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SUMMARY: A th.ee year study (19E4-1986) conducted in the
Puyaltup Valley, WA, sho{'ed that fluoride vas present in live

honey bees, dead honey bees' tereral adults and- sto'ed pollen'

Fluo;ide l;veb depended upon the location of the solonies

ln relation to a fluoride emitting source, - an alumlnum

smelter, and prevailing wind direction Data on frames of

adult bees, frames of brood, brood surYival, brood population

dvnamics and honev Droduction vere collected during the

siudy. Results indic;te'that the levels ol fluoride found were
not detrimental to the colonies over the length of the study'

KEY WORDS: Fluoride; Honey bees' 4E!9 491!!&!9.

Introduction

Honey bees, ADis meltifera L. are subiect to diseases' pests' Pesticide
poisoning' ana i;du;FGl Eifi-tants which msy result in bee moltality and loss

ii "oioiy vigor. Fluoride gases and particulates are released. as by-products

from atuminim smelterc and other ind$trlal factories" Airbo.ne Saseous
fluorldes can affect the g.ovth' quatity, and productivity of plants and animals

fl).

Reports concerning fluorlde levels in honey bees and their- resPonse to

airborn; fluo.ide emission are meager. This i3 especially true in North America

where imorovement$ in alr cleaning equlpmenr have renoved most of the

fluofide emitted from smelters (2). Dewey (3) found higher fluoride concentra-

;i;; i; ho;;t bees collected near an aluminum factory than in bees collected

at least 60 km avay from the plant.. Bromenshenk et aL (4) lound a higher

iluoride concentration in honey 
'bees 

cotlected near an lndustrial area than

in bees collected some kilometers away. Atkins, Anderson and Greywood (5)

demonsttated that conti[uous exposure to fluoride gases of 4-5 ppb (3'2-4'0

uglcublc meter) shortens the life-span of caged worker bees'

This paper reports results of research on effects and biological responses

of honey'bee colonies to different levels of airborne fluoride emissions under

field cooditions.

Materials and Methods

In January 1984, four honey bee colonies were placed at each of three
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Results and Discussion

Fluoride Content. Tbe mean contents of fluoride in (o. on) live bees, dead
6Gi-fi6iE?-i6lien and honey from the four locations are preserted in Tables
l, 2 and 3,

Mean fluoride conceDt.ations of llve adult bees B,as significsntly diffe.ent
between all locations in 1984 (Table l). Fluo.ide concentratlons vele hiShest
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locations in and near the Puyallup Valley, Plerce County, WA selected to
provide high, medium and low exposures of the bees to fluoilde. Locations were
separated by several kilometers at dlfferent distances and directions from the
K;iser Aluminum plant located at Fife, wA. The Fife Heights (FH) locatlon
was 0.8 km directly downvind and in the fume path from the smelter' adiacent
to a station that measured among other variables, ambient air fluoride concen-
tration. The Valley Road Farm (VRF) locatlon was 6.4 km east of the plant
in an area occasionally subjected to lumes from the smelte.. The third location
vas l0 km south southeast of the plant at the WashiDgton State Unlversity
Resea.ch Station (REC), an area not directly subjected to fumes from the
smelter. A control location f,,as established ln a non-indust.ial atea near
Prosser, WA, approximately 200 km east of the Puyallup Valley. In Ma.ch
1984 all colonies were lnspected and those not surviving the winte. were
reDlaced with viable colonies from outside the area. All colonie! we.e removed
from the locations in the fell of 19E4. In Ap.il, 1985, four honey bee colonies
established f.om package bees were again placed at each of the three locations
and at Prosser.

Live and dead adult honey bees, teneral adults, stored pollen, aod honey
obtained from each colony at esch location we.e collected and analyzed for
fluoride content. Samples for fluoride analysls were collected from each colony
as follows: (l) live adult bees at the hive entmncq (2) dead bees f.om Todd
traps (6); (3) teneral adults from 50 capped cells; (4) sto.ed pollen from 50
celis per colony by use of forceps; and (5) all the honey ftom ore flame per
colony at two different dates each year. Adult bees (200 to 400 per rample)
and pollen were analyzed at Boyce Thompson Institute, lthaca, NY by the
semi-automated method for fluorlde. Honey was analyzed for fluorlde at the
Irrigated ASriculture Research and Extenslon Center by the fluodde specific
electlode method.

Each year, beginning in April t984 and continsing until fall, each indivi-
dual colony was inspected every l0 to 14 days. Amounts of brood were esti-
mated in terms of number of square celltimeters of brood. In 1986, only
amounts of capped brood were estimated. Number of adult bees was estimated
ln terms of numbers of frames covered L,ith bees. In August, honey production
was evaluated in terms of number Df Langstroth combs or tenths' At each
inspection l0O cells containing eggs were tsgged with stick pins to outllne that
seition of the brood comb, At the Dext inspection, the number of cells wtth
brood vs empty cells were counted to obtain an estimate of brood survival
Brood populatlon dynamics were determined by removlng the cell cap and
recording the number of brood at dlfferent stages of growth. Durlng July,
August, and September, Todd traps were attached to the colonies for one or
two weeks to obtain estimates of adult mortqllty. Duncan's Multiple Range
Test was used to analyze data for statistical differences between locations
in concentrations of flqoride and biological parameters (7).
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Table l

Mean Fluoride Content of Live Honey Bees Collected at Different Locations'* Values

are oDm Fluor jde on a Dry Weight  Basrs '

M:v June Auqust
Locatron *5iL, ,n* lE-&#iE8-5 

-iOda--ita'--rss 1rs6 lrBrJ-r,E5 r'�66

REC 58'  28'  67'  48 '  97 '  35 '  66 '  1381 112'  99r

i3, 642 42, 50, 163'� 1232 8'l' 151' 2232 1a1'

FH 2442 p233 149, fl82 129t2 $13 2362

prosser 93 - 103 73 183 12" 83

251' 2$2 1€'62

6'631 5 3

Locat ion

F H

1984

85' 66r " 72'

90' 1 18' �  2112

2192 257' 2612 1303

5"
t  1 3

* REC = Washington State unrversrty Research Station; VRF = Valley Road Farmi

and FH = Fi fe Heights.

30'
66'�

86 '  68 i  57 '

108 ' �  1 r8 '  110 ' �

170. 2192 1'l'l'

13i

822

M e a n s w i t h i n a c o | u m n r e f e r e n c e d b y t h e s a m e n u m b e r a r e n o t s i g n i f i c a n t | y d i ' f e r e n t
i ; ; o.a; ;t Duncan's [19s1] Multiple Ranse Test)'

at the FH location and the lowest at Prosser' Yt' lh l!" |!-9-3"9^VRF 
locations

i,i "'i."lii,". 
- rj"i""v (3) round tti tfi [.]'i:"'"t;,JlJ""$:i":""r"J ffi;,#:

3?l;3-3'i$* 
'L l1l"rri i,i,'l'?'p;. 

'iil;;id-" r."".'ti"r honev- b-ees and r82
ffi';;""Iil ;;". 

-;; 
an inaustil'at area in the same area - of .Puset sound'

Washington. ln neither study, was 
_ttt"t" 

uny indication that.levels' of f luoride

i;#"fi;; ;.;;. i ;; i"a ,o ro*v u'" 'rnoiL"titv' In EuroPe' Dreher {8)'derermined

Lhat foraging bees exposed t9 rleat f luorine poltutibn contained^.9'2 to l0'5

lif :?;f i;'*,"'"':"1,"-i'"lll*".r*1";'o;J;1'"?':?";;'d;[lii;,':i!
ii'3i"u..--irt!i" ulf"ut"",o .be -an inc'ease in mean fluoride concentratron

obrained from l ive bees qurrng 1r ' l iy, August, and sePtember and.,a reduction

iri'ir'"io*.-ar.., ihis fall redriction'is not clearly related to rhe fluoride con-

;"; ; ; ; i ; ; ; ;  air at the site (Figure 1) '  we sPeculate that decreased pol len

iJiiii,ir;'i""bli"G. resutts in lowei contenttations in the fluoride content of

Iive bees.

M e a n f l u o r i d e c o n c e n t r a t i o n o f d e a d b e e s w a s s i S n i f i c a n t l y d i f f e l e n t
l.,ri'.li"r.""iio""- C"ir" zt. There were-no significant 91fJ"-lT:".:. in fluoride

;;;;;; ii;.;J dlad bees at the four locatio;s indicating that fluoride toxi-

c i t v w a s n o t l e l a t e d t o m o r t a l r t y . D r e h e r ( 8 ) h a s s u g g e s t e d t h a t t h e L D s o f o r
;i$;;,&iJ;;lo 1iln"* we found 358 ppn.(14'3,us) .fluoride rrom rive

i"* 
'l.rrlr"*a 'from 

one 
-colony 

at FH suggesting l0 ug/bee is not a toxic con-

;;;.;,i";:'w; ;t;ect that rnuch of tnJltuoriae is on the surface of the bodv

of the bee rather than inside it'

Fluoride
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Figure 1

Monthly mean !g HFm-3 at FH Monitoring Station and Monthly Mean ppm
of Live Honey Bees at FH in 1984, |985, and 1986.
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Fluoride rpas significantly higher only from teneral adults collected at FH
ir! both years. Meai values of iluoride levels ln tene.al adults were: REC 3
ppm, VRF 3 ppn, FH 15 ppm, and Prosser I Ppm, for 1985 and REC 8 ppm'
VRF ll ppm, and FH 17 ppm for 1986.

Fluodde in stored pollen was lowest at Prosser and highest at FH. The
VRF site was significantly higher than the REC site only in 1986 (Table 3).
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Table 2

Mean Fluoride Content of Dead Honey Bees Collected in Todd Traps
at Different Locations. Values are ppm Fluoride on a Dry Weight Basis.

Locataon 1984 1985

t l 7

REC

VRF

FH

Prosser

1o�2-

144-

223c

130"

21gc

Means within a column followed by the same letter are not significantly
different (p 5 0.5; by Duncan's [J951] l\rult iple Range Test).

Tabte 3

Mean Fluoride Content of ro,* ton", at Different Locations.
Values are ppm Fluoride on a Dry weight 8asis.

Location eor"nl984"on"y
1985

Pollen Honey
1986

Pollen Honey

REC

VRF

FH

Prosser

1.2'

o.9-

o.4-

0.70

0.7-

0.3-

o.gab

0.8I'

o.4c

184

61c

214

37-
^c

h

Means within a column fol lowed by the same letter are now signif icantly
dif ferent (p = 0.5; by Duncan's [1951] l \rult iple Range Test) '

There have been few analyses of the fluoride content in stored pollen, although
Maurizio and Staub (9) reported from I to. 18 ppm fluoride in various pollens
collected in Switzerland.

Fluodde concentration$ in honey were always low (Table 3). Tong et al.
(10) who reported concentrations of 0.001 to 8.9 ppm fluorine in honey from
New York, did not feel that the high amount was hazardous. We found a high
of 1.4 ppm fluoride for honey in our study.

No consistent patterns related to fluoride emerged duaing the three years
of the experiment (Table 4) i.e. fluoride had no effect on adult or brood
populations. The existing brood, and colony build up during the summer and
decline in fall were normal fo. honey bees.

Mean brood survival for the 3 year study was 9l% at REC, 90.3% at VHF,
9l% at FH and 91.6% at Prosser. ln 1984 and 1986 significant differences were
detected in brood suivival between locations, but they were not related to the
presence of airborne fluoride. No differences were detected in 19E5. Harbo
(ll) found average egg mortality of 7% and concluded that mortality was
influenced by both colony and queen, Sakagami and Fukuda {12) found 4-ll%

Fluo!ide
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Table 4

Bee Populations in Colonies at Different Locations in the Puyallup Valley

Mean Number of Frames per Mean Square Centimeters
Colony Covered by Adult Bees of Brood p€r Colony

FIl l 8

Location __--__-____Jg]y__
1984 198s 1986

August
1984 1985 1986+

Percent of honeY bee immal
days after egg€ were laid at

qrrE

Locqtlon(:)

-s--
;F-_-
-Nr-
;hs----
- l

:k
;Fs--
I-sE--
:Fr-

-c-:r
-N-

:F-
rl
-N-_

:Fd--
;l
:k
:F
-!-
:Ft--

E--
is-
F--r-
15-

F
t--
-

to

F

VRF

FH

22-

22'

t  1 a

16"

1ia

iB"

12"

24-

s32t "

8721ao
7359"o

tozt7^ 3agga
to2ro" ss72"b
ro68la 6ogs"

* Mean square centimeters of cappod brood per colony.

Means within a column followed by the same letter are not significantly
different (p 5 O,si by Duncan's [1951] Multiple Range Test.

mortality to the capped cell stage in normal, healthy colonies, about the same
as that we found.

Stage of brood development 14 days after eggs were marked is presented
lD Figu.e 2. No consistent differences were evident betqreen locations or time
of yeir of sampling ln the percent of individuals at the dlffe.ent stages of
development. Milum (13) shoB'ed that variatlons for complete- development
tlmes of indlvidual worke. tlees ranSed from slightly le-ss than 19 '/s days to
slightly more than 24 doys and developmental time of a pgpulation approached
a bell{h8ped curve. Our data show a similar curve for an immature population
of honey beeg

The mean number of dead bees per day ranged from 6 to 85' but there
were no significant differences bet{,een locations' The number of dead bees
were in the normal range of less than 100 per day at all locations {14).

There were no significant differences between locations in honey production
in t984 (Table 5): there were, however, in 1985 and 1986. woyke (t5) showed
that honey production is correlated to a varying degree x'ith worker population
and average length of productive life of wo.kers"

=
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@ {
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Tabte 5

Mean Frames of Honey in August at Different Locations

Location 1984 1985 1986

REc 2.5"

vRF 10.6"

FH g,2^

Prosaer

2.3-

f i "

Means within a column followed by the same letter are not significantly
different (p s 0.5; by Duncan's [1951] l\rultiple Range Test,
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Figure 2

Percent of honey bee immatures at different stages of development 10 to 14
days after eggs were laid at different locations (1 = prepupat 2 = white-eyed

PuPa and 3 = Pink-eyed PUPa'

Pross€r FH
Locotlon Locotion

VRF REC
Locotion Locotton-iz)- 

- 
-- (zt _ (z) - (z)

- D g d 3 o t s 3 ; 8 o d g d 8 . d 8 ; 3
= -f--l r-l El r----l
€ t l  l F , -  l F -  l l - - l
: -Es- | b-- | !-- | N- I
3  i F -  t F - -  t F - - t F -  I- N _ _  t N _  |  N _ -  t N -  |
s lkg---- | F- | t!- I Frs- |

- - -  +- l  lN-  lN-- - - - - - -  |  Fs-- - -  |
H ; i  lF-  |  FE- |  FE- |+  - N _  t N _  t N -  |  F s - - .  I

6 ; F -  l r  l F  -  l E F ,  I
E - t  t b _  t N -  t N - - - _  |= ! l  l t r -  l P 5 -  l F -  I
f  -k is  lN- |  is-  |  l - -  |

E ; t s - -  t s -  t F -  t F - i
5 - t  I  F - -  t F - - _  t F - - - - _ lc ; l  l t -  t F - .  l r ,  _  I

N_ | N- lN- i F------- |
Eu-- | F.e-- i F- | Fe i
N - -  lN - . - . - -  lN .  IN - -  |
E- lF-- | tr- tF---. I
I lN------, I N--.-. ls-----r I
I  t F -  t F -  t l r  I
N -  t N -  t N -  t N -  |
t r r - - '  lF -  F-  lF -  |
|  |N------------IN--"---- |F "- |
I  t t - -  t F -  t t r  I
F- | N-------- | N- | N---------a I
F s -  l t r -  l F  l [ -  |
N__ | NL- | NN- | Nr-- |

F * : l F -  l r _  l l -  - |
F

6 "
co ,lt

t
{

E]f,--lG-]
@- I F6'ff i l f- |
N- lN--------r lN- |
6 -  l ! -  t F F  I
N-'--' lN---l lN------i I
r-  |  tr-- I l -  |
N--, I F-----------1 | F-----r Ir - -  t r - t r  I
F - ,  l F -  r F ' . ]  r

Fluoride



Conclusion

Since ln our study honey Production wao equal to or hlSher at FH than

., tfr"'-otft " 
-t,ocationi 

in the'Puyallup Vslley, the hiSher concenhations of

il"".G;;;".;e6 have no etfeci on-the slze of I'orker populatlons or adult

life span"
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