation revealed that most of
the methods involved acid and alkalis either during pre-
treatment or regeneration and were not suitable for rural
conditions. The phosphate compounds and ion-exchange mate-'
rial are not practicableon large scale. Paddy husk carbon
demonstrated . by Venkataraman has a low canac1ty and poor
attritional auality.

Severa] mater1a]s 1ike clays, minerals, ion exchange
resins, activated carbons, activated alumina, sulphonated
coals: and serpentine were triedat NEERI for the removal of
excess fluorides from water. Chemical treatment, in situ,
with Time, magnesium salts, iron and aluminium saTts were
also studied. Only those that showed an encouraging trend
onfbench—sca1e were,studied in detail, and are presented.
in this paper. - These include, carbion, defluoron-2 and
the Na]qonda techn1que Ion exchange resins, saw dust
carbon, defluoron-1, magnesia and serpent1ne d1dnotprove
useful beyond- bench-scale. :

Pilot p1ant studies were carr1ed out at ‘Gangapur,
(RaJasthan) using carbion. Full size plants were instal-
led,: using defluoron-2, in two other regions, while the
Na]gqnda technique has been used successfully in over 200
villages in India. ‘

‘The'f0110W1ng results are reported from the works of
Nawlakhe, Kulkarni and Pathak under the leadership of Bulusu
(12)(13)(14).

Carbion

Carbion isa cation exchange resin of good dUrabi]ity
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and'cénbe;sed both on sodium and hydrogen cycles. It has
a-bujk.densi;y of 680 g/1 with a grading of 16-30 mesh.

A - Laboratory experiments using 50 ml aliquots 4.3mgF/1
trst water, and regeneration using 200 m1 of 1 per cent
“alum solution indicated an average fluoride removal capa-
City;Of'SZO'mg.F/l or 470 mg F/kg carbion. A pilot plant
was installed using amixture of this medium with defluoron
-1-in the proportion of 8:1 at Gangapur (Rajasthan). The
plant was charged with 224 1 of carbion and 28 1 of de-
f]uoron§1:j’The total quantity of water treated was only
659.3 m3. o

_ The fluotide content of the raw water was 4.8 mg F/1.
In al1,29 cycles of operation were studied, using filter
alum ds a regenerant. During the first few cycles of ope-
ration, mostof the defluoron-1 was washed out during’ back-
wash operation due to its Tightweight and what eventually
remained "in the plant was essentially carbion. The re-
sults of the_study showed that 1.08 kgof filter alum were
needed per m° of raw water fluoride concentration after

~treatment ranged between 0.88 and 1.6 mg F/1 (11)(11a).
DefTuoron-2 | o

To overcome the problems faced defluoron-1, a medium
"defluoron-2" was developed in 1968 for the removal of
fluorides from drinking water(14). Extensive trials with
the medium, both in the laboratory and in the field have
shown that, it does not suffer from most 6f the handicaps
which some of the indigenous materials developed earlier

~ suffered from.

Defluoron-2 is a sulphonated coal and works on the
aluminium cycle. It was found to give the best results
with one-bed volume of 4 per cent (w/v) alum solutionas a
regenerant. A bed volume is equal to the volume of media
in the unit. The Tife of the medium was found to be 2-4
years. : S ' :

, To study the effect of .prolonged use-af this  "medium .
on fluoride removal capacity,:work was carried dut to an

aggregate of 55 cycles of ‘continuous operation of 100 mm
diameter column charged witha total of 6 1itres of medium.
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The test water containing 5-6mg F/1 and 140-168 mg/1 alka-
linity was used throughout (50,51). The average fluoride
removal capacity of the medium was 484 mgF per Titre with
1.15 mg F/1 as a mean value of the leakage. T
oTwo plants with a capacity to treat 91 m3 (20,000 gal) .
per regeneration were installed at the Municipal Corpora-
tion, Nalgonda and Central Training Institute, Hyderabad, -
India. The plant includes a pressure shell, regeneration
tank and a storage reservoir of 4-6 hours capacity. The
process in its simplest form consists of ‘passing water
through a bed of defluoron-2 medium contained ina cylindri-
~ cal steel shell to which are attached the necessary pipe~
‘work and control valves. = Immediately adjacent to shell
the regeneration tank is locatedso that the whole instal-
lation is compact and is easily maintained. The plants at
Nalgaonda and CTI were operated through 55 and 40 cycles
respectively, by NEERI. Uhile the plant at CTI is opera-
ting, the plantat Nalgonda is kept idle by the Municipality
for want of funds. ‘ R ' o

Characteristics of Defluoron-Z

Bulk density g o .. 810 kg per m3
Size of grains . _ .. 0.6-2.0 mm
Voids (approximate) , .. 40 per cent

Attritjonal‘losses ‘ \ . Negligible - .

~ Maximum onerating service fldw rates:

3

3 per sq.'meter £ bed area per héur", 

per hour per m° of medium

(a) 5.0m
(b) 5.5m

~ Yash water treatment:

0.15-0.22 m3 per sq. meter per minute for a maximum
duration of 10 minutes. ,

Regenerant:
One bed volume of 4 per cent (w/v) alum solution. A

bed volume is equal to the volume of the mediumin the
unit. The alum solution has a pH between 2.6 and 2.8.
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Regenerant contact pemod w1th medium:
- 30-40 mmutes |

»';V'Pressure drop through the mediumof depth 0.6-1. 0 m:

3

1 2-1.5 meter per meter depthof medium at 5 m° flow-

rate per sq. meter bed area per hour.

_fAlkahm ty To]erance .

B1carbonate alkahmty'

-With rawwater fluorides rangmg between 8 and- 12 mg/l
the average defluoridation capacity is 650 mg fluoride
per litre of medium. However, because of greater diffi-

»cu]ty in fluoride removal at 1ower concentrations, the ca-
pacity of the medium reduces to 480 mg/1 of mechum, when

using a raw water containing between 5 and 7 mg/1 of fluor-
ide.  These capacities correspond toa raw water alkalinity
of 160 mg/1 as CaCOs3. The capacity of the medium at other
alkalinity levels is given below: L -

FLUORIDE REMOVAL CAPACITY mg. FLUORIDE PER 1 OF MEDIUM

B1carbonate _
alkalinity of

the raw water Raw wate}r ﬂ uori cle, mg per htre :

mg CaCOy/1  3-5 5-7 7-8 . 8-10
160 340 480 560 650
200 300 400 460 530
240 230 300 3%0 . 400
300 190 250 270 300
400 140 170 210 . 250
600 100 120 . 180 - 200

900 80 100 - 120 150

Based on an average ﬂuomde concentratmn of 0 6-0. 8mg/1

~ in the treated water

‘ Hyydroxyy‘l alkaTinity:
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The medium can tolerate hydroxyl a]ka]inity'up
to about 5 mg/1as CaC03. The fluoride concentration in the
treated water increases w1ththe1ncrease1rmhydroxv] alka-
Tinity. There is a 30 per cent reduction in the capacity
of -the medium when hydroxyl alkalini ty is 25 mg/] as CaCO3

Cont1nuous operation of the plant at Centra1 Tra1n1ng~
Institute for about four years had resulted in the forma--
tion of white deposits  over the medium and a.consequent
fall in the defluoridating capacity by about 60 per cent.

" The volume of the medium had swollen cons1derab1y (40 per-
cent). The following were the major constituents of the-
deposits:

Carbonates and hydroxides , .. 4,80,000 ppm

Fluorides . .. 6,100
~ Sulphates . ' .. 6,000
Aluminium : : .. 1,73,000""
- Calcium- : : .. - 24,000 -"
Magnesium- : .. 34,000 "
‘Iron .. ~ 11,000 "
~ Acid 1nso]ub1e (1 T HCT) , .. 1,69,700 "

The denos1ts ‘were probably due to inadequate wash
after -regeneration with alum solution. The medium was
taken out, acid washed and recharged. The plant has since
been working. A typical installation is shown in Fig. 1.

vNalgpnda Techn1que '

Recent]y, NEERI has, deve]oped .another method for
fluoride removal which has been named the Nalgonda Tech-
nique after the region in which it was used (13). The.
“method has been very successful and has been used in over
200 villages.. Though the Defluoron-2 process was also
successfu11nremdving fluorides, the periodic regeneration
and maintenance of the plant required a certain degree of
skilled operation which was not available everywhere. The
process -also required the manufacture of the medium De-
fluoron-2 which though not difficult in- 1tse1f reau1red :
establishing spec1a1 fac111t1es ,

The -Nalgonda Techn1que, on the other hand, bn]y %n-
volves the addition of two readily available chemicals -
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Raw water —==
~ Defluoron-2.

FIGURE 1

Defluoridation Using
DEFLUORON-2 Process

1ime“andva1um - to the raw water followed by st1rr1ng and
settling.  The technique could bé adapted to any size of
- population, large or small, and could even be used in the
home by a family. For’hOme use, ,the required chemicals
could be supplied 1in the form of tablets with simple in-
structions to add the required number of tablets, first of
1ime and then of alum, to a container of water, hand-stir
it for a while and allow it to settle. The supernatant
could be decanted off and used. Bleaching powder for dis-
infection cou]d ‘be added a]ong with Time and a1um, if re-
quired.

W1th domest1c treatment, no capital 1nvestment is re-
quired, and .the cost of treatment is 11m1ted to the cost
of chem1ca15 only. :

On a communi ty scale the process cou]d be used equa'ﬂy
easily, on intermittent:or continuous . basis, us1ng the

following general flowsheet wh1ch is typ1ca1 of a water
treatment plant (Figure 2). ‘

The dose of lime and aluﬁ;_reduired'depends on the
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fluoride concentration and a]kai1n1tv present-in the raw
water. Table1 gives some'idea of the alum requirements i#
order to: produce a final water with fluoride concentration

-of 1°mg/T orless to meet drinking water standards. Lesser
‘doses:of alum: are: requ1red'rffluor1de concentrations upto
‘2.mg/1-can be allowed-in the final waters. The lime dose
required is.1/20 of the alum doseinall cases. Conditions

comprlsxng'h1gh fluorides and Tow alkalinity are not usual
in India. When such conditions prevail, the alkalinity of

the raw water can be 1ncreased as des1red by 11me

Some cons1derat1on may need to be given to the total

~,dissolved solids in the final water :in case of raw waters

w1th excessive dissolved solid, concentrat1on,
TABLE,]

RELATION BETWEEN ALUM DOSE, AND THE RAW WATER
CONCENTRATION OF FLUORIDE AND ALKALINITY, TO
GIVE FINAL WATER WITH-1 mg F/1 OR LESS
(LIME DOSE = 1/20 OF THE ALUM DOSE)

. . ApproximatevAlUm*Dose at Different
Raw,Wa;erF;}uor1des Raw Water Alkalinities as mg CaC03/1
g 125 200 300 400 500 600 820

143 221 273 312 351 403 468
- 403 416 468 559 598 689
- - 611 715 780 936 1066
- - - - 9881118 1300
- - - - - - 1508

QNN

1

* Filter alum (16-17% alumina)

The mixing, flocculation and sedimentation stops are
identical to those usually employed in conventional water
treatment. Sand filtration may be required for better
clarification, but could be omitted in case of certain ground
waters. Disinfection may be provided as shown in Fig.2.
The treated water is then stored and supplied as required.
Any pH adjustment is generally not necessary.
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CONCLUSION -

Engineers are familiar with the design and construc-
tion of conventional water treatment plants and should be
capable of installing and operating a plant of the type
Just described. As stated earlier, the Nalgonda Technique.
~is capable of being adapted to both community-wide service
and simple home use, w1thas1mp11c1ty well within the com-
petence of - any vﬂ]ager - The Defluoron- 2 process could
-also- be used if desired. ' : e s

It is hoped thata pilot mstaﬂatmn wﬂl soon mate—
"rialize in Turkey so as .to gain actual oneratmg experience
‘with the method or methods consi dered most sui table under
Turk1sh cond1t1ons. ' ,
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TEA DRINKING AS AN ALTERNAT?VE
TO FLUORIDATION OF WATER SUPPLIES

by Prof. Dr. K. Simjour,
Faculty of Denistry,
University of Tehran.

(Abstract)

The beneﬁ cial dental ‘effects of fluoridation of water
supphes to a whole population are well known.

" The concentration of fluoride in d1fferent,var1‘et1‘es
of tea has been measured. It is shown that the concentra-
tion ranges to values well above 200 narts per million in

the dry tea leaves. An experimental study shows that in

-the normal process of making teaif the tea is allowed to

steep for 10 minutes the majority of the fluoride are d1s—.

so]ved in the Tiquid.

: It1s pointed out that most of the advantages obtained
by fluoridation of the water supplies for the whole popu-

lation may be obtained onanindividual basis by the anpre—‘

ciable consumption of tea.
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CONCLUSTONS AND RECOMMENDATIONS

1. The meeting noted the several effects on human health
experienced by persons who, over long perieds; drink water
containing excessive levels of fluoride. The ill-effects
of high fluoride waters on animal health were also noted.

2(a) The meeting noted the apparent differences in the re-

suits of measurements of the fluoride content of waters

from similar sources. This suggests the need for compari-
sons of the different methods of measurement in use. .

2(b) The meeting recommended that measurements should be
continued on a comparativé-survey basis of the fluoride
content of the .groundwaters in the Mount Ararat Region in
both Turkey and Iran, and that similar surveys - should be
carried outinthe high fluoride areas inPakistan wherever
necessary. - : ' :
3. The meeting noted some interesting hypotheses - and
problems of the clinical effects of high fluoride waters
which have been observed frompreliminary observations and
which were presented and discussed. The importance of
these exploratorv studies and investigations was recog-
nised. It is recommended that awell-defined epidemiologi-
cal study be undertaken to test such hvpotheses in areas
where these conditions occur. In particular:

(a) The environmental objectives should be clari-
fied. :

(b) It is necessary to carry out plant and animal
~monitoring.

(c) There should be regular monitoring of drinking-
water sources. .

(d) There should be biological testingof the popu=.
lation at risk. ’

(e) Dental health studies should be included in these
studies.

4. The meeting recormended that a workshop/study group
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be called together for the implementation of these recom-
mendat1ons ,

5. The meet1nq noted that there seems to be appreciable
know]edge of methods of defluoridation already available.
It is recommended - that a further study of these methods
and the introduction of a pilot scheme for defluoridation
of drinking water should be undertaken simultaneously.

‘6.» The meéting noted the contribution thatéir‘po11ution

made to the Tevels of fluoride in certain areas. It is
recommended that indicator plant mon1tor1ng be introduced

: around a1r pollution sources.

7. The meeting also drew attention‘to the importance of

other possible harmful chemical pollutants in water sup-
plies.
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