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K arenia brevis (form erly G ym nodinium  breve) is a m arine dinoflagellate responsible for red tides 
th a t form  in the  G u lf  o f  Mexico. A. brevis produces brevetoxins, the po ten t toxins th a t cause liem i > 
toxic shellfish poisoning. T here  is also lim ited  in form ation  describing hum an  health  effects from  
env ironm en ta l exposures to  brevetoxins. O u r  objective was to  exam ine th e  im pact o f  in h a lin g  
aerosolized brevetoxins du ring  red tide events on self-reported sym ptom s and pulm onary  function. 
W e recruited  a g roup o f  28 healthy  lifeguards w ho are occupationally  exposed to red tide toxins 
during  their daily w ork-related activities. T hey  perform ed spirom etry tests and reported  sym ptom s 
before and  after their 8-hr shifts du ring  a tim e w hen there was no red tide (unexposed period) and 
again w hen there was a red tide (exposed period). W e also exam ined how  m ild exercise affected the 
reported sym ptom s and spirom etry tests during  unexposed and exposed periods w ith  a subgroup o f 
the same lifeguards. E nvironm ental sam pling ( K  brevis cell concentrations in seawater and breve- 
toxin concentrations in  seawater and air) was used to confirm  unexposed/exposed status. Com pared 
w ith  unexposed periods, the  group o f  lifeguards reported m ore upper respiratory sym ptom s during  
the exposed periods. W e  d id  n o t observe any im pact o f  exposure to aerosolized brevetoxins, w ith  o r 
w ithou t m ild exercise, on  pulm onary  function. K ey words: aerosol, brevetoxins, Karenia brevis, life­
guards, pulm onary  function, red tide, spirom etry. Environ H ealth  Perspect 113:644—649 (2005). 
doi:10 .1289/ehp.7502 available via http:lldx.doi.orgl [O nline 10 February 2005]

Karenia brevis (form erly Gymnodinium breve) 
is a m arine dinoflagellate responsible for red 
t id e s  th a t  fo rm  a n n u a l ly  in  th e  G u l f  o f  
M exico. K  brevis p roduces brevetoxins, the  
p o ten t toxins th a t cause neurotoxic shellfish 
p o iso n in g . T h e  h u m a n  h e a lth  effects from  
consum ing shellfish w ith  h igh concentrations 
o f  brevetoxins in their tissues have been well 
d o c u m e n ted . H ow ever, th e re  is very  little  
inform ation  describing h u m an  health  effects 
f ro m  e n v iro n m e n ta l  e x p o su re s . In  194 8  
W oodcock stated, “It is ironic th a t we know  
th e  least a b o u t th e  asp ec ts  o f  th e  F lo r id a  
re d  t id e  p ro b le m  th a t  p o ses  th e  g re a te s t  
p ub lic  h ea lth  hazard  in  term s o f  n u m b er o f 
people affected” (H em m ert 1974). In 1999 
K irk p a trick  et al. (2001) c o n d u c ted  a p ilo t 
s tudy  o f  th e  im pact o f  env ironm en ta l expo­
sures to  F lo rid a  red  t id e  d u rin g  a red  tid e  
research cruise. A lthough the  num ber o f  par­
t ic ip a n ts  w as sm a ll, tw o  sc ie n tis ts  (b o th  
< 30 years o f age and w ith no reported under­
lying pulm onary disease) reported difficulty in 
obtaining a deep breath and had  decreases in 
p u lm o n a ry  fu n c tio n  p a ra m e te rs  on  a day  
w hen K  brevis cell counts were m easured at 
> 8 m illion  cells/L  and  th e  w in d  speed was 
h igher than  on o ther cruise days. In addition 
to the reports o f  effects on healthy individuals, 
there  is evidence th a t laborato ry  sheep w ith  
induced  asthm a and people w ith  asthm a are 
adversely affected from  exposure to aerosolized

brevetoxins (A braham  et al. 2005; F lem ing 
et al. 2005).

A  p ilo t s tu d y  o f  recreational beachgoers 
(B a ck e r  e t a l. 2 0 0 3 )  fo u n d  s ig n if ic a n t  
increases in reported upper and lower respira­
tory  sym ptom s bu t no significant differences 
in  sp iro m e try  te s t  p a ra m e te rs  d u r in g  th e  
exposed periods (when there  was a red tide) 
when com pared w ith  sym ptom  and spirom e­
try data collected during  an unexposed period 
(w hen th e re  was no  red  tid e ). H ow ever, a 
n u m b er o f  lim ita tio n s were associated w ith  
the study; for example, the  study participants 
w ere a co n v en ien ce  sam ple  o f  peo p le  w ho 
cam e to  th e  beach and  included  som e in d i­
viduals w ith  underly ing  respiratory  illnesses 
(i.e., ch ron ic  obstructive  p u lm o n ary  disease 
and /or a history o f smoking), and m any par­
ticipants reported that they  had  been exposed 
to airborne red tide  toxins for up  to  a week 
before the study and believed their sym ptom s 
had  decreased during  that time.

T o  b eg in  to  address th e  l im ita tio n s  o f  
earlier studies, we w anted  to identify a group 
o f  healthy  individuals w ho were occupation­
ally exposed to aerosolized brevetoxins during 
red tide events. W e identified a population o f 
fu ll-tim e lifeguards w ork ing  along F lorida’s 
gu lf coast who were willing to participate in a 
study. T his group was interested in the health 
effects from  inhaling aerosolized brevetoxins 
because the  beaches in these com m unities do

n o t close d u rin g  o nshore  red  tides an d  th e  
lifeguards are required  to conduct their n o r­
m al activities, including staying in the  beach 
guard  tow ers for approxim ately  6 h r  du ring  
each shift.

In addition to their potential exposures to 
aerosolized brevetoxins while conducting their 
w o rk  ac tiv ities, lifeg u ard s engage in  som e 
form  o f vigorous exercise (e.g., tunning, swim­
m in g )  e ac h  w o rk d a y . In v e s t ig a to rs  h av e  
reported that strenuous exercise (exercise that 
causes m ou th  breathing) can induce reversible 
b r o n c h o s p a s m  in  a s th m a t ic  in d iv id u a ls  
(K irkpatrick et al. 1982). Because brevetoxin 
also causes b ronchospasm  in laboratory  ani­
m al studies (W ells et al. 1984), it is possible 
th a t  exercising  on th e  beach  d u rin g  a tim e  
w hen there is red tide aerosol blowing onshore 
is a risk  fa c to r  fo r d ev e lo p in g  re sp ira to ry  
sym ptom s or changes in pulm onary function.

O u r objective was to conduct an occupa­
tional epidem iologic study in healthy workers 
to evaluate the  reported sym ptom s and respi­
ra to ry  effects (using spirom etry) from  expo­
su re  to  a e ro so liz e d  re d  t id e  to x in s  a n d  
conduct a p ilo t study to assess w hether m ild
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o u td o o r  ex erc ise  d u r in g  a re d  t id e  ev en t 
affects pu lm onary  function test (PFT) results 
or the num ber o f self-reported symptoms.

Materials and Methods
Stu dy pro toco l. T h e  s tu d y  p ro to c o l  w as 
approved by the institutional review boards o f 
the Centers for Disease Control and Prevention 
(A tlanta, G eorgia); th e  F lorida  D ep artm en t 
o f  H e a lth  (T a llah assee , F lo rid a ); a n d  th e  
University o f M iami (Miami, Florida).

Study population. T o be included in our 
study, an individual was required to be a full­
tim e lifeguard w orking at one o f  the beaches 
in  Sarasota or M anatee  co u n ties  in F lorida  
a n d  at least 18 years o f  age. W e re c ru ite d  
28 fu ll-tim e lifeguards w ho m et ou r criteria  
and vo lun teered  to be in the  study. In gen­
eral, these lifeguards are physically fit, partici­
pate in daily aerobic and weight training, and 
have little pulm onary disease.

Pulmonary function tests. Spirom etry tests 
were done using portable 8-L dry rolling-seal 
volum e spirom eters (O M I, Flouston, TX) by 
personnel trained using the course developed 
by the  N a tio n a l In s titu te  for O ccu p a tio n a l 
S a fe ty  a n d  F le a lth  (N IO S F 1  1 9 9 7 ) . T h e  
spirom etry values o f  interest were forced vital 
capacity (FVC), forced expiratory volum e in 
1 sec (FEV j), F E V j/FV C  percentage, forced 
expiratory flow between 25 and 75%  o f  total 
FV C  (FEF2s_7s%), and peak expiratory flow 
(PE F). W e used  th e  reference values from  
O M IS 9 8  S p ir o m e tr y  so f tw a re  (v e rs io n  
3 .18 .7 ; O M I, H o u s to n , TX ) and  the  in te r­
p r e ta t io n  re c o m m e n d a tio n s  fro m  th e  
A m erican  T h orac ic  Society (1991) to com ­
pu te  p red ic ted  sp irom etric  values. All study  
p a rtic ip an ts  h ad  at least th ree  reproducib le  
spirograms before and after visiting the beach, 
an d  th e  best values from  these th ree  sp iro ­
grams were used for data  analysis (American 
T h o ra c ic  S o c ie ty  1 9 9 1 ) .  T h e  d a ta  w ere  
co n sid e re d  a d eq u a te  if  th ey  c o n fo rm e d  to 
s ta n d a rd  g u id e lin es for th e  co llec tio n  an d  
in te rp re ta tio n  o f  sp iro m etry  m easu rem en ts 
(American Thoracic Society 1995).

Symptoms an d  respiratory effects study. 
T he lifeguards were interviewed using a ques­
tionnaire  com prising questions about dem o­
g ra p h ic s  a n d  p u lm o n a ry  h e a l th  h is to ry .  
D uring a tim e when there was no red tide, we 
co n d u cted  pre- and  postshift baseline PFTs 
and  sym ptom  surveys. T h e  sym ptom  survey 
in c lu d ed  qu estio n s ab o u t up p er resp irato ry  
sym ptom s (i.e., eye and th roat irritation, nasal 
c o n g e s tio n , co u g h ) a n d  lo w er re sp ira to ry  
sy m p to m s (i.e ., chest tig h tn ess , w heezing, 
shortness o f breath). T he duration  o f  the shift 
was 8 h r and included approxim ately 6 h r  o f 
exposure  to  m arin e  aerosols. T h e  pre- an d  
p o stsh if t P F T s a n d  sy m p to m  surveys w ere 
re p e a te d  d u r in g  a t im e  w h e n  th e re  w as a 
red tide.

Exercise p ilo t study. M ost o f the lifeguards 
regu larly  ru n  on  th e  beach  as p a r t o f  th e ir  
physical tra in in g . H ow ever, ru n n in g  as an 
activ ity  to  increase m in u te  v e n tila tio n  and  
m o u th  breathing was no t appropriate for this 
s tu d y  because th e  c o n ce n tra tio n s  o f  b reve­
to x in s  in th e  a ir  are n o t  c o n s is te n t a lo n g  
th e  sh o re lin e . In s te ad , we used  a M o n a rk  
E rgom edic  w eight ergom eter (m odel 874E; 
W ynne International, N ew  D undee, O ntario , 
C anada). T h e  ergom eters were placed in the 
su rf  zone ad jacen t to  a lifeguard  tow er and  
near one o f the high-volum e air samplers used 
to m on ito r brevetoxin concentrations. D uring  
a tim e when there was no red tide, a subgroup 
o f  th e  l if e g u a rd s  p e r fo rm e d  tw o  se ts  o f  
s p iro m e try  te s ts  (5 m in  a p a r t) ,  ro d e  th e  
ergom eter for 5 m in  at a constan t w orkload 
(90 cal/watt), and then  perform ed another set 
o f  tw o sp iro m e try  tests (im m ed ia te ly  after 
e x e rc is e  a n d  15 m in  a f te r  e x e rc ise )  a n d  
reported their sym ptom s. D uring  the exposed 
p e r io d , th e  sam e  su b g ro u p  o f  life g u a rd s  
re p e a te d  th e  s tu d y  a c tiv itie s  e x cep t th a t ,  
because the results from  the two sets o f  spri- 
om etry  tests done im m ediately after exercise 
and  1 5 m in  after exercise w ere sim ilar, the 
lifeguards perform ed only one set o f  spirom e­
try  tests before and after exercising. In addi­
tio n , d u rin g  th e  exposed p e rio d , th e  s tu d y  
activ ities  w ere p e rfo rm e d  before  an d  afte r 
th e ir  sh ift to assess any changes in m o rn in g  
and afternoon environm ental conditions.

Environmental monitoring. D uring b o th  
studies, water samples were collected daily in 
1-L glass b o ttle s  at 0830  h r, 1200 hr, an d  
1600 hr, from  the  su rf  zone adjacent to the 
s tu d y  h igh -vo lum e air sam pler locations. A 
20-m L subsam ple was taken from  each bottle 
and fixed w ith U term ohl’s solution to provide 
K. brevis cell c o u n ts . T h e  re m a in in g  w ater 
s a m p le  w as t r a n s p o r te d  to  M o te  M a rin e  
L ab o ra to ry  a n d  p rocessed  for liq u id  c h ro ­
m a to g ra p h y -m a ss  sp e c tro m e try  (L C -M S ) 
analysis according to the procedure o f Pierce 
et al. (2003).

In  th e  l a b o r a to r y  b r e v e to x in s  w e re  
extracted by  passing the  water th rough  a C-18 
so lid -p h ase  e x tra c tio n  d isk  u n d e r  vacu u m  
(Ansys Technologies, Inc., Lake Forest, CA). 
T h e  C -18 disks were then  rinsed w ith  reverse

osmosis water to remove any rem aining salts 
and eluted w ith  m ethanol (Pierce et al. 2003). 
B re v e to x in  a n a ly se s  w e re  p e r fo r m e d  b y  
L C -M S using a T herm oFinnigan  AqA high- 
p e r fo rm a n c e  l iq u id  c h r o m a to g r a p h - M S  
(T herm o E lectron  C orp ., M anchester, UK). 
M ass spectral detection was obtained using an 
A qA  s in g le -q u a d  sy s te m  s c a n n e d  fro m  
2 0 4 -1 ,2 1 6  A M U  w ith  AqA M ax 40 V  elec­
trospray. T he colum n was Phenom enex Luna 
C -1 8  5 F m  2 5 0  X 2 m m  (P h e n o m e n e x , 
Torrance, CA); the solvent gradient was 0.3%  
acetic  a c id /H 20  w ith  in itia l 50 :50  acetyl- 
nitrile (A C N )/H 20  to 95:5 A C N /H 20  over 
30 m in. T he lim it o f  detection (LO D ) o f the 
a n a ly s is  fo r b re v e to x in s  in se a w a te r  w as 
0.03 pg/L.

A ir  sa m p le s  u se d  to  assess l i f e g u a rd  
exposure to  brevetoxins in the  air were col­
lected using two instrum ents: high-volum e air 
sam plers and  personal b rea th in g  zone sam ­
plers. Six h ig h -vo lum e air sam plers (m odel 
T E-5000; Tisch Environm ental, Inc., Village 
o f Cleves, O H ) w ith a single-stage filter were 
used; th ree  w ere p laced  n ear th e  s u r f  zone 
(about 25 m) approxim ately 100 m  apart, and 
a second  row  o f  th ree  was loca ted  ap prox i­
m ately 50 m  from  the first row to provide an 
assessment o f  aerosolized toxin concentrations 
over tim e  an d  space a long  th e  beach . T h e  
h igh-vo lum e air sam plers were fitted  w ith  a 
20.32 X 25-4 cm  glass-fiber filter (EPM 2000; 
W h atm an , M aidstone, UK ). F ilter sam ples 
w ere co llec ted  sep ara te ly  for m o rn in g  and  
afte rnoon  tim e periods (0 8 3 0 -1 2 0 0  h r  and 
1230-1600  hr).

T h e  tra d itio n a l ap p ro ach  to in d iv idua l 
occupational exposure assessment w ould be to 
have th e  lifeguards w ear th e  personal sam ­
plers. H ow ever, th ere  was concern  th a t the  
personal samplers w ould interfere w ith em er­
gency response activities or be destroyed by 
im m e rs io n  in seaw ate r. In s te ad , p e rso n a l 
exposure was m easured  by placing personal 
samplers (IO M  inhalable dust sampler; SKC, 
Inc., E ighty Four, PA) connected to a battery- 
o p era ted  p u m p  (m odel 224-P C X R 4; SKC, 
Inc .) on  th e  lifeguard  tow ers near th e  life­
guards’ breathing zones. A 25-m m  glass-fiber 
filter (type A/E; Pali Life Science, A nn Arbor, 
M I) was used as the collection substrate. T he

Table 1. Coastal environm enta l cond itions during the  data co llec tion  periods fo r the  exercise  study.

D a t e  of e x e r c i s e  s tu d y T e m p e r a t u r e  (°C) H um id i ty  (%)
W i n d  s p e e d  

(km/hr)
W i n d  d i r ec t io n  
( %  o n s h o r e ) 3

U n e x p o s e d  p e r io d
17 J a n u a r y  2 0 0 3 12.2  ±  1.6 68  ± 5 2 5 .6  ± 3 . 4 1
18 J a n u a r y  2 0 0 3 8 .3  ±  1.6 4 7  ± 5 10.9  ±  3 .7 4
19 J a n u a r y  2 0 0 3 13.3  ±  1.1 53  ± 7 1 2 .4  ±  4 .0 2

E x p o se d  p e r io d
2 9  M a r c h  2 0 0 3 2 4 .4  ± 0 . 5 8 3  ± 4 10 .5  ± 5 . 4 58
3 0  M a r c h  2 0 0 3 18.9  ±  2.2 8 4  ±  6 2 4 .9  ± 6 . 0 4 4
31 M a r c h  2 0 0 3 12.8  ±  1.1 3 2  ± 1 2 2 2 .7  ± 2 . 6 0

V alues are mean ± SD un less o th e rw ise  spec ified .
“ P ercen tage  o f tim e the  w in d  w a s  b low ing  onshore. See Cheng e t al. (2005a) fo r de ta ils  abo u t w in d  d ire c tion .
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sam pling flow rate was 2 L /m in controlled by that were subsequently processed for LC-M S 
a rotam eter in the  sam pling pum p. analyses.

Brevetoxins from  the  env ironm ental and  A portable, self-contained w eather station 
p e rsonal air sam plers w ere  recovered  fro m  was used  near th e  air sam pling  loca tions to 
th e  glass-fiber filters by extraction  for 12 h r m onitor the air temperature, relative hum idity, 
in acetone using a Soxhlet apparatus (Pierce a n d  w in d  sp eed  a n d  d ire c tio n  (C o m p le te  
e t al. 2 0 0 3 ) . T h e  e x tra c t w as th e n  tra n s -  W eatherStation; Davis Instrum ents, Hayward, 
fe rred  to  vials u sin g  m e th a n o l fo r L C -M S  CA). T h e  w eather station was solar powered, 
a n d  en zy m e-lin k ed  im m u n o so rb e n t assay and the data were downloaded into a notebook 
(ELISA) analysis. B revetoxin recovery from  computer.
glass-fiber filters was verified by the addition  Statistical analyses. Descriptive and o ther 
o f  standard  am ounts o f  polyether brevetoxins statistical analyses were perform ed using SAS 
PbT x-2 and  PbT x-3 to each o f  th ree  filters s ta t i s t ic a l  so f tw a re  (v e rs io n  8 .0 3 ;  SAS

Table 2. K brevis ce ll counts and PbTx concen tra tions in seaw ate r and a ir samples.

Institute Inc., Cary, N C ). W e used the paired 
z-test fo r c o n tin u o u s  d a ta  ( i .e .,  th e  P F T  
results) an d  M cN em ar’s test for categorical 
da ta  (i.e., the  sym ptom  q u estionnaire  data) 
(K leinbaum  et al. 1982). W e com pared  the  
c h a n g e s  in  s p i r o m e tr y  re su lts  a n d  se lf- 
reported sym ptom s that occurred over a shift 
o n  a d a y  w h e n  th e re  w as a red  t id e  w ith  
changes th a t occu rred  over a shift on  a day 
w hen there  was no red tide. W e also exam ­
in ed  th e  im p a c t o f  exercise on  sp iro m e try  
tests an d  se lf-rep o rted  sy m p to m s d u rin g  a 
tim e  w h e n  th e re  w as a red  t id e  w ith  th e

No.  of K. b r e w s  c e l l s  in B re v e to x in  leve l s  in B re v e to x in  leve l s
B e a c h D ate s e a w a t e r  s a m p l e s  (cells /L) '3 s e a w a t e r  s a m p l e s  (pg /L)‘;: in a i r  s a m p l e s  ( n g / m T

S y m p t o m s  a n d  r e s p i r a to r y
e f f e c t s  s t u d y

S i e s t a 3 M a y  2 0 0 2 < LOD t o  2 ,0 0 0 0 .0 4  ± 0 . 4 1.11 ± 0 . 4 8
4  M a y  2 0 0 2 < LOD t o  2 ,0 0 0 0.3 ± 0 . 4 1.16  ±  0 .17
5 M a y  2 0 0 2 < LOD t o  1 ,000 < LOD <  LOD
6 M a y  2 0 0 2 < LOD t o  4 ,0 0 0 < LOD 0 .0 5  ± 0 . 1 1
7 M a y  2 0 0 2 < LOD < LOD 0 .06  ±  0 .14
7 S e p t e m b e r  2001 < LOD t o  1 ,000 2 7 .9  ± 1 4 . 0 7 .5 3  ± 3 . 8 6
8 S e p t e m b e r  2001 < LOD 18 .9  ± 8 . 0 9 .9 4  ± 6 . 4 1
9 S e p t e m b e r  2001 < LOD 8 .6  ± 3 . 7 1 1 .8 9  ± 7 . 0 7
10  S e p t e m b e r  2001 3 8 8 ,5 0 0  ± 3 4 8 , 0 0 0 10 .0  ± 3 . 3 2 .4 0  ± 2 . 6 4
11 S e p t e m b e r  2001 2 4 0 ,8 0 0  ± 2 2 3 , 8 0 0 12 .3  ± 2 . 3 1 .90  ± 1 . 6 6

Lido 3 M a y  2 0 0 2 < LOD < LOD 0 .08  ±  0 .17
4  M a y  2 0 0 2 < LOD < LOD 0 .08  ±  0 .17
5 M a y  2 0 0 2 < LOD < LOD 0 .0 4  ±  0 .09
6 M a y  2 0 0 2 < LOD < LOD < LOD
7 M a y  2 0 0 2 < LOD < LOD 0 .03  ± 0 . 0 6
7 S e p t e m b e r  2001 1 2 ,1 0 0 ,0 0 0  ±  2 ,8 0 0 , 0 0 0 2 6 .0  ±  16 2 6 .9 0  ± 1 7 . 5 4
8 S e p t e m b e r  2001 9 ,4 1 0 , 0 0 0  ± 2 7 8 , 0 0 0 18.3  ± 1 2 . 8 2 0 .3 6  ±  2 7 .1 6
9 S e p t e m b e r  2001 7 9 9 ,0 0 0  ±  1 9 3 ,0 0 0 9 .3 ± 6 . 6 1 7.43  ± 9 . 6 0
10 S e p t e m b e r  2001 1 ,4 9 6 , 0 0 0  ±  6 6 3 ,7 0 0 13.8  ± 5 . 0 5 .93  ± 7 . 2 6
11 S e p t e m b e r  2001 7 9 ,3 9 9  ± 1 6 , 5 0 0 8 .2  ± 2 . 4 1.32  ± 2 . 6 4

N okomis ' -1 3 M a y  2 0 0 2 3 6 ,2 5 9  ± 2 2 , 1 0 0 2.1 ± 0 . 8 NA
4  M a y  2 0 0 2 1 8 ,0 0 0  ±  2 0 ,0 0 0 1.1 ± 0 . 7 6 .4  ± 0 . 1
5 M a y  2 0 0 2 2 7 ,7 5 0  ± 1 1 , 2 0 0 0 .6 ± 0 . 8 3 .2  ± 2 . 0
6 M a y  2 0 0 2 2 9 ,5 0 0  ± 3 8 , 0 0 0 1.3 ±  1.3 <  LOD
7 M a y  2 0 0 2 4 ,5 0 0  ± 3 , 1 0 0 0.1 ± 0 . 1 <  LOD
7 S e p t e m b e r  2001 NA NA NA
8 S e p t e m b e r  2001 NA NA NA
9 S e p t e m b e r  2001 3 8 2 ,5 0 0  ± 1 8 0 , 3 1 2 9 .36  ± 8 . 2 5 49.21
10 S e p t e m b e r  2001 6 0 8 ,5 0 0  ± 1 1 2 , 4 2 9 2 .70 4 .12
11 S e p t e m b e r  2001 8 2 , 0 0 0  ±  9 89 9 NA 17 .58

C o q u i n a 3 3 M a y  2 0 0 2 < LOD < LOD < LOD
4  M a y  2 0 0 2 <  LOD to  1 ,000 <  LOD < LOD
5 M a y  2 0 0 2 < LOD < LOD < LOD
6 M a y  2 0 0 2 < LOD < LOD < LOD
7 M a y  2 0 0 2 < LOD < LOD < LOD

Ex erc i se  p i lo t  s t u d y
U n e x p o s e d  p e r io d

S i e s t a 17 J a n u a r y  2 0 0 3 2 ,4 0 0  ±  1 ,400' ' <  LOD < LOD
18 J a n u a r y  2 0 0 3 < LOD < LOD < LOD
19 J a n u a r y  2 0 0 3 < LOD < LOD < LOD

E x p o se d  p e r io d
S i e s t a 2 9  M a r c h  2 0 0 3 1 8 0 ,6 0 0  ±  1 3 1 ,1 0 0 3 .4 4  ± 1 . 9 3 3 6 .5 7  ± 1 7 . 5 1

3 0  M a r c h  2 0 0 3 7 6 4 ,4 0 0  ± 2 6 3 , 7 0 0 14.01 ± 8 . 0 6 3.71 ± 2 . 6 3
31 M a r c h  2 0 0 3 9 6 ,3 0 0  ± 8 6 , 4 0 0 3.31 ± 3 . 7 4 <  LOD

NA, n o t ana lyzed. Data are from  the  unexposed  (M ay  2002) and exposed  periods (S ep tem ber 2001) fo r  the  p u lm on a ry  fu n c tio n  s tudy and the  unexposed  (Ja n ua ry  2003) and exposed  p e r i­
ods (M arch  2003) fo r  the  e xe rc ise  study. The va lue s  are m ean + SD of re su lts  from  tw o  s e a w a te r sam p les, o f resu lts  from  th ree  h igh -vo lum e  sam p le rs  a t S iesta  and Lido b ea che s , and o f 
resu lts  from  persona l sa m p le r m easurem en ts  a t Nokom ls and C oqu illa  beaches. The va lue s  are p resen ted  by the s p e c if ic  beach  w h e re  the m ea sure m e n ts  w e re  m ade and by date.
“ The LO D fo r  K. brevis  ce lls  In s e a w a te r sam p les w a s  1,000 ce lls /L . The range of K. brevis  ce ll co n c e n tra tio n s  Is p rov ided  w h e n  50% o r m ore o f the sam ples w e re  < L0D. The m ean ± SD 
Is re p o rte d  w h e n  ce ll co n c e n tra tio n s  w e re  > L0D. ‘ The L0D fo r  b re ve to x ins  In s e a w a te r sam p les w a s  0.05 pg/L. “ The L0D fo r  to ta l b re ve to x ins  In a ir sam ples w a s  0.05 ng /m 3 fo r  the  h igh- 
vo lum e  sam p le rs  and 1.0 ng /m 3 fo r the  persona l sam plers . dThe a ir sam pling  resu lts  from  N okom ls B each  are  the  a verages ± SDs from  tw o  p ersonal sam p le rs  used In M a y 2002 and the 
va lue  fo r  one persona l sa m p le r hung on the outs ide  o f the life gu a rd  to w e r In S ep tem ber 2001. “The a ir sam pling  re su lts  from  Coquina B each  are  from  one persona l sa m p le r hung on the 
life g u a rd  to w e r  In M a y  2002. The L0D  fo r  to ta l b re v e to x in s  In a ir  s a m p le s  w a s  1.0 n g /m 3 fo r  th e  p e rs o n a l s a m p le rs . C o qu in a  B e a ch  d id  n o t h ave  an o n s h o re  red  tid e  d u r in g  
S ep tem ber 2001. fM ean ± SD o f sam p les w ith  >  1,000 ce lls /L ; 30% o f sam p les w e re  < LOD.
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im pact o f  exercise du rin g  a tim e w hen there 
was no red tide. Specifically, we exam ined the 
im p ac t o f  exercise on sp iro m etry  tests and  
sym ptom  surveys conducted  before the  shift 
and after the  shift. Finally, we com pared the 
preshift changes in test results and sym ptom  
reports w ith the  postshift changes.

Results
T he coastal environm ental conditions present 
during  th e  sym ptom s and respiratory effects 
s tu d y  an d  th e  exercise p ilo t s tu d y  are p re ­
sen ted  in C h en g  et al. (2005b) (sym ptom s 
a n d  re sp ira to ry  e ffec t s tu d y ) a n d  T ab le  1 
(exercise study). T h e  am b ien t tem pera tu res 
were w ithin typical ranges for the area during 
th e  sym ptom s and  respiratory  effects study; 
however, th e  am bien t air tem peratures were 
unusually  low du rin g  b o th  th e  exposed and  
u n e x p o se d  p e r io d s  fo r th e  exercise  s tu d y . 
D u r in g  th e  exposed  p e rio d  o f  th e  exercise 
s tu d y , o n sh o re  w in d s  b lo w in g  fro m  10 to  
25 k m /h r provided a greater o pportun ity  for 
exposure to aerosolized brevetoxins.

T h e  e n v iro n m e n ta l  m o n i to r in g  d a ta , 
including K  brevis cell counts and brevetoxin 
levels in seaw ater sam ples an d  a ir sam ples 
during  the  sym ptom s and respiratory effects 
study and exercise p ilo t study, are presented 
in Table 2 (see also Pierce et al., in press). W e 
fo u n d  th a t th e  c o n c e n tra tio n s  o f  K. brevis 
cells generally correlated w ith  the concentra­
tions o f  brevetoxins in seawater sam ples bu t 
d id  n o t  c o rre la te  w ith  c o n c e n tr a t io n s  o f  
brevetoxins in the  air. For exam ple, on Lido 
Beach in Septem ber 2001, there were > 9 m il­
l io n  K. b rev is  c e lls  p e r  l i t e r  o n  b o th  
8 Septem ber and  10 Septem ber. T h e  corre­
sp o n d in g  c o n ce n tra tio n s  o f  b revetox ins in 
seawater samples were approxim ately 18 and 
14 pg /L , respectively. H ow ever, th e  co rre ­
sponding concentrations o f  brevetoxins in the 
a ir  sa m p le s  w ere  a p p ro x im a te ly  2 0  a n d  
6 ng/m 3, respectively.

W e found  th a t the  am ount o f brevetoxin 
in the air varied no t only by tim e bu t also by 
geographic area (i.e., the  specific beach where 
the samples were taken). For example, because 
there had  been no reports o f respiratory irrita­
tion  or fish kills, we originally considered the 
M ay  2 0 0 2  d a ta  co llec tio n  p e r io d  to  be an 
unexposed period across all the beaches in our 
s tu d y . H ow ever, w h en  th e  e n v iro n m e n ta l 
sam ple analysis was com pleted  for N okom is 
Beach, the concentrations o f K. brevis cells in 
seaw ater sam ples w ere low  b u t above back­
ground levels (4,500 to > 36,000 cells/L), and 
th e re  w e re  m e a su ra b le  c o n c e n tr a t io n s  o f  
brevetoxins in air samples on 2 o f  the 4 days 
on  w h ic h  d a ta  w e re  c o lle c te d . T h u s ,  fo r 
th is  study , exposure  sta tu s  was d e te rm in ed  
sep ara te ly  for each  in d iv id u a l lifeg u ard  by 
day an d  by  beach  an d  was based on th e  air 
sam ple analyses.

T here were 31 lifeguards eligible to  be in 
th e  study; one d ec lin ed  to  p a rtic ip a te , and 
30 were enrolled. W e collected demographics 
and baseline spirom etry data for 28 individu­
als (2 were lost to the  study because they  were 
called to  m ilitary service). T h e  dem ographics 
o f  th e  lifeguard  s tu d y  p a rtic ip a n ts  are p re ­
sented in Table 3. O f  the 28 lifeguards in our 
study  popu lation , 27  (96% ) were w hite  and 
2 (7% ) were female.

B aseline sp iro m etry  test results are p re ­
sented in Table 4. As expected, the lifeguards 
are healthy w ith  respect to lung function; that 
is, th e  P F T  m easu rem en ts  w ere all at least 
80%  o f  the  predicted values for the  spirom e­
try  resu lts  based  on  re fe ren ce  va lues from  
O M IS98 Spirom etry software, version 3.8.7, 
well above the  m in im um  o f  80%  considered 
to  be  w i th in  th e  n o rm a l  ra n g e . A lso  as 
expected, the  m easurem ents o f  lung function 
(FVC, FEV], and PEF) were lower for female 
lifeguards than  for male lifeguards.

O n  th e  basis o f  th e  en v iro n m en ta l da ta  
for each beach on each day o f  our studies, we 
defined the  unexposed period  and two levels 
o f  exposed periods. T h e  unexposed  periods 
were days when there were no detectable lev­
els o f brevetoxins in air samples. T he exposed 
days w ere defined  as exposure level 1 (w ith 
de tectab le  b revetox in  levels in air sam ples) 
and exposure level 2 (w ith  brevetoxin levels 
> 1 0  n g /m 3 in a ir  sa m p le s ) . T h e re  w ere  
17 lifeguards w ho w o rk ed  a sh ift d u r in g  a 
level 1 exposure and  13 w ho w orked  a shift 
during a level 2 exposure. T here were 11 life­
guards w ho d id  n o t w o rk  a sh ift d u rin g  an 
exposure period.

T he results for self-reported sym ptom s for 
the sym ptom  and respiratory effects study are 
p re sen te d  in T ab le  5. C o m p a re d  w ith  th e  
baseline data, there were significant increases 
in the  reports o f  upper respiratory sym ptom s 
b u t  n o t in  th e  rep o rts  o f  low er resp ira to ry  
sym ptom s d u rin g  th e  periods o f  aerosolized 
brevetoxin exposure. In addition, there was a 
significant increase in self-reported headache 
in the exposure level 1 (any detectable breve­
toxin in air samples) group.

T he analyses o f  P F T  results are presented 
in Table 6. W e exam ined the  changes in the 
individual test results du ring  a shift (preshift 
data-postshift data). There were no significant 
changes in th e  P F T  results du ring  the  unex­
posed  p e rio d  o r d u rin g  th e  exposure level 2 
period. C om pared w ith the unexposed period 
data, there were significant increases in FEV] 
and PEF during the exposure level 1 period.

A  subset o f  11 lifeguards partic ipa ted  in 
the exercise pilot study to assess w hether exer­
cise d u r in g  red  t id e  ev en ts  h as an  adverse 
im pact on PFT s an d /o r th e  n u m b er o f  self- 
re p o rte d  sym ptom s. W h en  co m p ared  w ith  
th e  f re q u e n c y  o f  s e lf - re p o r te d  sy m p to m s 
before exercising, there  were no increases in

the frequency o f self-reported sym ptom s after 
exercising d u rin g  th e  unexposed  or th e  two 
exposed periods (data no t shown).

D uring  the unexposed period, and before 
their w ork shift, the  lifeguards d id  two PFTs 
b efo re  exercising  a n d  tw o afte r exercising. 
T he results from  the two pre-exercise sessions 
w ere sim ila r, a n d  th e  resu lts  fro m  th e  tw o 
postexercise sessions w ere sim ilar (da ta  no t 
shown). T here were no significant differences 
in P F T  param eters w hen  we co m p ared  th e  
average pre-exercise results w ith  th e  average 
postexercise results.

W e  also ex am in ed  th e  changes in P F T  
values over the  entire w ork shift (preshift and 
pre-exercise P F T  results m inus postshift and 
postexercise  P F T  values; d a ta  n o t show n). 
T h e re  w ere no  sig n ifican t changes in  P F T  
param eter values during  either the  unexposed 
or the exposed periods.

Discussion
In  th is  s tu d y  we e x am in ed  th e  im p a c t o f  
occupational exposure to aerosolized red tide 
toxins on  a group  o f  full-tim e lifeguards. As 
part o f  th e ir job activities, the lifeguards are 
required to be on the beach in guard towers, 
even if  an onshore red tide is present. In addi­
tion, they are required to participate in a fitness

Table 3. D em ographics of the  lifeguards w ho w ere  
enrolled in the  study (n = 28).

C h a r a c t e r i s t i c No.  (%)

R a ce
W h i t e 2 7 ( 9 6 )
A s ia n /P a c i f i c  I s l a n d e r 1 (4 )
A fr ican  A m e r i c a n 0
A m e r i c a n  Ind ian ,  A l a s k a  n a t iv e 0

Sex
F e m a le 2 (7 )
M a l e 2 6 ( 9 3 )

M e a n  a g e  [ye a rs  (range)] 3 5 ( 1 9 - 5 1 )
C u r re n t  s m o k e r 0

Table 4. B ase line  sp iro m e try  re su lts  fo r th e  life ­
guards enrolled in the  study (n =  26).

P e r c e n t
PFT p a r a m e t e r M e a n  ±  SD p re d i c t e d  ±  S D 5

M a l e s  only  (n = 26)
FVC (L) 5.71 ± 0 . 9 6 9 7 .8  ± 1 7 . 1
FEV, (L) 4 .2 9  ± 0 . 7 3 9 2 .9  ± 1 9 . 0
FEV,/FVC (%) 7 5 . 2 5  ± 6 . 3 5 94.1 ± 7 . 9
FEF2 M 5 % (L) 3 .5 5  ± 0 . 9 9
P e a k  f l o w  (L/sec) 1 0 .5 3  ± 1 . 8 6

F e m a l e s  only  (zj = 2)
FVC (L) 4 .1 6  ± 0 . 3 7 1 47 .2  ± 1 6 . 3
FEV, (L) 3 .6 5  ± 0 . 7 8 1 36 .6  ± 0 . 1
FEV,/FVC (%) 8 7 .8 6  ± 5 . 9 0 9 3 .6  ± 9 . 0
FEF2 M 5 % (L) 4 .1 2  ±  0.06
P e a k  f l o w  (L/sec) 8 .3 6  ± 2 . 7 5

For each  life g u a rd , w e  co n d u c te d  s p iro m e try  tes ts  in the 
m orn ing  b e fo re  th e ir  s h ift, d u ring  a tim e w h e n  the re  w a s  
no red tide. For co m p arison , the  e s tim a ted  PFT va lue s  fo r 
a 1 8 0 -p o u n d  a d u lt  m a le  a re  FVC, 4 .8  L; F E V 1; 4 .2  L; 
F E V ^F V C , > 70% ; FEF25_7 5 %, 4.5 L; p e a k  f lo w ,  9.5 L /se c  
(S canlon  e t al. 1999).
“ P ercen tage  o f p re d ic te d  va lue s  as ca lc u la te d  by 0M IS 98 
S p irom e try  s o ftw a re .
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m ain tenance program  th a t includes runn ing  
on the  beach, swim m ing, and lifting weights. 
T he purpose o f our study was to exam ine the 
im p a c ts  o f  th e  l i f e g u a r d s ’ e x p o su re s  to  
aerosolized brevetoxins d u rin g  th e ir  norm al 
shift and w hether the impacts w ould be m od­
ified by exercise. T he two end  points used to 
m easure the  impacts were self-reported sym p­
tom s and spirom etry tests.

D uring  study periods w hen the  potential 
for exposure to aerosolized brevetoxins was 
verified  by  en v iro n m en ta l m o n ito r in g , th e  
lifeguards in our study experienced sym ptom s 
co n sis ten t w ith  lo n g stan d in g  an d  co m m o n  
anecdotal com plaints o f  upper respiratory irri­
ta tio n  m ade by  residents and  beach  visitors 
d u r in g  p re v io u s  F lo r id a  red  tid e s . T h ese  
re su lts  a re  also c o n s is te n t  w i th  sy m p to m  
reports m ade by recreational beachgoers du r­
ing red tide events involving sim ilar levels o f 
exposure (up to 36 ng brevetoxins/nT o f air).

C om pared w ith  nonexposure periods, the 
healthy lifeguards in our study reported m ore 
upper airway bu t no t lower airway discomfort 
du rin g  th e  red  tide  exposure periods. T here  
w ere statistically  significant effects on som e 
spirom etry test param eters during exposure to 
red tide, b u t the  changes were small and not 
clinically significant. In addition, we d id  no t

observe significant changes in any spirom etry 
test parameters when we com pared the effects 
o f  m ild  exercise during a nonexposure period 
w ith  e ffec ts  o b se rv ed  d u r in g  an ex p o su re  
period . T hese findings suggest th a t occupa­
tio n a l exposures to  low  levels o f  aerosolized 
brevetoxins are no t a serious health  th rea t to 
th is  p o p u la t io n . H o w ev er, th e  u p p e r  res­
p ira to ry  irrita tion  and  d iscom fort caused by 
inhaling aerosolized red tide toxins can be sub­
s ta n tia l. A lth o u g h  th ese  sy m p to m s can  be 
relieved by elim inating exposure, the lifeguards 
cannot leave the  beach. T o  address this issue, 
w e p lan  to  exam ine th e  efficacy o f  d ifferent 
types particle face masks to determ ine w hich 
types m ay provide relief for the lifeguards and 
others who m ay not be able to avoid exposure 
to aerosolized brevetoxins during red tides.

W o rk  by  C heng  et al. (2005a) indicates 
that the size d istribution  o f  aerosols collected 
during red tides prim arily reflects larger parti­
cles that are deposited in the upper respiratory 
tract. However, they  also reported that a small 
b u t  b io lo g ica lly  s ig n ifican t frac tio n  o f  th e  
inhaled red tide aerosol was deposited in the 
lower airways. Perhaps, as concen tra tions o f 
brevetoxins in the air increase, the  am ount o f 
b revetox in  p resen t in th e  sm aller respirable 
partic les also increases, th u s  increasing  th e

e ffec tive  d o se  o f  b re v e to x in s  to  th e  low er 
airways. This w ould be consistent with the our 
find ings in an earlier s tu d y  in w h ich  recre­
ational beachgoers (Backer et al. 2003) reported 
experiencing increased lower respiratory irri­
ta tio n  (wheeze, chest tightness, shortness o f  
breath) when there were higher concentrations 
(up to  93 n g /m 3), b u t n o t w hen there  were 
lower concentrations, o f  brevetoxins in the  air 
(B acker et al. 2 0 0 3 ). In th e  p re sen t study , 
a lth o u g h  th e  lifeguards w ere exposed  for a 
m uch  longer period o f  tim e D 6 hr) than  the 
beachgoers were (average, 71 m in; Backer et al. 
2003), they were not exposed to high concen­
trations o f brevetoxins and d id  not experience 
lower respiratory irritation.

W e antic ipa ted  th a t w hen th e  lifeguards 
exercised they w ould increase their ventilation 
and  effectively increase th e ir  dose o f  breve­
toxin. However, they d id  no t report any lower 
resp irato ry  irrita tio n  after exercising du rin g  
exposure to low  levels o f  brevetoxins, again 
suggesting that an increased concentration o f 
brevetoxin in th e  smaller, respirable particles 
w hen  aerosolized brevetoxin  con cen tra tio n s 
are h ig h er m ay  be im p o r ta n t in  e lic itin g  a 
lower airway response.

F ro m  a p u b lic  h e a l th  p e rsp e c tiv e , we 
w ould like to predict when aerosolized breve­
toxins associated w ith Florida red tides will be 
at concentrations that can affect people on the 
beach. O ne possible way to quickly predict the 
presence o f aerosolized brevetoxins w ould be to 
quantify the num ber o f cells in seawater sam­
ples an d  ex trapo la te  to  a irb o rn e  b revetox in  
concentrations. However, we have found that 
cell concentrations do no t correlate well w ith 
brevetoxin concentrations found in air samples 
collected during the same tim e period. W e also 
fo u n d  th a t brevetox in  co n cen tra tio n s in  air 
samples varied considerably over a fairly small 
geographic area (e.g., among the beaches in our 
study) and were dependent on w ind direction 
and speed as well as the presence o f brevetoxins 
in the  seawater itself. U nfortunately, the cur­
rently validated m ethod to assess brevetoxins in 
air is gas chrom atography-M S analysis, which 
requ ires considerab le  expertise  an d  tim e  to 
conduct. A  user-friendly short-term  test, such 
as a co m p etitiv e  ELISA  (N aar et al. 2002), 
cou ld  be used  to  test ro u tin e ly  co llected  air 
sam ples a n d  p ro v id e  a d a tab ase  fo r p u b lic  
health officials responsible for public health on 
Florida’s gulf coast beaches.

There are a num ber o f potential limitations 
a sso c ia te d  w ith  th is  s tu d y . W e  re c ru i te d  
h ealth y  w orkers for ou r study, an d  th u s the  
results cannot be generalized to all populations 
because th ey  include groups th a t m ay  be at 
increased risk because o f underlying respiratory 
disease or o ther characteristics (Fleming et al. 
2005). A nother lim itation is using self-reported 
sym ptom  data, w hich can suffer from  report­
ing bias. However, the actual exposure status o f

Table 5. Symptoms reported by study partic ipants before and a fte r going to  the  beach fo r the  symptom and 
respira to ry e ffects  study.

Ex p o s u re  p e r io d
S y m p t o m U n e x p o s e d (n =27) E x p o s u re  level  1 In = 17)a Ex p o s u re  level  2 [n= ]3)b

U p p e r  r e sp i r a to ry
Eye i r r i ta t ion 0 9 (5 2 . 9 ) * 7 ( 5 3 . 9 ) *
N a s a l  c o n g e s t i o n 2 (8 . 7 ) 4 ( 2 3 . 5 ) * 3 (2 3 . 1 )
T h r o a t  irr i ta t ion 1 (4 ) 6 (3 5 . 3 ) 7 ( 5 3 . 8 ) *
C o ug h 1 (4 ) 9 (5 2 . 9 ) * * 1 0 ( 7 6 . 9 ) * *

L o w e r  r e s p i r a to r y
C h e s t  t i g h t n e s s 0 1 (5.9) 1 (7.7)
W h e e z i n g 0 0 1 (7.7)
S h o r t n e s s  of  b r e a t h 0 2 (1 1 . 8 ) 0

O th e r  s y m p t o m s
Itchy skin 0 1 (5.9) 2 (1 5 . 4 )
H e a d a c h e 3 ( 1 2 ) 4 (2 3 . 5 ) * 1 (7.7)
O th e r 0 4 (2 3 . 5 ) 3 (2 3 . 1 )

S c r e e n i n g  s y m p t o m  (no t  a n t i c i p a t e d  to  
b e  a s s o c i a t e d  w i t h  a e r o s o l  e x p o s u r e )

D ia r rhe a 0 0 0

Values are num ber (%) o f life gu a rd s  w h o  did n o t re p o rt the sym ptom  befo re  be ing  on the beach  b u t did re p o rt the  sym p ­
tom  a fte r  b e in g  on the  b ea ch . The le ve l o f e x p o s u re  w a s  d e te rm in e d  by the  c o n c e n tra t io n  o f b re v e to x in s  In the  air. 
^D e tec tab le  c o n c e n tra tio n s  o f b reve tox in  (PbTx-2 p lus PbTx-3) In a ir sam ples. 6B reve tox ln  (PbTx-2 plus PbTx-3) c o n c e n ­
tra tio n s  > 10 ng /m 3. S ta tis tic a lly  s ig n ific a n t using M c N e m a r's  test: *p <  0.05; * * p <  0.01.

Table 6. Changes in PFT results in study partic ipants before and a fte r th e ir shifts.

Ex p o s u re  per iod
PFT p a r a m e t e r U n e x p o s e d (n =28) Ex p o s u re  level  1 (n= 17)a Ex p o s u re  level  2  [n= 1 3 p

FVCC(L) 0 .08  ± 0 . 1 5 0 .00  ±  0 .13 - 0 . 0 2  ± 0 . 1 7
F E V / I L ) 0 .07  ± 0 . 1 5 - 0 . 0 3  ± 0 . 1 7 * 0 .03  ±  0 .17
FEV| /FVC (%) 0.21 ± 3 . 4 1 - 0 . 5 7  ± 2 . 0 5 0 .63  ± 2 . 2 6
1 FF-; ’ (L) 0 .03  ± 0 . 3 5 - 0 . 0 8  ± 0 . 4 4 0 .17  ±  0 .38
P e a k  f l o w  (L/sec) 0 .24  ± 0 . 7 4 - 0 . 2 1  ± 0 . 7 0 * - 0 . 0 9  ± 0 . 6 9

Values are m ean ± SD of the  ch an ge s (p re s h ift m inus p os tsh ift) In the  PFT param e ters . The leve l o f exposure  w a s  d e te r­
m ined by the co n c e n tra tio n  o f b re ve to x ins  In the air.
^D e tec tab le  c o n c e n tra tio n s  o f b reve tox in  (PbTx-2 p lus PbTx-3) In a ir sam ples. 6B reve tox ln  (PbTx-2 plus PbTx-3) c o n c e n ­
tra tio n s  > 10 ng /m 3. ‘ S ta tis tic a lly  s ig n ific a n t from  base line  va lue s  using a paired  f-test: p <  0.05.
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individual study participants was not known at 
the tim e the sym ptom  data were collected but 
was estab lished  on ly  after th e  air and w ater 
analyses h a d  been com pleted , m aking it less 
likely th a t study  participants could  influence 
s tu d y  re su lts .  F o r  e x am p le , d u r in g  th e  
M ay 2002 data collection period, we assumed 
th a t  all th e  life g u a rd s  w ere  u n e x p o se d . 
However, we found that those working at one 
beach (Nokomis) were actually exposed to sub­
stan tia l levels o f  aerosolized b revetoxins on 
some days.

A nother study lim itation could be the use 
o f  spirom etry tests to assess the impact o f  expo­
sure because we could not guarantee that study 
p a rtic ip an ts were p rov id ing  th e ir m axim um  
effort d u rin g  th e  tests. H ow ever, u sing  the  
A m erican  T h o rac ic  Society  stan d ard s , it is 
alm ost im possible to  reproduce th ree  sp iro­
grams w ithin the  guidelines w ithout m aximal 
effort, m aking spirom etry an objective measure 
o f  lung function.

Conclusion
Anecdotal reports and some past studies have 
indicated that inhaling aerosolized brevetoxins 
associated w ith Florida red tides can cause res­
p iratory irritation. T his study has shown that 
w hen  h e a lth y  lifeguards are occu p a tio n a lly  
exposed to low concentrations o f  brevetoxins 
in the  air, they report upper airway irritation 
(i.e ., eye ir r i ta tio n , nasal c o n g es tio n , a n d  
cough) and  headache. H ow ever, even w hen 
the lifeguards participated in m ild exercise on

th e  b each  d u r in g  a t im e  w h en  th e re  w ere 
measurable levels o f brevetoxins in the air, we 
d id not detect changes in pulm onary function 
as m easured using spirometry. O u r results sug­
gest that, for healthy people, exposure to  low 
levels o f  brevetoxins in the  air during  Florida 
red tides is associated w ith tem porary discom ­
fort in the form o f respiratory irritation bu t is 
no t associated w ith  acute adverse effects on 
p u lm o n a ry  func tion . H ow ever, it w ou ld  be 
a p p ro p ria te  to  re -e x a m in e  th e  h e a l th  e n d  
p o in ts  used  in th is s tu d y  d u rin g  periods o f  
exposure to  th e  h ig h er levels o f  aerosolized 
b rev eto x in s ( -  100 ng/m-1) th a t have been 
m easured at Florida beaches.
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