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SUMMARY: Since the beginning of the 20th century the environment has been
burdened with increasing emissions of fluorine (F) compounds due to the
development of industry, fluoridation of drinking water, and the widespread use of
fluoride-containing toothpaste. All these factors have resulted in an intensive
accumulation of Fin the bodies of vertebrates, mainly in the bones, and have created
a significant threat of intoxication among animals, including mammals.
Ecotoxicologists worldwide have looked for various mammalian species that may
serve as good bioindicators of environmental F pollution, also potentially harmful to
humans. Unlike ungulates, the dog (along with other long-lived domestic mammals
or wild carnivores) has rarely been subject to such studies. In this study, we aimed
to investigate the fluoride content in dog bones from northwestern Poland and to
examine the relationship between the F content in bones and the age category of the
studied dogs. The study material comprised hip joint bones obtained from 43 dogs
from veterinary clinics in Szczecin, NW Poland. The determinations of F (using
potentiometry with Thermo Orion ion-selective electrodes) were performed in
triplicate. The F content is expressed on a dry weight basis. The highest average F
content was found in adult dogs (>2 years old), with the lowest in young dogs (<2
years old). Older dogs had significantly higher F content than one-day old puppies
and young dogs. F content in the bones of dogs significantly correlated with their age
(p<0.001). There was no significant difference between adult females and males. Our
results do not differ from other reports and prove to be typical of F content in the
bones of dogs not supplemented with F.
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INTRODUCTION

Fluorine (F) ranks as the 13th most common element in the Earth’s crust.!3 Its
natural sources include inorganic fluorine minerals, volcanic gases and dust, and
marine aerosols.*® Anthropogenic F sources include factories producing
phosphoric acid and fertilizers (superphosphates), which are a source of soil and
water contamination.’ In addition, F enters the atmosphere as a by-product in the
production of process gases and by the combustion of coal, wood, oil, and peat.’
Other sources of F are in the chemicals used in toothpaste (for caries prevention),
in lacquer, varnishes, and rinses, all which enter the water with sewage.3’9

The constant emission of F to the environment, both natural and anthropogenic,
results in a threat of intoxication to mammals. From the 20th century until now, the
supply of anthropogenic F in the environment has been doubling each decade.
Therefore, it seems reasonable to control the concentration of this element in
mammals, where it enters with water, food, healthcare products and inhaled air. It
is absorbed through the intestinal tract, respiratory system and skin, and excreted
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in urine, feces and perspiration.!®!! In mammals, about 99% of F is accumulated
in the bones and other mineralized tissues by replacing hydroxyl ions in apatites
constituting the bone structure, in a process of ion exchange.g’“'13

The physiological role of F is associated with the mineralization of hard tissue.
A deficiency may lead to disturbances in the binding of calcium, magnesium, and
phosphorus in bones, leading to hypomagnesemia and bone demineralization. F is
also involved in the biosynthesis of enzymes (e.g., cyclases), and the
mineralization of cartilage to increase its mass.!*!> Excess F adversely affects
cartilage. Electron microscopy study of cartilage from young dogs and rabbits
shows a deformation of chondrocytes, disrupted proliferation, and more rigid
cytoplasm due to increased glycogen deposition within the cells.'® Cell necrosis
has also been observed with the disrupted architecture of chondrocytes. X-ray
images of elbow joints has revealed the formation of cysts and sclerosis of the
cartilage. Furthermore, the thickness of cartilage increases in response to chronic
exposure to fluoride, resulting in the inhibition of glycolysis in cartilage cells.!”

Research on F in living organisms is an important part of biomonitoring and
bioindicative studies. Among the various types of biological materials used in the
assessment of exposure to F, increasing importance is being attributed to
mineralized tissues, mainly bones. With their periodic growth and continuous
reconstruction they are a good material in which to study long-term accumulation.
There is also the need for convenient and accurate bioindicators of environmental
F pollution. In an indirect assessment of environmental exposure to F, the most
suitable subjects seem to be medium-sized omnivorous mammals, including the
domestic dog (Canis lupis familiaris). However, in Europe, canines have only
occasionally been used for bioindicative purposes.

On the basis of the existing state of knowledge and scientific evidence, the main
objectives of this study were to determine F content in bones obtained from dogs
in NW Poland and determine the relationships between the bone F content and the
dogs age categories.

MATERIALS AND METHODS

The study area: North-western Poland lies in a region with a Baltic climate.'®
The environment in West Pomerania is or has been exposed to F emissions from a
number of industrial plants including: the Chemical Plant “Police,” FOSFAN
(Formerly Szczecin Phosphate Fertilizer Plant), the Power Plant Company “Dolna
Odra,” Elektrim Kable — the cable factory Zatom, Szczecin Shipyard Porta
Holding (closed in 2009), the mill “Huta Szczecin” (closed in 2008), and Paper
Mill Szczecin - Skolwin (closed in 2007). Near the German-Polish border in
Schwedt (SW of Szczecin) there is also a German refinery that has no less impact
on the environment than the above-mentioned plants, due to the prevailing winds
in Western Pomerania.

Figure 1 shows the map of Poland and districts of West Pomerania including the
locations of the aforementioned plants and the direction of the prevailing wind.
Fluorinated waste from these factories is often discharged with waste water into
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rivers and thus reaches urban drinking water supplies. In the period 1993-1996, the
annual average F level in wastewater near the chemical plant “Police” was 0.23
mg/L.'? Currently, F in water in the river Gunica near the refinery is 0.28 mg/L*°,
at 21(13ast 10 times more than most Polish rivers where F does not exceed 0.02 mg/
L.
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Figure 1. Map of Poland and districts of the province including the West Pomeranian
Voivodship plants emitting fluoride and direction of the predominant winds (black factory icons:
active plants; gray factory icons factories: closed plants, black arrows: direction of the wind)

Material: The studied material consisted of femurs obtained from 43 dogs
(Canis lupis familiaris) obtained in the area of Szczecin in 2009-2012. Bone
samples came from 32 young and adult dogs (13 females and 19 males) and 11
one-day-old puppies (5 males and 6 females). The age of the dogs was identified
by veterinarians on the basis of information contained in medical records and
originating from the dog owners. The average age of the dogs was 8 years (ranging
from 1 day to 19 years). The dogs were divided into three age categories: CI{0:
one-day-old puppies (n = 11), CIfl: <2 years of age (n=4), and CIf2: >2 years of
age (n=28).

The dogs came from the clinics at the Animal Shelter in Szczecin and the
Society for the Prevention of Cruelty to Animals branch in Szczecin. The main
reasons for euthanasia included respiratory disorders, vascular diseases, and
cancer. The dogs were not deliberately sacrificed for this study. The acquisition of
biological material from the dogs was approved by the District Veterinary Officer
in Szczecin. The study was approved by the Local Ethics Committee for Research
on Animals (Resolution No. 5/2012 of 05.12.2012).

Preparation of material for chemical analysis and determination of fluoride:
The collected femurs were cleaned of any remnants of tendon and muscle, and
then samples of compact bone were separated. The samples were dried to constant
weight in an oven at 105°C. The percentage of water content in the samples was
determined by gravimetric method. Dried samples were ground, then mixed with
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perchloric acid and shaken. After cooling, sodium citrate and TISAB II were
added to the sample.

Serum levels of F were determined using a potentiometric ion-selective
electrode (Thermo Scientific Orion, USA) according to the works of Gutowska et
al.>>>* The F content in samples was calculated based on the difference of
potentials measured in each sample, the sample weight, and the concentration of
the added standard.

Satistical analysis: Statistical studies were performed using Stat Soft Statistica
10.0 and Microsoft Excel 2007. The arithmetic means (AM), standard deviations
of the AM (SD), medians (Med) and coefficients of variation (CV) were calculated
for each studied group. Compliance of distributions of F were checked using a
Kolmogorov-Smirnov test with Lillefors correction (KS). F content distribution in
the compact bone deviated from the expected normal distribution (KS=0.1,
p<0.01); therefore, in the statistical analysis we used a Kruskal-Wallis test (KW)
for the three age groups, and Mann-Whitney U test (MW) for pairwise
comparisons. In determining the correlation between F content and age we used
the Spearman's rank correlation coefficient for the groups of dogs where n>4.

RESULTS

The F content in the femur compact bone from all dogs (n=43) was in the range
of 77-960 mg/kg dry weight (dw) (Table 1). The median F content in the bones of
all dogs was 443.4 mg/kg dw. After excluding the one-day-old puppies (n=11), the
median F content was higher at 491.3 mg/kg dw (Table 1). The highest median
content of F was found in the males of group CIf2, while the lowest was recorded
for all dogs in group CIf1.

Due to the small number of data for males and females in the group CIfl (n=<4)
we did not compare F levels within this group. We did perform an analysis of
differences between the genders in each group. There were no statistically
significant differences between the content of F in the bones of male and female
dogs of group CIf2 and between all females (CIfl1 + CIf2) and all males (CIf1 +
CIf2).

The KW test (H=11, p<0.003) indicated differences in F level between the age
groups of dogs (excluding their sex) (Fig. 2). One-day-old puppies clearly had a
lower F content in the compact femur bone than dogs from group CIf2, as
confirmed by MW U test (U=57, p<0.003). There was a statistically significant
difference between groups CIfl and CIf2 (U=21, p<0.05) wherein older dogs (>2
yr-old) had an F content over 100% greater than group CIf1 dogs (<2 yr-old). The
significant correlation between the F content in the bones of dogs and their age
was highly significant according to the Spearman rank correlation coefficient (1=
0.51, p<0.001) (Fig. 3). The F content in the compact femur bone exhibited a clear
upward trend, from postnatal ontogenesis to old age.
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Table 1. The fluoride (F) concentration (mg/kg dw) inthe dog bones by gender and age
(% CV = percent coefficient of variation; CfO = one-day-old puppies;
CIf1 = young dogs <2 yr-old; CIf2 = adultdogs >2 yr-old)

Gender Age category (n) Statistical parameter F concentration
CIft (n=1) | Mean 2016
MeantSD 491.24294.2
Median 466.7
Clf2 (n=12) Range 111.9-9425
Female %CV 59.8
MeanSD 469.0292.9
Median 457.3
CIf1+CIf2 (n=13) Range 111.9-9425
%CV 62.4
MeanSD 284.04204.0
Median 290.4
Cift (n=3) Range 76.9-484.7
%CV 71.8
Mean+SD 564.1+199.3
Male Median 538.6
Clf2 (n=16) Range 134.5-959.9
%CV 35.3
MeanSD 519.94220.8
Median 512.5
CIf1+CIf2 (n=19) Range 76.9-959.9
%CV 42.46
MeantSD 313.1+48.04
Median 3176
CIfo (n=11) Range 229.3-383.7
%CV 15.3
MeantSD 263.4+171.6
_ Median 246.0
CIft (n=4) Range 76.9-484.7
%CV 65.1
MeanSD 532.94242.2
Female 5 Median 518.6
+ Male Clf2 (n=28) Range 111.9-959.9
%CV 45.4
MeantSD 499.242493
Median 4913
CIf1+CIf2 (n=32) Range 76.9-959.9
%CV 49.9
MeanSD 451642306
Median 4434
CIf0+CIf1+CIf2 (n=43) Range 26.9-950.0
%CV 51.1




1 Research report Fluoride accumulation in dog bones 103

iluqlride 472(2)1%8_108 Palczewska-Komsa, Kalisinska, Kosik-Bogacka, tanocha, Budis,
pril-June 20 Baranowska-Bosiacka, Gutowska, Chlubek

1000
Bone F mg/kg dw 500
800

7oo
[:10]

00 0

400

300
=]

200

100 i

: : : Median
clfo CIf1 Cif2 0] 25%-75%
Age category T Range

Figure 2. Fluoride level in dog bones in relation to age.
(CIf0 = 1-day-old puppies; CIf1 = young dogs <2 yr-old; ClIf2 = adult dogs >2 yr-old).
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Figure 3. The relationship between fluoride in dog bones and age.

DISCUSSION

In the literature, F levels in bone samples are denoted in different ways—in
terms of wet or dry body weight, or ash. To be able to make comparisons between
our results (expressed in mg/kg dw) and other authors, we used conversions based
on our calculations and the works of Lanocha et al.>> and Budis et al.?® We
assumed that the average water content in the dog compact bone was 23%. Based
on the work of Suzuki,”’ we assumed that an F level at dry weight is 59% of bone
ash level. In most publications, F content in bone is given as the arithmetic mean
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or range of values, therefore in comparisons we did not use median but arithmetic
means or ranges of values.

On the basis of many papers, we assumed that in dogs from uncontaminated
areas, the typical average F content in bone (reflecting the geochemical
background) does not exceed 550 mg/kg dw.!327-32 In the present study, in 72% of
dogs from the area of Szczecin this content was not exceeded in the femoral
compact bone.

Based on available reports, the average F content in the femur of puppies ranges
from 5 to 258 mg/kg dw, while in young dogs (ages 1-2 years), it is slightly higher
and may even reach 270 mg/kg dw (Tables 2A and 2B). In adult dogs, it ranges
from 230 to 450 mg/kg dw. Sometimes concentrations exceeding 1700 mg/kg dw
are detected, but with no visible signs of intoxication.>3-3¢ The results presented in
this paper concerning the F content in one-day-old puppies and adult dogs (313
and 533 mg/kg dw, respectively) slightly exceeded the upper range of values
typical for these age groups presented by other authors. In contrast, the mean F
content in the bones of young dogs, at 263 mg/kg dw, was within the typical range
for this age group (Tables 2A and 2B).

The F content in dog bone depends on the type of bone tested (Table 2A).
Simons>> found a trend based on the findings of other authors to a greater
accumulation of F in the ribs than the femurs of dogs (380 and 230 mg/kg dw,
respectively). In addition, there are differences in the accumulation of F depending
on the structural element of bones; in spongy bone F content is on average about
60% higher than compact bone and periosteum, which is associated with a better
blood supply to the bone surface layers.34’3 7

Gardner et al.* observed that in the femur of healthy young dogs from New

York, USA, F content was 6 times lower than in adult dogs from the same area
(270 and 1780 mg/kg dw). Also in this present study, in one-day-old puppies in
Szczecin, the F content was more than 6 times lower compared to dogs aged 8
months. Many authors have emphasized the relationship between the F content
and the age of the dogs, for example Greenwood et al.33 In the present work,
puppies and young dogs had significantly lower content of F in bones than adult
dogs (p<0.003 and p<0.05), and there was a significant relationship between the F
content and the age of the animals, confirmed by a significant Spearman's rank
correlation coefficient (r=0.51, p<0.001).

F strongly affects bone mineralization. Chavassieux,>® in dogs receiving 0.7 mg/
kg NaF per day for a period of six months, found a reduction in bone
mineralization and bone formation, and an increase in resorption in the spongy
bone. In addition, he noted exostosis and changed characteristics of skeletal
fluorosis, which could be related to hyperparathyroidism. Henrikson et al.>
observed in dogs that received 40 weeks of NaF in different doses (from 26 to
1125 mg/kg), the accumulation of F in the bone depended on the dosage of F.
Furthermore, the increase in bone F was accompanied by a reduction in bone
calcium, although no hyperparathyroidism was observed.
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Table 2A. The fluoride concentration (mg/kg dw or ash) in dog bone based on the work of various authors
(n = number of animals; yr = years; mo = months; CB = compact bone; SB = spongy bone;
dw = dry weight; bw = body weight; F = female; M = male)

Place and  Tissue Age Gender n  Fluoride mg/kg dw or ash Supplementation
reference
Szczecin, | FemurCB  >2yr F+M 28 5323+242 mg/kg dw -
Poland FemurCB <2 F+M 4 263172 mgkg d
This study | o' yr £l mgikg aw -
Femur CB 1 day F+M 11 313448 mg/kg dw -
Femur 25-3mo F+tM 4 466+128 mg/kg ash Control
Femur 25-3mo F+tM 4 274+75 mg/kg dw
Hyderabad, | Femur 25-3mo F+M 5 3397+240 mg/kg ash NaF 10 mg F/dog/day for 3
India months
41 Femur 25-3mo F+tM 5 1998+141 mg/kg dw
Femur 25-3mo F+M 5 2000+435 mg/kg ash NaF 10 mg F/dog/day +
tamarind te for 3 month
Femur 25-3mo F+M 1176£256 mg/kg dw rind paste for & months
Femur CB  Adult - 1 485 mg/kg ash -
Hohenheim,| Femur CB  Adult - 1 285 mg/kg dw -
Germany
37 Femur SB  Adult - 1 781 mg/kg ash -
Femur SB  Adult - 1 495 mg/kg dw -
Femur 1yr F+M 2 765 mg/kg ash
Control
Femur 1yr F+M 2 450 mg/kg dw
Femur 1yr M 2 940 mg/kg ash 56 ug F/kg bw/day for 287
ays
Femur 1yr M 2 553 mg/kg dw
Femur 2yr F 2 845 mg/kg ash 85-88 ug F/kg bw/day for
287 days
Femur 2yr F 2 497 mg/kg dw
Femur 2yr F 2 1570 mg/kg ash 595 ug F/kg bw/day for 287
ays
Sztokholm,
Sweden Femur 2yr F 2 923 mg/kg dw
36 Femur 1yr F 2 2315mglkgash 825-1125 pg F/kg bw/day for
287 days
Femur 1yr F 2 1362 mg/kg dw
Humerus 1yr F+M 2 720 mg/kg ash Control
Humerus 1yr F+M 2 423 mg/kg dw Control
Vertebrae 1 yr F+M 2 715 mg/kg ash Control
Vertebrae 1yr F+M 2 420 mg/kg dw Control
Frontal bone 1 yr F+M 2 680 mg/kg ash Control
Frontal bone 1 yr F+M 2 400 mg/kg dw Control
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Table 2B. The fluoride concentration (mg/kg dw or ash) in dog bone based on the work of various authors
(n = number of animals; yr = years; mo = months; CB = compact bone; SB = spongy bone;
dw = dry weight; bw = body weight; F = female; M = male)

Place and  Tissue Age Gender n  Fluoride mg/kg dw or ash Supplementation
reference
Femur 1yr - 1 464 mg/kg ash -
New York, | Femur 1yr - 1 272.7 mg/kg dw -
USA
34 Femur 3-6 yr - 1 3030 mg/kg ash -
Femur 3-6 yr - 1 1782 mg/kg dw -
Femur 1 day F+M 9 5-258 mg/kg dw Control
Chicago, Femur 2 days F+M 15 12-310 mg/kg dw Purified bone meal powder 5
USA 9 y 99 mg F/kg bw/day forp110 days
33
Femur 2 days F+M 6 22-258 mg/kg dw Defluorinated phosphate 5
mg F/kg bw/day for 98 days
Femur 1 day F+M 14 39-2150 mg/kg dw NaF 5 mg F/kg/bw/day for
102 days
Femur - - —  250-269 mg/kg dw -
USA
35 Femur 6 yr F — 230 mg/kg dw -
Femur 6 yr F — 280 mg/kg dw -

Those authors observed no pathological changes in bones or teeth dependent on
the different doses of F received by the dogs. Similarly, Greenwood et al.33 and
Heyroth39 observed no pathological changes in the bones of dogs treated with F in
their food for three months at a dose of 5 mg/kg dw or for 5 years at a dose of 3 to
5 mg/kg dw, respectively. Similarly, Mulvhill et al.*’ found no pathological
changes in the bones of dogs fed with NaF at a concentration of 9.5 to 19 mg/L.
They found that both dose rate and duration of exposure to NaF had no toxic effect
on the skeletal system of the dog.

The F content in the bone depends on the dose of the compounds obtained. In the
paper by Khandare et al.,*! in ash from the femurs of 2.5-3 month old puppies
supplemented daily with 10 mg NaF for 3 months, the average F content was more
than 7 times higher than in the control group without F supplementation (Table
2A).

Some researchers also examined the relationship between F supplementation and
F metabolism in the dog. Heyroth39 found that in dogs that received, for a few
months, feed dosed with 10 mg F per kg body weight, 84% of F was excreted in
the urine, while the remaining 16% of F was deposited in the bones.

Dogs ingest fluorine compounds primarily with water and food. In 8 out of 8
different dog foods tested in the USA, F compound levels were 2.5 times higher
than EPA permissible F levels in drinking water.*? In addition, high doses of F in
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dog feeds were associated with a high content of this element in their bones, which
is largely the result of their widespread use in ready-made commercial dog feeds
in the United States. There is evidence suggesting that the increased F content in
the bones of dogs may be responsible for the increased incidence of osteosarcoma,
the most common primary bone tumor in dogs, which makes up 85% of all tumors
of the skeleton.*?#3

Our results do not differ from the corresponding results reported by other authors
and are typical for F content found in the bones of dogs not supplemented with F
(unproven given that the feeds referred to in the previous paragraph were not taken
into consideration). Results of this study may contribute to increased knowledge
about the burden of F compounds on the biotic and abiotic environment, as well as
demonstrate the usefulness of the dog for bioindicative purposes.
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