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[9] suggesting that fluoride pollution in the vicinity of aluminum smelters could bel
of equal or greater concern than aluminum pollution. Chick embryo limb-culturef
studies have revealed that fluoride can influence the rate of bone mineralization®
[10]. High levels of fluoride (700-1000 ppm) in the diet of chickens resulted in a§

reduction in egg size and increased mortality [11]

There is little data on the effects of fluorides on wild birds. However, in the vicini-
ty of aluminum smelters, fluoride emissions were reported to result in elevated yolkR§
and albumen fluoride levels in eggs of chickens and wild birds [12]. It has been sug
gested that house martins (Delichon urbica) [13] and tawny owls (Strix aluco) [12}

hear an aluminum smelter were adversely affected, with evidence of impaired}
reproduction in the owls. Sodium fluoride in the diet of captive American kestrels

1- and 7- day-old hatchlings derived from breeding pairs that were subjected to
chronic dietary fluoride.

METHODS

2.0 m high) equipped with nest boxes, perches and food shelters. Birds were fed a §

commercial bird-of-prey diet (Nebraska Brand, North Platte, Nebraska) mixed with
the appropriate concentration of fluoride, starting on 30 November 198]. Water
Wwas provided ad lib. Nest boxes were monitored daily. Eggs were numbered as they
were laid and the date and time of laying was recorded. The third egg laid was

measured. Hatching was monitored, and unhatched €ggs were removed. As soon as
hatching occurred, clean food without fluoride was provided, consisting of 1-day-
old chicks (Gallus gallus); previous experience has shown that young birds of prey
do not survive well on the commercial bird-of-prey diet.

Hatchlings were selected on the day of hatching from 7 nest boxes from each g

treatment group, providing a total of 23 controls, 24 from the 40 ppm fluoride

from jugular veins was collected in ammonjum heparinized caroway tubes. §
determined by the

Hematocrits  were recorded and hemoglobin  was

¢yanomethemoglobin method. Plasma was used for determinations of uric acid [15] E
which is the main excretory product in adult birds [16] and in embryos past 8 days §
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Similar morphological, hematological, and plasma chemistry measurements were
made in 7-day-old nestling owls.

Egg weight and volume, morphological measurements, hematocrit, hemoglobin
and plasma chemistries were compared by one-way analysis of variance (P < 0.01)
and Duncan’s multiple range test (P < 0.05) when comparison was made among

TABLE |

EFFECTS OF SODIUM FLUORIDE ON EGG SIZE AND GROWTH IN NESTLING SCREECH
OWLS

Controls NaFl, 40 ppm NaFl, 200 ppm

Egg weight (g) 182 + 1.2 174 + 1.6 17.1° + 1.2
Egg volume (ml) 8.1 + 14 17.1* + 1.2 17.0° + 1.1
Egg length (mm) 36.3 + 1.1 356 + 1.2 35.0° + 0.9
Egg width (mm) 309 + 1.1 30.5 + 1.3 30,1 + 0.8
Body weight (g)

Day 1} 133 + 1.4 127 + 1.5 12,1 1 .1

Day 7 61.9° + 106 62.6 + 3.8 61.6 + 11.9
Crown-rump length (mm)

Day 1 63.7 + 1.5 642 + 22 62.8% + 2.2

Day 7 95.1° + 5.2 98.8 =+ 3.2 9.8 + 6.6
Radius-ulna length (mm)

Day | 85 + 03 8.3 + 04 82% 4+ 03

Day 7 22.5° + 28 211+ 1.2 209 26
Tibiotarsus length (mm)

Day | 12.1 + 0.6 11.7° + 0.5 11.4° + 04

Day 7 311 + 1.5 30,0 : 1.7 283 + 24
& L S Z et
*Means + Sp.

Significantly different from controls by one-way ANOVA (P < 0.01) and Duncan’s multiple range test

cSigniﬁcamly different from corresponding one-day-old controls by Student’s r-1est (P > 0.05).

dSignificamly different from ‘NaFl, 40 PPmM’ group by one-way ANOVA (P > 0.01) and Duncan's multi-
Ple range test (P > 0.05).
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RESULTS AND DISCUSSION

Sodium fluoride (40 ppm) in the diet of screech owls resulted in a significantly
smaller egg volume, and at 200 ppm resulted in a significantly smaller egg weight;
and volume (Table I). Hatching success was found to be impaired by nearly 409,
in the 200 ppm group, as discussed by Pattee et al. [25); the reduction in hatching ;
success was believed to be largely due to reduced fertility. There was no differenc
in the number of cggs laid after treatment. Day-one hatchlings in the 200 ppm
group weighed 9% less than controls and had slightly, but significantly, shorte
crown-rump lengths than the 40 ppm group (Table I). There were also small but 31
significant differences in bone lengths as detected by measuring cleared and alizarin ‘
red S-stained radius-ulna and tibiotarsus lengths; the radius-ulna was significantly %
shorter in the 200 ppm group compared to control, while the tibiotarsus was
significantly shorter in both the 40 and 200 ppm groups. There was no evidence of
teratogenic effects in either treatment group. By 7 days of age there were no longer @
any significant differences between control and treatment groups in body weight,

255

ani

i

%

TABLE 11
EFFECTS OF SODIUM FLUORIDE ON BLOOD CHEMISTRY OF I- AND 7- DAY-OLD SCREECH &
OWLS. 3

Controls NaFl, 40 ppm NaFl, 200 ppm

Hematocrit (%)

Day 1 2.5 + 44 24.1 = 3.8 242 + 42

Day 7 30.7° £ 3.6 323 + 29 32.1 + 43
Hemoglobin (g/dl)

Day i 7.6 * 1.4 81 + 1.3 79 =+ 1.7

Day 7 879 + 1.9 82 + 0.5 81 + 16
Plasma calcium {mg/dl)

Day 1 8.1 + 1.2 82 + 038 7.6 + 0.6

Day 7 11.8° + 3.8 109 + 1.3 123 + 6.3
Plasma phosphorus (mg/dl)

Day 1 4.7 + 1.7 3.8 + 17 45 + 14

Day 7 7.4 £ 1.0 9.5 + 28 7.6 t 1.4 %
Plasma uric acid (mg/dl) : 3

Day 1 7.7 %25 80 =+ 5.1 84 + 54 4

Day 7 13.9° + 4.8 173 + 108 170 + 5.6 g
Plasma alkaline phosphatase un . %

Day 1 33 77 325 + 111 283+ 107 i

Day 7 406° + 109 344 4+ 185 475+ 130 :
*Mean + SD.

"Signiﬁcantly different from untreated coatrols by one-way ANOVA (P <0.01) and Duncan’s multiple-
range test (P < 0.05).

“Significantly different from corresponding 1-day-old controls by Student’s f-test (P < 0.01).
"Signiﬁcamly different from corresponding 1-day-old controls by Student’s r-test (P < 0.05).
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crown-rump length, or radius-ulna length. However, the tibiotarsus in the 200 ppm
group remained significantly shorter than control.

No significant differences were detected in hematocrit, hemoglobin, plasma
calcium, phosphorus, uric acid or alkaline phosphatase in 1-day-old hatchlings
(Table II). At 7 days of age, plasma phosphorus was significantly greater in the 40
ppm group than in controls. Developmental age related differences were apparent
when day-one controls were compared with 7-day-old controls. Mean weight in-
creased by nearly 5-fold and crown-rump length by 1.5-fold by day 7. Hematocrit
was 36% greater and hemoglobin 14% greater in 7-day-olds. Plasma calcium was
46% higher, plasma phosphorus 57% higher, uric acid 81% higher, and plasma
alkaline phosphatase activity 30% greater in 7-day-olds compared to 1-day-old
controls.

Other studies involving yolk-sac injections of sodium fluoride into chicken eggs
did not report teratogenic effects [9,26}, in agreement with our findings. Fluoride
(150 ppm) in the diet of 1-day-old chickens did not result in differences in body
weight but caused alterations in organ weights and ascorbic acid metabolism.
Fluoride in the drinking water of mice at 100 ppm or more caused infertility and
stillbirths, as well as retarded growth in weanling mice {7]. Embryonic death, growth
retardation, and incomplete ossification without gross abnormalities were reported
in rats [27].

In conclusion, this study is one of the few reproductive studies designed to assess
the effects of fluoride in birds, and in combination with the findings of Pattee et
al. [25] suggests that sodium fluoride could cause slight to moderate reproductive
impairment in owls nesting in polluted areas. It is possible that continuous exposure
to fluoride after hatching could cause further growth retardation in nestlings,
similar to that reported in young mammals.
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