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ABSTRACT

Fluoridation of domestic water supplies contributes a sirnificant vortion
of the total fluoride at the head of Narragensett Bay. Fluoride and chlorinity
measurements were made at twelve stations in Narragensett Bay to evgluate their
use as chemical tracers in this estuarine environment. The ratio of fluoride

to chlorinity wanged from 6.7 to 8.3 x 1077

mg F/C1°/00. The observations
indicate that fluoride mixes conservatively along the main axis of the Ray
and there was not sufficient evaporation or fluoride removal to be detected

in the plot of fluoride-chlorinity ratio v~rsus 1/C1%/60-



INTRODUCTION

The fluoridation of domestic water supplies at the head of Narragansett“
Bay represents a siznificant input of fluoride to the Bay. The Blackstone,
Providence, and Pawtuxet Rivers are the main sources of fresh water in this
region (U. S. Ceological Survey, 1969; Hess, 1970) and these rivers contain
0.2 mg F/1 (U. S. Geological Survey, 1958). The natural input of fluoride by
these sources is 3.1 g F/sec during July (thé veriod to be considered in
this report) and is 8.1 g F/sec annually. The addition of fluoridated water
(1 mg F/1) through the domestic water supplies and sewage treatment plants of
Cumberland, East Providence, Pawtucket, Providence, and Woonsocket contridbutes
2.9 g F/sec throughout the year. Thus, fluoridation doubles the natural input
of fluoride at the head of Narragansett Bay during July and amounts to 367 of
the naturel input annually.

Even though the quantities of fluoride added to estuarine waters by
fluoridation can be comparable to the natural input, this asddition of fluoride
probably does not constitute a pollution threat. Seavater contains 1.3 mg F/1,
vhereas fluoridated domestic water contains 1 mg F/l. Marine organisms should
thus be able to tolerate the fluoride concentrations of fluoridated waters,
and this level of fluoride is not known to be toxic (Earers, 1969; Moore, 19T1).

The enrichment of fluoride in estuaries bv fluoridation, and the generally
. preater proportion of fluoride to other dissolved substances in fresh waters than
in seawater, surgests that fluoride may be a useful chemical tracer of processes
in the estuarine environment. In the open ocean the rnt1; of fluoride to

chlorinity, F/C1°/00, 18 constant with only unusual excevtions (Greenhalgh and

J



Riley, 1963; Riley, 1965; Brewer, Speucer, and Wilkniss, 1970; Bewvers, 1971;
Kester, 1971a). Chlorinity is a measure of the chloride (and bromide) in

the water, and 1t is directly related to the selinity, 8°/¢0, by

S°/00 = 1.80655 C1°/oo (Riley and Chester, 1971). In estuaries, the F/C1°/o,
ratio should vary with the extent of mixing between the sesvater and fresh
vater. A correlation between F/C1°/,, and 1/C1°/,, will reveal conservative
mixing (Fig. 1). The depletion of fluoride (e.r., precipitation) without the
loss of water would transpose the points of the conservative mixing curve to
lower values along the ordinate (curve C of Fig. 1). The loss of water
(e.g., evaporation) without the removal of fluoride would move the points of
curve B to lower values along the abscissa (curve A of Fig. 1). In this work
wve have examined the occurrence of fluoride in Narragansett Bay to test its
usefulness as a chemical tracer during the mixing of seawater and fresh
water. Windom (1971) reported a study of fluoride in coastal waters of
Georgia in which the influence of river runoff was.detectable up to chlorinities
of 10-11°/,,. The concentration of fluoride in Ceorgia rivers was reported
as 0.05 to 0.08 ppm (mg/kg). He found evidence of the removal of fluoride

from the estuary by sediments.
METHODS

Sea vater samples were collected from several depths (0, 3, 6, 12, 20 n)
on 9 July 1971 at twelve stations in 'arrapgansett Baq»(Fig. 2). The samples
vere obtained with S5-liter Niskin bottles at the surface and within one meter

of the bottom and with 1l.3-liter Nansen bottles at intermediate depths,




A EVAPORATION OURING MIXING
B CONSERVATIVE MIXING
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Figure 1. Mixing curves for fresh and seawater showing evaporation of water
without loss of fluoride (A), conservative wiping (B), and

removal of fluoride without .oss of water (C).



Figure 2. Station locations in the Providence River and Narragansett Bay,

Rhode Island.
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Fluoride samples were stored in léS ml pblyethylene bottles which had been
wvashed with 2 N HCl and soaked with fi{ltered seawater. Salinity samples were
vlaced in 250 ml glass screw cap bottles. The samples were not f!ltered in
order to detect both suspended and dissolved fluoride. All analyses were
performed wvithin one week of collection.

The fluoride measurements were made using the lanthanum-slizarin complexone
method of Greenhalgh and Riley (1961). Standard fluoride solutions (1.1,
1.3, and 1.5 mg F/1 as NaF) were measured with each set of samples to account
for any variation in the reapgents or the Beckman DU-2 spectrophotometer.

The fluoride concentration was exnressed es mg of fluoride per kg of seawater
so that the values and the fluoride-chlorinitvy ratios were independent of
temperature. The precision of the anelysis was 1.5%, based on two standard
deviations of day-to-dav replicate determinations (Kester, 1971b).

Chlorinity and salinitv were based on measurements c¢f the conductivity
ratio to Copenhagen Standard Sea Water using an inductive sslinometer and

the International Oceanogravhic Tables (UMNESCO, 1966).
EOULTS AND DISCUSSION

Some of the nhysical aspects of Narragansett Bay have been sunmarized
by Hicks (1959) and Hess (1970). The primary source of fresh vater to
Narrapansett Bay durinr the summer is in the vicinity of the Providence
River. The salinity at station 12 was remarkably uniform with depth
(29.30°/00 at the surface, 29.T4°/s0 Within one meter of the bottom), while

a larmer gradient occurred at station 6 (28.83°/,0 at the surface, 30.63%/qe



near the bottom). This obgervetion along with the salinity data at the other
stations indicates that during our period of observation the stratiffed low
salinity vater flowed from the Providence River to the Fast Passage. Any
flow of low salinity water vast station 12 was accompanied bv vertical mixingz,
probebly by tidal action, vithin the narrov constriction. Haipght (1938)
renorted currents of up to one knot at this location. Similar observations
at station 8 (29.40°%/,, at the surface, 30.20°/5, at the bottom) indicate any
low salinity flow from !ount Hope Bay is associated with strong‘vertical
mixing before it reaches the Last Passage. Thus, in the examination of flunride
as a chemical tracer in the Bay, it is most useful to consider stations 1-T.
The distribution of salinity from stations 1 to T is shown in Fig. 3.
Typical estuarine flov is evident with water from Rhode Island Sound wedged
beneath the lower salinity water of the Providence River. The low salinity
contribution, and hence the greatest mixing éfrects, occur primarily in the
upper six meters at these stations. The fluoride-chlorinity ratio is shown
versus 1/C1°/,, for these waters in Fig. 4. The less saline waters are
clearly enriched with fluoride relative to chloride, which may résult from
either the input of fluoridated domestic waters or fluoride rich natural
waters. ltiost of the data fall within the 95% confidence limits of a least
squares linear regression, and there apvears to be no signitlicant curvature
vhich would result from evaporation or fluoride removal. Points A and B show
the greatest departure from the overall trend. These data are from O and 3n
at stetion 5. A plot of fluoride concentration versus salinity (Fig. 5)
reveals that these samples contain nnproximutel& L7 more f.uoride than the

other samples, and hence they are anomalous due to their fluoride content and
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Figure 4. Fluoride chlorinity ratio versus inverse chlorinity in Narragansett

Bay. Points A and B are from 0 and 3 m at station 5, 9 July 1971.
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Figure 5. Plot of fluoride concentration versus salinity in Narragansett

Bay. Points A and B are from 0 and 3 m at station §, 9 July 1971.

.20 —
~ L B
o
& = oA
2 ey
E} .16 [—e . o 00 o s 6 l
0 - e ° . e o0 " [
'(a:,):" - e ® ] |
=~ @ . ) ® l
L:_?l_.iz = e e e 1
108 ! l | } i ]
26 28 30 32

SALINITY (%o)

11




10

not due to their chlorinity. We have not been able to identify a source of
this excess fluoride.

One remarkable feature about the fluoride distribution is that even
though the fresh water input reduces the- salinity of the incoming seawater by
207, the fluoride concentration varies by less than 2% (except for 0 and 3 m
at stetion 5). Thé fluoride contént of the fresh water, therefore, is
comparsble to that of the seawater (anmproximately 1 mg/l) which is typicel of
fluoridated, rather than natural, fresh water. The observations of the
fluoride-chlorinity ratio in Narragansett Bay indicate that fluoride mixes
conservatively along the main axis of the Bay and there was not sufficient
evaporetion or flucride removal during the early part of July 1971 to be

detected in the pl.¢ of fluoride-chiorinity ratio versus 1/C1%/40.
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5 b
.; ‘ TABLE 1
Fluoride -and Fluoridé Chlorinity Ratios in Narragansett Bay
; Station  Depth F salinity '5 F/CL
E om mg/kg o0 x 10”7 g/kg - C1°%/ o0
- 1 0 1.12 25.32 7.95
3 3 1.13 25.46 8.02
: 6 1.14 26.17 7.83
5 12 1.22 294 6.85
3 2 0 1.16 25.2l 8.28
3 1.15 25.59 8.13
2 6 1.15 28.76 7.20
3 12 1.16 29.60 7.07
3 0 1.15 25.48 8.16
3 . 3 1.15 27.68 7.52
e 6 115 29,26 6599
A 12 1.15 29.65 6.99
I 0 1.12 26.55 7.61
4 6 1.16 28.70 7.29
12 1.15 29.98 6.94
3 5 0 1.18 21.13 7.85
3 1.19 28.99 T.h1
3 6 1.16 29.53 7.10
i 12 1.15 30.18 6.86
3 6 0 1.13 28.83 7.06
3 1.13 28.82 7.07
6 1.14 30.13 6.8%
12 1,1k 30.63 6.75
3 T 0 1.15 29.90 6.0l
3 1.15 30.06 6.94
; 6 1.15 30.70 6.79
12 1.16 30.88 6.78
20 1.17 31.09 6.79
28 1.17 31.28 6.75
; 8 0 1.12 29.40 6.89
3 1.13 29.42 6.92
6 1.12 20.53 6,88
12 1.12 29,98 6.76
23 1.12 30.20 6.7
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TABL” 1 (Continued)

Station Depth F Salinity - F/C1
: m ma/ke °/ o0 x 107 p/ke = C1°/ 00

9 0 1.15 29,98 6.9h

3 1.15 29.98 6.96

7 1.16 30.67 6.86

10 0 1.15 29.96 6.95

3 1.15 29.95 6.93

6 1.16 30.47 6.87

11 0 1.16 29.7h 7.03

3 1.15 29.79 7.00

6 1.16 30.00 6.97

7 1.15 30.53 6.83

12 0 1.16 29.30 7.12

3 1.16 29.36 7.12

6 1.15 29.58 7.03

12 1.16 20.7h 7.06

21 1.14 29.88 7.03
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