
GRADUATE SCHOOL OF OCEANOGRAPHY
UNIVERSITY OF RHODE ISLAND

KINGSTON, RHODE ISLAND

Reproduction of the material contained in this report in
whole or in part is permitted for any purpose of the

3 United States Government

Distribution of this document is unlimited

Fluoride Chlorinity Ratios in Narragansett Bay

Ref. No. 72-1 .. -

by

Gerard R. Miller, Jr., Kyle Woosley, and Dana R. N'ester

Approved for distribution .
/

Sponsored by Office of Naval Research

Report under Contract No. N00014-68-A-0215AbO3

February 1972

Best Available Copy



S•.cintv Cl-ANifiration

DOCUMENT CONTROL DATA. R & D
O,.I, .la lki w f, 'l title. ),.dr ,.4 nb.s.l• 110 .i iu1,10i116 .4mF1,1al,11 041.0 fr eViltewl When te uvegefi w to is selee ii

ONIC-IA? TING ACTI*ITI isp..rsfe.Nethu,) ]4. "RPORT S¢CURITY CLA "01 ICAIiOM

Graduate School of Oceanography
University of Rhode Island I,, GROUP
Kingston, Rhode Island 02881

! uH 'OIrv TI T69

Fluoride Chlorinity Ratios in Narragansett Bay

A. C•[SCRIPTIVC NOTIES (TYpO o0 repoie and inclusive datWe)

Technical Report
:, AU THOR4SI (Fitst nAme, middle initial, Mast name)

Gerard R. Miller, Jr., Kyle Woosley, and Dana R. Kester

6 REPONT OATr IS. TOTAL NO. OF PAr.I JTb NO. OF REPS

February 1972 16 17
Do, CONTRACT OR GRANT NO. 9&. ORI@INATOW5 RNEPOOT NUMRISRI|

ONR NO0014-68-A-0215°003
b. PRoJECT NO. A 72-1

C. 9b. OTHER REPORT NOIS) (Any other numbers that iy be ea.st$*e"
this report)

d.

10. DIST0II%.•TION STATEMENT

Distribution of this document is unlimite'd

It1 SUPP.•PMENTANRY NOTES 12. SPONSORING MILITARY ACTIVITY

11. AA5TRAiTf

l,.ioridation of domestic water supplies contributes a significant portion
of the t.!tai fluoride at the head of Narragansett Bay. Fluoride and chlorinity
measuremnts were made at twelve stations in Narragansett Bay to evaluate their
use :S chc'iical tracers in this estuarine environment. The ratio of fluoride
to chlrinity ranged from 6.7 to 8.3 x 10.5 mg F/Cl*/.o. The observations
indicate that fluoride mixes conservatively along the main axis of the Bay
and there tias not sufficient evaporation or fluoride removal to be detected
in the plot of fluoride-chlorinity ratio versus I/C1/..

D D oN 1473 WPAGE I)

21 _ ___ ____ ____ ____



licufity Classification
14. , N N •I|I

KxY WONOR LINN A 1600 0 WWX C
__ _ __ _ __ _ __ _ __ _ __ _ __ _ __ _ __ _ __ _ __ _ NOLS WVi 301., I Wlr 301.5[ W

Fluoride

Fluoride-chloride ratio

Narragansett Bay Fluoride

Estuarine Fluoridated Waters

DD '"O 14173 (BACK)
(PAGE 2) } hwty Clemtfttlo



ABD•TRACT

Fluoridation of domestic water supplies contribates a sit'nifieant Portion

of the total fluoride at the head of Narragansett Bay. Fluoride and ehlorinity

measurements were made at twelve stations in Narragansett Bay to evaluate their

use as chemical tracers in this estuarine environment. The ratio of fluoride

to chlorinity ranged from 6.7 to 8.3 x 10-5 mg F/Cl0 /00. The observations

indicate that fluoride mixes conservatively along the main axis of the .kay

and there was not sufficient evaporation or fluoride removal to be detected

in the plot of fluoride-chlorinity ratio v-rsus 1/Cl! 0 o.
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INTRODUCTION

The fluoridation of domestic water supplies at the head of Narragansett

Day represents a significant input of fluoride to the Bay. The Blackstone,

Providence, and Pawtuxet Rivers are the main sources of fresh water in this

region (U. S. Geological 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 (the period 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 contributes

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 36% of

the natural input annually.

Even though the quantities of fluoride added to estuarine waters by

fluoridation can be comparable to the natural input, this addition of fluoride

probably does not constitute a pollution threat. Sea.vater contains 1.3 mg F/l,

whereas fluoridated domestic water contains 1 ng F/1. 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 (Eavgers, 1969; floore, 1971).

The enrichment of fluoride in estuaries by fluoridation, and the gener-lly

greater proportion of fluoride to other dissolved substances in fresh waters than

in seawater, suggests that fluoride may be a useful chemical tracer of Drocesses

in the estuarine environment. In the open ocean the ratio of fluoride to

chlorinity, F/C10 /Oo, is constant with only unusual exceptions (Greenhalgh and
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Riley, 1963; Riley, 1965; Brewer, Spet~cer, and Wilkniss, 1970; Bewers, 1971;

Kester, 197la). Chlorinity is a measure of the chloride (and bromide) in

the water, and it is directly related to the salinity, S0/00, by

S 0/oo = 1.80655 Cl°/oo (Riley and Chester, 1971). In estuaries, the F/C10/..

ratio should vary with the extent of mixine between the seawater and fresh

water. A correlation between F/CI 0 /%o and 1/Cl 0 / 0 0 will reveal conservative

mixing (Fig. 1). The depletion of fluoride (e.g., 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

we have ezamined 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 chlorinitles

of l0-IIl/oo. The concentration of fluoride in Georgia 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.

I-TEIT1ODS

Sea water samples were collected from several depths (0, 3, 6, 12, 20 m)

on 9 July 1971 at twelve stations in Tlarragansett Bay (Fig. 2). The sa.ntles

were obtained with 5-liter Riskin bottles at the surface and within one meter

of the bottom and with 1.3-liter Nansen bottles at intermediate depths,



A EVAPORATION DURING 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),
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Figure 2. Station locations in the Providence River and Narragansett Bay,

Rhode Island.
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Fluoride samples were stored in 125 ml polyethylene bottles which had been

washed with 2 N HCI and soaked with filtered seawater. Salinity samples were

placed in 250 m)l Class screw cap bottles. The samples were not filtered in

order to detect both suspended and dissolved fluoride. All analyses were

performed within one week of collection.

The fluoride measurements were made using the lanthanum-alizarin complexone

method of Greenhalh and Riley (1961). Standard fluoride solutions (1.1,

1.3, and 1.5 rng F/I as NaF) were measured with each set of samples to account

for any variation in the reagents or the Bckman DU-2 snectrophotometer.

The fluoride concentration was exnressed Rs mg of fluoride per kp of seawater

so that the values and the fluoride-chlorinitv ratios were independent of

temperature. The precision of the analysis was 1.5', based on two standard

deviations of day-to-day replicate determinations (Kester, 1971b).

Chlorinity and salinitv were based on measurements of the conductivity

ratio to Copenhagen Standard Sea Water using an inductive salinometer and

the International OceanograDhic Tables (UM!ESCO, 1966).

RELULTS .AND DISCUSSION

Some of the nhysical aspects of Narragansett Bay have been sun-arized

by Hicks (1959) and Hess (1970). The primary source of fresh water to

NTarragansett Bay during the summer is in the vicinity of the Providence

River. The salinity at station 12 was remarkably uniform with depth

(29.300/oo at the surface, 29.7-T4/o within one meter of the bottom), while

a larper gradient occurred at station 6 (28.830/oo at the surface, 30,63*/ao

7
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near the bottom). This observetion along with the salinity data at the other

stations indicates that during our period of observation the stratified 101,

salinity irater flowed from tho Providence River to the East Passage. Any

flow of low salinity water past station 12 was accompanied by vertical mixing,

probably by tidal action, iiithin the narrow constriction. Haight (1938)

renorted currents of up to one knot at this location. Similar observations

at station 8 (29.400 / 0 0 at the surface, 30.200/oo at the bottom) indicate any

low salinity flow from •'Tount Hope Bay is associated with strong vertical

mixing before it reaches the East Passage. Thus, in the examination of fluoride

as a chemical tracer in the Bay, it is most useful to consider stations 1-7.

The distribution of salinity from stations 1 to 7 is shown in Fig. 3.

Typical estuarine flow 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 effects, occur primarily in the

upper six meters at these stations. The fluoride-chlorinity ratio is shown

versus l/Cl/ 0 0 for these waters in Fig. 4. The less saline waters are

clearly enriched with fluoride relative to chloride, which may result from

either the input of fluoridated domestic waters or fluoride rich natural

waters. ?tost of the data fall within the 95W confidence limits of a least

squares linear regression, and there appears to be no significant curvature

which would result from evaporation or fluoride removal. Points A and B show

the greatest departure from the overall trend. These data are from 0 and 3 m

at station 5. A plot of fluoride concentration versus salinity (Fig. 5)

reveals that these samples contain approximately 41 more C'uoride than the

other snmples, and hence they are anomalous due to their fluoride content and

8



Ij.i

00

c

C-'A

- IN
'Ad

4- 'A

OD )V
Phi 0

w 4j

'H z
V4 0

0

z $4

4 'a

N N

jsi~) Hi 3a



SALINITY (%0)

30 28 26,

83

79 A*
+- /

6 7

__Ii I _ _I

5.8 6.2 6.6 T.0

I_ x I02
CI %0

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 S, 9 July 1971.
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;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 sealater by

2120,, the fluoride concentration Varies by less than 2% (except for 0 and 3 m

at station 5). The fluoride content of the fresh water, therefore, is

comparable to that of the seawater (approximately 1 Mag/l) which is typical of

fluoridated, rather than natural, fresh water. The observations of the

floride-chlori.nity ratio in Narragansett Bay indicate that fluoride mixes

conservatively along the main axis of the Bay and there was not sufficient

evaporation or fluoride removal during the early part of July 1971 to be

detected in the plC of fluoride-chiorinity ratio versus i/CI~o.

¢1
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TABLE 1

Fluoride and Fluoride Chiorinity Ratios in Narragansett Bay

Station Depth F Salinity F/Cl
Sm•/kg 00Io x 10 g/kF -,cioloo

1 0 1.12 25.32 7.95
3' 1.13 25.46 8.02
6 i.14 :6.17 7.;83

12 1.12 '29 A4 6.85

2 0 1.16 25.2,4 8.28
3 1.15 25.59 8.13
6 1.15 28.76 7.20
12 1.16 29.60 7.07

3 0 1.15 '25.118 8.16
3 1.15- 27.68 7.52
6' 1.13 29.26 6. 99-

12 1.15 29.65 6.99

4 0 1.12 26.55 7.61
3 1.13 27'.95 7.33
6 1.16 28.70 7.29

12 1.15 29.98 6.94

5 0 1.18 27.13 7.85
3 1.19 28.99 7-.1l
6 1.16 29.53 7.10

12 1.15 30.18 6.86

6 0 1.13 28.83 7.06
3 1.13' 28.82 7.07

1.114 30.13 6.81U
12 1.111 30.63 6.75

7 0 1.15 29.90 6.94
3 1.15 30.o6 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 29.14o 6.89
3 1.13 29.42 6.92
6 1.12 29.53 6.88

12 1.12 29.98 6.76
23 1.12 30.20 6.71

:1.6IM
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TABLU 1 (Continue.d)

Station Depth F Salinity F/Cl
,0o x 105 ,/kg - Clo/oommfr/kg ofl

9 0 1.15 29.98 6.94
3 1.15 29.98 6.n6
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 29.74 7.03
3 1.15 29.79 7.0n
6 1.16 30.06 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 29.74 7.06
21 1.16 29.88 7.03
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