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Objectives
• Characterize Aerosol  

– PbTx/microcystin concentration, particle size 
and toxin profile

– Relationship of PbTx air concentration with 
environmental conditions at the beach

• Assess  Exposure
– Personal exposure
– Dose estimate
– Correlation with health effects



Field Measurements

• Environmental Conditions 
– Temperature, RH, wind speed and wind direction

• Water and Air Samples 
– High-Volume Samplers (impactor, 8-h samples 

samples)
– High-Volume Sampler (filter, hourly samples)
– DataRAM Real-time sampler for concentration

• Personal Exposure
– IOM Sampler
– Biomarkers (swap/nasal lavage)



Environmental Conditions

Siesta Beach  October 17, 2004

20

30

40

50

60

70

80

90

100

8:00 8:30 9:00 9:30 10:00 10:30 11:00 11:30 12:00 12:30 13:00 13:30 14:00 14:30 15:00 15:30 16:00 16:30 17:00

Time

Te
m

pe
ra

tu
re

 (F
)  

or
 R

H
 (%

)

0

5

10

15

20

Sp
ee

d 
(M

PH
)

Temperature Humidity Wind Speed Max Wind Speed

N - NE W



Hi-Vol  Samplers



Air Concentration of PbTx by
LCMS (ng/m3)

3.419.63/14/05
2.018.03/13/05
3.022.43/12/05
6.036.33/11/05

0.0290.0642/6/05
0.0030.0712/5/05
0.0640.0902/4/05
<LOD<LOD10/18/04
<LOD<LOD10/17/04
<LOD<LOD10/16/04
SDMean



Brevetoxin Profile
(ng/m3)

Brevenal PbTx-1 PbTx-2 PbTx-3 PbTx-6 PbTx-9

3/11/05 <LOD 4.0 20.6 14.8 0.4 2.2

3/12/05 <LOD 1.9 11.6 8.7 0.3 1.3

3/13/05 <LOD 1.3 11.7 5.8 0.2 1.2

3/14/05 <LOD 1.2 15.3 6.1 0.3 1.4
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Collection Substrates

Aerosol Flow

Impactor Jets Impactor Stages

3 of 5 Stages Shown in Diagram
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Air Sampler for Particle Size



3/11/05
39.1 ng/m3

MMAD = 6.7 μm 
GSD=1.90

3/14/05
16.5 ng/m3

MMAD = 6.7 μm 
GSD=1.75
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SUMMARY OF PARTICLE SIZE

Impactor A Impactor B
MMAD (μm) GSD MMAD (μm) GSD

11-Mar-2005 6.42 1.81 6.70 1.90
12-Mar-2005 5.00 2.04 4.67 2.00
13-Mar-2005 6.32 1.82 6.49 1.78
14-Mar-2005 7.36 1.77 6.71 1.75



Real Time Aerosol Sampler

APS

DataRAM
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Particle Concentration (μg/m3)
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Relative Aerosol Concentration as a Function of 
Wind Direction
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Revised Wind Direction Index Based on the 
DataRAM Information
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Personal  Sampler

LOD  = 10 ng/m3

LOD  = 1.5 ng/m3



PERSONAL EXPOSURE CONCENTRATION
(ng/m3, ELISA ANALYSIS)

1910.613.93/14/2005
2914.619.63/13/2005
2236.958.13/12/2005
2118.531.13/11/2005
44<LOD<LOD2/6/2005

25<LOD<LOD2/5/2005

29<LOD<LOD2/4/2005

24<LOD<LOD10/18/2004

31<LOD<LOD10/17/2004

32<LOD<LOD10/16/2004

number of 
samplesSDMean



Blue Green Algae

• Laboratory Study
– Evaluation of ELISA method 
– Validation of aerosol sampling methods
– Aerosol measurement

• Field Study



Validation of ELISA Method 

(Microcystin LR)

Concentration Expected (ppt, ng/L)
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Extraction Efficiency of Microcystin 
for Cellulose Filter

11.1SD

89.7Mean

82.8 ± 19.80.08 ± 0.02104 ± 258000.101000

86.9 ± 30.50.22 ± 0.08272 ± 958000.252500

93.1 ± 19.10.47 ± 0.10582 ± 1198000.505000

82.6 ± 12.70.83 ± 0.131032 ± 1588001.0010000

81.6 ± 7.42.04 ± 0.182550 ± 2318002.5025000

110.6 ± 15.25.53 ± 0.766914 ± 9488005.0050000

Extraction 
efficiency* 

(%)

Extraction 
mass*
(ng)

Microcystin 
obtained by 

ELISA*
(ng/L) 

Remaining
vol. (µL)

Spike 
mass 
(ng)

Concentratio
n

ppt (ng/L)



Laboratory Aerosol Study
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SUMMARY

• Red tide aerosol exposure depends on 
– Water concentration of PbTx
– Wind direction

• Personal exposure measurement has 
improved with the new pump

• Similar sampling techniques can be 
used in the study of exposure 
assessment of aerosolized blue green 
algae 
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