MMD and GSD for the average particle size distributions are shown in Table I11.

Table VI. MMD and GSD Obtained at Each RPM Setting.

RPM MMD GSD
(Hm)

0.2 1.27 235

0.4 1.39 222

0.8 1.46 2,08

16 115 220

A total of 6 comparisons were made between the average particle size

distributions obtained at different RPM settings. Results of statistical comparisons are

shown in Table VII.

Table VII. Statistical Comparison of Particle Size Distributions

Comparison

p value >

RPM 0.2 and RPM 0.4
RPM 0.2 and RPM 0.8
RPM 0.2 and RPM 1.6
RPM 0.4 and RPM 0.8
RPM 0.4 and RPM 1.6
RPM 0.8 and RPM 1.6

0.603
0.861
1.000
1.000
0.794
0.794

Bonferroni correction a = 0.008
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Chapter Five

Discussion and Conclusions

Orifice Meters

Nose-only, head-only and whole-body exposure chambers have been previously
described and each one has its strengths and its weaknesses. This research describes and
characterizes the performance of a whole-body human exposure chamber developed at
the University of South Florida. For this inhalation challenge system, the measurement
of the air flow in the system is obtained with orifice meters. Figure 6 and Figure 7 show
a high coefficient of determination for both calibration curves. As shown in Appendix A
calibration of the orifice meters was done at different pressures: 3 inches of water, 4
inches of water and 5 inches of water to verify whether the measurements of the orifice
meters (OM) were affected by changes in pressure, and they were not. All the regression
equations obtained at different pressures for OM-1A and OM-1B, provide similar results.
Figure 6 and Figure 7 represent the calibration curves obtained at 4 inches of water
because the exposure chamber was maintained at a pressure drop of 4 inches of water
during the course of this research. The flowrate in the exposure chamber was obtained by

averaging the values of the two orifice meters.
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Distribution of Test Material in the Chamber

Carbon dioxide was used as tracer gas because of its cost and availability of
instruments for its measurement. Figure 8 shows the buildup and decay of gas
concentration at the top and bottom of the chamber. The only difference between the
concentrations measured by the instruments are seen when the generation of test material
is started and stopped. The inhalation challenge system is designed so that the test
material is introduced at the top of the chamber and will flow downward. As a result the
instrument at the top of the exposure chamber will register the changes in concentration
first when compared to the instrument placed at the bottom, as shown in Figure 8.

When measuring the gas concentration at different positions in the exposure
chamber (right side vs. left side, front vs. back, at 2 feet above the floor), the buildup and
decay profiles were similar as depicted in Figure 9. This was also found to be true when
comparing dust concentrations within the chamber, as shown in Tables IlI, IV and V.
Thus, the coefficient of variation of the normalized dust concentrations inside the

chamber was 7.6%.

Concentration of Test Material in the Chamber
As stated previously, generation of carbon dioxide is straightforward but some
issues needed to be addressed. A needle was used to maintain constant flow by
physically restricting the flow. Without a needle valve a slow increase of flowrate was
observed with a corresponding increase in concentration inside the chamber. Another
issue that needed to be considered was the naturally occurring atmospheric carbon

dioxide. The ambient the concentration of carbon dioxide was measured and the model
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was adjusted for its presence

Figures 10, 11 and 12 show the carbon dioxide concentrations obtained at three
different rates of generation. The model was developed by using the general buildup and
decay equations previously described. The model, described previously, and the
measured maximum concentrations were in close agreement for all three rates of
generation with a difference ranging from 0.2% up to 1.74%. The model and the
measured concentrations did differ in the buildup and decay times. All three figures
show a slower buildup and decay of the observed concentrations when compared to the
model. This difference most likely is due to the lag time of the instrument when
measuring the concentrations.

If the concentration inside the exposure chamber was affected by incomplete
mixing of the test material, not only a difference in the buildup and decay concentrations
times would be seen but also a difference in the maximum concentration levels. This was
observed by Ishizu (1980), who found that due to incomplete mixing, he observed higher
than expected maximum concentrations levels. The flowrate in an inhalation challenge
system is essential for determination of maximum concentration levels and buildup and
decay concentration times. This is because the buildup and decay equations (Equations 2
and Equation3) as well as the mixing factor are dependent on the flowrate. This was
observed in Figures 10, 11 and 12. Maximum concentrations were in agreement but not
the buildup and decay times. It is not possible that incomplete mixing of the test material
could affect the buildup and decay concentration times but not the maximum
concentration levels.

Mixing characteristics of an exposure chamber can also be estimated by
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comparing the measured residence time of a tracer gas with its theoretical residence time.
This residence time is defined as the time that takes the test material to exit the exposure
chamber once its generation had been stopped (O’Shaughnessy, 2003). For this exercise,
the variable “K” represents a rate constant which takes in consideration the volume,
flowrate and mixing characteristics of the chamber. The relation between “K” and the

residence time is shown in Equation 22.

K =1/ (residence time) (22)

The residence time value is obtained by determine the slope of the logarithmic
regression of the decay concentrations over time (O’Shaughnessy, 2003). CO, decay
concentrations were regressed and their slopes were compared with the slopes of
theoretical decay concentrations. In Figures 27 and 28, “Kn,” represents the ratio of the

measured and theoretical “K” values.
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For the calculation of “K,,”, the background concentration of carbon dioxide was
subtracted from the observed and theoretical concentrations. The mixing values obtained
for both generations demonstrate good mixing.

On the other hand, measured dust concentrations could not be compared to
theoretical or expected dust concentration, as was done with carbon dioxide. Before the
dust is introduced into the chamber; the dust (fly ash) it goes through a vertical elutriator
and the larger particles (greater than 8 um) are removed. This means that the true rate of
particle generation is unknown. The rate of generation can be calculated from the
concentrations measured. An example of the model with a mixing factor value of 1 and
the average profile of dust concentration at RPM 1.6 is shown in Figure 27. An apparent
rate of generation can be estimated from Figures 13-16 and from the correlation between

the dust concentrations and the RPM settings
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Figure 29. Comparison of Theoretical and Measured Values of Fly Ash Concentration at
a Rate of Generation of RPM 1.6.

68



The delay in buildup and decay of measured particle concentration is similar to
our findings with carbon dioxide, but greater in magnitude. This increased lag time is
due to differences in instrument performance. The direct reading instrument measuring
particle concentration (TEOM) displays a moving average that is determined over a
period of 10 minutes and is updated every 2 seconds, while the instrument for carbon
dioxide provides near instantaneous readings.

The maximum concentrations values measured and those predicted by the model
agree, and it is believed the actual buildup and decay profiles for gases and particulates
are similarly close to the model, but the limits of the instruments used in the study make
this not possible to demonstrate.

Total, inhalable and respirable dust concentrations were also determined at
different RPM settings of the dust generator and correlated with the concentrations
obtained with the TEOM. Total and inhalable dust concentrations were approximately
1.2 times higher than the concentrations measured by the TEOM. The coefficient of
correlation for both regression lines were 0.992 and 0.997. These results are in
agreement with results published elsewhere (Salter et al., 1999), (Soutar et al., 1999).
Theoretically the vertical elutriator does not allow particles greater than 8 um to enter the
chamber. As a result, the inhalable button sampler and the 37 mm open face cassettes
collected particles with similar size ranges. The inhalable fraction concentrations were
found to be 99% of the total dust concentrations. The high correlation between the
inhalable fraction and the total dust concentrations is due to the vertical elutriator.
Respirable dust concentrations were 0.79 times the concentrations of the TEOM.

Respirable dust concentrations also were found for account 67% of the total dust
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concentrations by gravimetric analysis.

Particle Sze Distributions

Mass median diameters and geometric standard deviations were obtained by
plotting the particle size distribution data on a log-probability chart. Mass median
diameters ranged from 1.15 um to 1.46 um. Geometric standard deviations ranged from
2.08 to 2.35. Particle size distributions were found not to be statistically different
regardless of the RPM settings of the dust generator. These results were expected
because the same batch of fly ash was used for all dust generations and flowrates were
similar.

In conclusion, the whole-body human exposure chamber at the USF Sunshine

ERC Breath Laboratory will be a useful tool for inhalation challenge studies.

Limitations and Recommendations

The data obtained during the course of this research applies only to this exposure
chamber and cannot be applied to any another inhalation challenge system. Dust
concentrations and particle size of the test materials are only representative of the fly ash
used, the air and nitrogen flowrates, and the rates of generation used during this study.
This study did not evaluate the health effects of fly ash or carbon dioxide and no actual
inhalation challenge research was conducted while characterizing and evaluating the
performance this chamber.

For use of the chamber beyond the parameters of this study, further tests should

be performed. For example utilization of a different type of dust, the presence of one or
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more subjects in the chamber or the use of an ergometer will obviously be associated
with changes in particle size distribution and particle concentration patterns in the

chamber.
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Appendix A: Calibration of Orifice Meters

Orifice meter calibrations were performed using a Micro-Pitot tube. Flowrate was

determined using Equation 12.

Table VIII. Calibration of Orifice Meter OM-1A Using a Micro-Pitot Tube.

3in.wg 4 in.wg 5in.wg
Pitot Pitot Pitot
Tube Flow Regllc;/ilng Tube  Flow Reoag/ilng Tube Flow Regl'c;/ilng
Reading L/min : Reading L/min . Reading L/min .
in. wg. In.wg. in. wg. in.wg. in. wg. in.wg.

0.27 652 0.9 0.26 640 0.9 0.24 615 0.9

0.34 732 1.2 0.29 676 1.1 0.28 664 11

0.39 784 15 0.37 764 1.4 0.32 710 1.3

0.45 842 1.7 0.45 842 1.6 0.4 794 1.6

0.48 870 1.8 0.48 870 1.8 0.44 833 138
0.49 879 2 0.53 914 2
0.54 923 2.2 0.56 940 2.3
0.59 964 2.3 0.62 989 2.5
0.63 997 2.4 0.67 1028 2.6
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Appendix A: (Continued)

Table IX. Calibration of Orifice Meter OM-1B Using a Micro-Pitot.

3in.wg 4 in.wg 5in.wg
Pitot Pitot Pitot

Tue  Flow gl | Twe o Flow o d | Twe g

Reading  L/min . Reading L/min . Reading .
in. wg. IN.-Wg. in. wg. IN.-Wg. in. wg. : in-Wg.
0.23 602 0.9 0.19 547 0.8 0.26 640 0.9
0.31 699 1.4 0.25 628 1.1 0.27 652 11
0.38 774 1.6 0.31 699 1.3 0.37 764 1.6
0.41 804 1.8 0.43 823 1.7 0.38 774 1.8
0.47 861 2 0.5 888 2 0.48 870 2.1
0.53 914 2.3 0.53 914 2.4
0.58 956 2.6
0.61 981 2.7
0.64 1004 2.8
0.71 1058 3
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Appendix B: Carbon Dioxide Measurements

Measurements of carbon dioxide volume were obtained using a dry gas meter.

Flow rate of the system was calculated using orifice meter’s calibration equations.

Table X. Carbon Dioxide Flow Rates at Different Rates of Generation.

Run 1 Run 2 Run 3

Total Volume (L) 47.6 85.7 110
Time (min) 10 10 10

Flow Rate (L/min) 4.76 8.57 11.0
Background Concentration (ppm) 444 532 484
Average System Flow Rate (L/min) 951 970 980
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Appendix C: Calibration of Nitrogen Flowrate

Calibration of rotameter was made using a TSI mass flow meter (MFM), model 4146
(Shoreview, MN.).

Table XI. Calibration of Rotameter at Different Flowrates of Nitrogen.

Rotameter (M;'m)
10 2.21
20 4.9
30 7.55
40 10.2
50 13
60 15.8
70 18.9
80 21.8
90 24.9
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Figure 30. Calibration Curve of Nitrogen Flowrate.
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Appendix D: Determination of the Cut-Off Particle Diameter of the Vertical Elutriator

The determination of the velocity of nitrogen through the vertical elutriator was obtained
using Equation 13, where the flowrate of nitrogen was determined using the regression equation

of Figure 28. The area was determined using Equation 23.

Area =1 * r? (23)

The diameter measured was 18.69 cm with a radius of 9.346 cm. The area of the circle was
determined to be 274.27 cm®. Using Equation 13, the velocity of the nitrogen in the vertical
elutriator was 0.51 cm/sec.

The calculation of the diameter of the fly ash particle passing the vertical elutriator was made
using Equation 14 where the viscosity of the nitrogen is 0.000175 poise, the density of the fly ash

is 2.65 g/cm®and acceleration due to gravity is 981 cm/sec? (Hinds, 1999).

q= (0.51 cm/sec)(18)(0.000175 gm/cm sec)
- (2.65 gm/cm®)(981 cm/sec?)

d =0.000786 cm

d=7.86 um

The theoretical diameter of the fly ash particles passing the elutriator and entering

to the system is about 8 um or lower.
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Appendix E: TEOM Dust Concentrations

Table X1l. TEOM Dust Concentrations at RPM 0.2

First Second Third Fourth Fifth

T|r_ne Run Run Run Run Run
(min) (ug/ 3 3 3 3 3
Hg/m*)  (ug/m®)  (pg/m®) (pg/m’)  (ug/m’)
1 3.4 8.6 8.7 9.2 9.7
2 3.6 7.9 7.5 9.2 9.3
3 3 8 5.7 9.3 9.8
4 3 7.3 5.5 9.1 10
5 3.2 8.1 3.6 9.4 10.1
6 3.1 75 3.1 9.4 9.5
7 6.7 9.6 5 10.8 10.6
8 19 17.3 13.6 20.2 18.2
9 36 30.1 27 325 29.3
10 52.1 43.8 39.9 45 40.5
11 66.7 55.9 54.1 55.4 50.3
12 78.1 66 66.4 63.8 59.2
13 86.1 73.6 75.2 70.6 67
14 92.1 80 82.4 76.3 735
15 96.2 84.1 87.7 81.2 77.4
16 99.4 86.7 91.4 84.5 81.9
17 101.7  89.3 94.9 86.3 85.7
18 1043  90.9 97.5 88.4 88.2
19 105 91.7 99 90.2 92.2
20 106.3  93.3 99.9 92.2 96.6
21 105.6  94.3 101 935 1003
22 104.7 95.8 102.4 957 1035
23 105.1 96.8 103.4 957 1065
24 1055  98.3 1045 969 1082
25 106.1 99.7 105.1 978 1101
26 106.2 1008 1051  99.8 1115
27 105.1 1023 1048 101 1113
28 103.4 1037 1049 1008  111.9
29 102.6 1045 1052 101 112
30 1025 1058 1067 1001  112.2
31 102.4 1062 1071 1012 112
32 102.4 106 108.7 1023 1131
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Appendix E (continued)

Table X1I. TEOM Dust Concentrations at RPM 0.2 (continued)

First Second Third Fourth Fifth
Run Run Run Run Run

(ug/m®)  (ug/m®) (ug/m®) (ug/m®) (ug/m®)

Time
(min)

33 102.3 107.1 110.3 1021 113.6
34 102.4 108.3 111.7 103.6 1149
35 102.6 108 1129 1045 1164
36 103.4 108 1135 106.3  117.6
37 103.8 109.1 1149 1075 119.6
38 104.1 110.3 1156  108.8  120.6
39 104.6 111.4 1153 1095  120.7
40 105.5 112.2 116.1 1103  119.6
41 105.5 113.2 117.2  110.2 120.4
42 106.5 113.5 1189 1108 120.2
43 107 113.2 119 1115 1188
44 107.6 112.8 120.1 1113 1181
45 107.5 111.6 119.8  110.7 118.2
46 107.5 111.2 119.7  110.7 119.2
47 107.6 110.3 118.9  110.7 120.4
48 108 109.2 117.8 1104  120.8
49 108.4 108.7 1175 1114 1217
50 107.4 108.7 116.9  110.7 121.9
51 108.2 109.6 1156  110.7 123.7
52 108.3 111.3 1154 1118 125
53 108.1 113.6 114 1134 126.3
54 108.1 115.4 1121 1142 126.5
55 108.3 116.2 1114 1144  127.2
56 107.8 118 109.7 1149 126.9
S7 107.5 118.6 109.2 1149 126.1
58 106.6 120 109.6 116 125.7
59 107.4 120.2 110.1 117 124.6
60 108.2 121 111.3 1158 1228
61 108.1 120.7 1122 1149 120.2
62 108.7 119.9 112 113.6  118.8
63 108.8 117.3 1116 1123 1183
64 109.8 116.6 111.3 1117 117.6
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Appendix E (continued)

Table X1I. TEOM Dust Concentrations at RPM 0.2 (continued)

First Second Third Fourth Fifth
Run Run Run Run Run

(ug/m®)  (ug/m®) (ug/m®) (ug/m®) (ug/m®)

Time
(min)

65 110.2 114.4 1119 1105  115.2
66 109 113.1 1122 1104  110.8
67 108.4 112 1121 1107 104
68 107.5 109.4 1104 1104 96.5
69 106 105.8 107.1  108.4 87.4
70 102.9 99.9 1025  104.2 79

71 97.5 93.2 94.8 97.4 70

72 914 84.1 86.7 89.6 62.4
73 84 75.8 79 82.6 55.9
74 76.2 67.2 70.6 4.7 49.3
75 68.4 58.9 63.7 65.6 44

76 59.9 51.9 56.3 58.9 38.5
77 51.1 44.9 49.4 53 33.8
78 44.3 39.7 44.4 46.6 30.5
79 38.6 36.3 39.2 40.8 27.4
80 33.8 33.2 33.5 36.7 24.5
81 28.8 28.8 29.5 32.7 21.7
82 25.3 25.3 25.8 30 19.9
83 23.5 22 22.9 26.9 18.7
84 21.8 19.8 20.7 23.8 175
85 194 17.8 18.8 21.3 16.4
86 16.4 16.5 17.7 18.8 15.1
87 14.6 15.2 16.2 17.1 14
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Appendix E (continued)

Table Xl11l. TEOM Dust Concentrations at RPM 0.4

First  Second  Third Fourth Fifth

T|r_ne Run Run Run Run Run
(min) (ug/ 3 3 3 3 3
Hg/m®) (pg/m’) (pg/m’) (ug/m’) (Hg/m®)

1 1.6 2.4 -0.6 10.5 1.8
2 2.9 2.9 -0.6 10.2 2.2
3 2.6 2.4 0 10.3 2.8
4 2.4 2.3 -0.6 11.9 2.4
5 2.5 2.2 -0.4 12.3 2.7
6 2.2 1.1 -0.9 12.3 3.1
7 3.3 3.3 -0.7 13.4 5.1
8 14.2 8 3.6 16.1 13
9 30.3 15.2 13.5 21.7 24.9
10 48.2 23.8 24.5 28.2 39.1
11 64.3 33.7 37.1 38 52.2
12 78.9 45.2 49.7 47.5 65.2
13 94.1 59 62.8 58.5 77.3
14 106.6  71.2 73.1 67.9 87.9
15 117.4  80.2 84.8 75.5 96.8
16 1276 918 94.7 844  106.6
17 1375 1015 1031 923 1147
18 146 1114 110 100  121.2
19 1545 1195 117 1064 1276
20 161.4 1271 1232 1127 1333
21 167.2 1333 1292 1196 1387
22 172.2 1381 1343 1255 1441
23 177.7 145 1383 130.3 1485
24 1825 1505 1431 1342 152
25 185.6  153.7 1457 136.8 1552
26 189.9 156.2 1493 1404 1587
27 192.4 1585 152 1444 1613
28 195.7 160.8 1537 146.8  163.3
29 197.7 1629 1569 1486  166.9
30 2009 1635 1589 1504 1711
31 202.8 1654 1613 152 173
32 2042 1659 1621 1547 1756
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Appendix E (continued)

Table XI1Il. TEOM Dust Concentrations at RPM 0.4 (continued)

Time First  Second Third Run Fourth Fifth
Run Run

Run Run (1g /m3)
(ug/m®)  (ug/m®) (ug/m®)  (ug/m®)

33 205.6  166.5 164.1 156.7 176.6
34 206.2 167.4 165.4 158.3 178.5
35 206.8  167.5 165.5 159.9 180.9
36 2074  168.3 165.8 161.1 181.7
37 209.9 168.4 166.7 161.7 182.2
38 2103  168.1 167.3 163 182.6
39 210.9 168.7 168 162.8 183.1
40 211.9 168.3 169 163.2 184.1
41 213 169.3 169.8 163.5 184.5
42 213.2 169.5 171 163.1 185.3
43 2143  169.5 172.5 1644  186.1
44 214.5 169 173 165.5 185.6
45 2153  168.7 173.2 165.1 185.4
46 2155  168.6 174.7 165.7 184.9
47 215.1 167.4 174.6 165.9 185.7
48 214.1 167.3 174.4 166.6 186.3
49 214.2 168.8 1745 168.1 186.5
50 215.2 168.8 176.2 168.5 186.3
51 2143  169.9 176.2 168.8 187.5
52 2134  168.9 176.6 169.1 188.7
53 213.9 169.5 175.9 169.8 191
54 213.9 169.6 177.3 170.3 191.4
55 213.9 168.7 176.1 170.3 192
56 2135 1694 175.3 171.1 192.2
S7 2136  168.4 175.2 170.6 193.1
58 213.9 168.5 174.9 170.1 193.2
59 215 167.5 174.2 170.5 192.6
60 2156  168.3 175 1704 1916
61 215.1 169.1 175.2 169.9 192
62 2148  170.6 176.1 171 192.1
63 213.9 170.3 176.4 171.9 192.3
64 213.8  169.9 176 172.5 192.5
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Appendix E (continued)

Table XI1Il. TEOM Dust Concentrations at RPM 0.4 (continued)

First  Second  Third Fourth Fifth

(Trrllr|rr]3 Run Run Run Run Run
(ug/m®)  (ugim®)  (ugim® (ug/m® (ug/m®)
65 213 1698 1753 172.6 1911

66 211.9 1689  175.7 172.8  189.8
67 2126  167.2 176.1 171.9 190.6
68 2115 1657 1751 170.7 188.8
69 206.1 161.8 1694  165.5 183
70 196.3  153.3 160.8 1564 1743
71 1825 1426  149.1 144.9 162.4
72 167.2 130.6  136.9 131.9 147.9
73 150.9 1158 1234  117.9 132
74 1344  103.1  110.2 104.2 117
75 118 91.8 97 92.9 101.9
76 103.5 81.2 84.5 83.2 90.2
77 90.4 71.5 74.3 72.6 76.6
78 78.9 60.4 64.3 62.8 65.9
79 68 52 55.6 53.3 57.5
80 59 44.4 47.9 45.7 48.7
81 50.5 38.3 40.4 39.6 41.5
82 42.9 34.2 34.1 34.4 36

83 35.7 28.9 30.1 28.9 30.5
84 31 245 26.2 25 26.3
85 21.7 21.3 22.9 22.1 22.5
86 23.7 17.7 20.3 20 19.9
87 20.7 14.9 16.8 17.4 17
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Appendix E (continued)

Table X1V. TEOM Dust Concentrations at RPM 0.8

First Second Third Fourth Fifth

(min) Run3 Run3 Run3 Run3 Run3
(g/m)  (ng/m?)  (ng/m?)  (ng/m?) (ng/m?)
1 27.8 3.9 2.7 2.8 -0.8
2 25.2 3.9 2.6 3.3 -0.2
3 23.4 2.8 2.9 2.3 -0.4
4 21.8 2.4 3.8 2.8 0
5 20.3 3.9 3.8 3.7 -0.4
6 17.9 4.8 3.6 3.3 -0.4
7 16.3 5.9 6.2 5.6 4.8
8 18.3 9.8 21.5 13.8 27.1
9 26.1 19.2 47.2 26.5 58.4
10 41.7 37.8 80.1 40.6 89.9
11 64 63 115.1 56.1 118.5
12 93.2 93.8 151.5 73.3 145.1
13 126.2 128.8 187.1 91.7 168.8
14 159.2 165.6 218.2 111.9 189.9
15 191.6 202.6 246.9 132.6 209.4
16 221.2 237.2 273.1 153.2 227.2
17 248 268.2 294.8 172.5 244.5
18 272.1 298.6 313.3 192.2 260.6
19 293 325.3 330.8 210.7 274.6
20 312.8 348.1 345 228.8 288
21 329.2 369.1 357.4 246.3 300.2
22 344 386.9 367.6 263.3 312.3
23 356.3  402.5 375.4 279.5 323
24 368 415.8 382.7 293 332.9
25 377.4  429.1 390 307.1 341.7
26 384.3 4415 398.3 318.6 350.7
27 3909  451.3 405 327.8 358.4
28 396 461.6 409.8 335.5 365.2
29 400.3 4695 413 342.4 371.4
30 404.3  476.8 413.3 348.4 376.8
31 408.8 482 413.6 353.6 381.3
32 4104 4855 413.3 358.4 386.2
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Appendix E (continued)

Table X1V. TEOM Dust Concentrations at RPM 0.8 (continued)

First Second Third Fourth Fifth
Run Run Run Run Run

(ng/m®)  (ug/m®)  (ug/m®)  (ug/m®)  (ug/m®)

33 4124 4856 4139 3629  390.9
34 411.3 487 4154  367.6 395
35 4129 4856  416.2 3712 39838
36 4145 4879 4166 373.6 4019
37 4135 489.2 4174 3761 4035
38 414 490.8 4175 3799 4058
39 4142 4921 4173 3833  406.5
40 416.2  488.1 418 386.9  408.2
41 418.1 487.2 4193 3889  408.9
42 418 4959 4188  388.1 410.6
43 4173  505.2 4192 3874 4128
44 4158 507.2 4185  388.6  415.2
45 4127  508.7 419.2 387.6  416.7
46 4118 509.8 421.8 389.3 416.7
47 404.2 5089 4244 3916 4174
48 3999 5073 4244 3943  418.7
49 396.1  505.8 423 397.3  420.2
50 3948 504.6 420.7 3988 42038
51 3945 5033 4206 3999 41938
52 394.8 501 420.3  399.8 420.1
53 3969 500.1 420.8 4005 4219
54 398.8  498.7 4215 4014 4219
55 399.4  498.7 4237 403.2 4212
56 401.3 5017 4258 403.8 4212
S7 403.8 509.2 4282 403.2 4211
58 405.2 5152 4315 4046 4216
59 4075  521.7 435 4044 4211
60 408.7 520.5 4384 4058 4217
61 408.8  511.9 443 405.7 4205
62 407.8 502.6 4448 406.3  420.7
63 407.2 4958 4469  406.7  420.8
64 406.3 492 4484 4069  421.9
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Appendix E (continued)

Table X1V. TEOM Dust Concentrations at RPM 0.8 (continued)

First Second Third Fourth Fifth
Run Run Run Run Run

(ng/m®)  (ug/m®)  (ug/m®)  (ug/m®)  (ug/m®)
65 4057 490.8 4498 4075 4234
66 4059 4893 4507 4073 4244
67 4047 4903 4466 4077 4252
68  399.7 4853 4329 4046 4208
69 3875 4683 409.8 3933  407.7
70 3665 4417 3794 3735 3856
71 3387 4067 3451 3467 3565
72 3082 3682 309.6 3153 3248
73 2763 328 2743 2823 292

74 2449 2886 2403 2499 2608
75 2148 252 2093 219 2303
76 187 2179 1815 1906 2022
77 1616 1876 1561 1648 1764
78 1396 1614 1341 1415 1535
79 1202 138 1148 1215 1334
80 1029 1179 983 1036 1149
81 885 1009 844 89 99.4
82 763 867 728 75 84.4
83 657 741 629 64 72.7
84 564 632 546 553 628
85 49 54 47 468  54.1
86 419 463 413 404 468
87 361 404 364 354 41

88 312 347 322 308 357
89 283 299 278 265 312
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Appendix E (continued)

Table XV. TEOM Dust Concentrations at RPM 1.6

. First Second Third Fourth Fifth
Time

(min) Run3 Run3 Run3 Run3 Run3
(g/m?)  (ng/m?)  (ng/m?)  (ng/m?) (ng/m?)
1 2.5 5 11.5 55 12
2 2.7 5.3 11 5.2 13.2
3 2.9 5.2 10.4 4.9 13.1
4 3.6 5.7 11.5 4.6 11.4
5 2.9 4.6 10.9 4.2 11.4
6 2.8 6.2 10.6 4.3 12.5
7 2.9 7.1 13 8.2 12.8
8 13.8 13.4 25.5 27.1 22.3
9 35.6 31.3 50.3 56.6 43.8
10 64.9 56.9 81.8 92.4 75.8
11 97.9 91.4 120.2 130.9 114.3
12 135.7 129.4 158.6 171.1 157.1
13 174.3 166.8 196.8 210.8 201.8
14 212.4 205.7 236 248.3 242
15 250 244.4 272.4 283.3 280.7
16 286.4 280.7 307.3 316.1 313.7
17 320.9 312.6 337.9 346.3 345.3
18 353.5 340.9 366.1 376 374.1
19 382.4  366.3 3924  402.1 399.6
20 406.3 388.6 4153  425.7 421.2
21 4289  408.1 4355 44472 439.2
22 449 426.3 453.4  461.2 454.3
23 467.2 4424 4675 475 466.9
24 483.2 4575 479.2 488.2 478.1
25 496.8 4704  489.7 500 486.8
26 507.5  480.5 498.8 509.3 494.7
27 518.6 4904 507.7 518 500.7
28 526.8  498.1 515 525.8 506.2
29 534.3 503.6 521.6 532.1 512.1
30 542.1 508.8 529.7 537.5 517.2
31 548.7 512.1 537 542.2 519.9
32 552.4 516 543.1 546.9 524.5
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Appendix E (continued)

Table XV. TEOM Dust Concentrations at RPM 1.6 (continued)

First Second Third Fourth Fifth
Run Run Run Run Run

(ng/m®)  (ug/m®)  (ug/m®)  (ug/m®) (ug/m®)

33 556.6  520.7 548 551 527.6
34 5579  525.6  553.8 5552 5313
35 559.5 528.2 5585  559.3 5335
36 561.8 530.6  561.7 566 535.1
37 562.8 531 563.5 5748  538.8
38 564 530.6 571.3 581.7 539.8
39 565.6  529.8 581 584.9  540.7
40 567.3 529 589.1 5855 541
41 569.6  526.8 593.2  584.7  544.7
42 571 5253 5925 5799 546.1
43 5723 523.6 587.2 5723  546.6
44 573.8 521 582.3  564.4 543
45 5749 5202 5809 559.2  539.9
46 5754 5195 5839  557.7  534.7
47 577.7 5204 5869 5585 5311
48 579.2 5223 5894 5594  529.7
49 580.2 524 590.6  560.7  529.9
50 580.2 527.4 5875 5644 5312
51 5785 533.8 5793 567 533.8
52 578.2 5424 5693 5693 5379
53 ST1.7 547 559.2  569.8  543.6
54 5773 5484 5527 566.9  547.5
55 577.3 5485 5491  563.2 5495
56 5778 5459 548.8 5604  548.9
57 576.6 5385 550.2 5584 5459
58 5774 5316 5541  557.3 543
59 578.7  527.4 558 558.9 5413
60 581.3 5249  559.8 566.8 540.4
61 585.2 5239  557.7 5782  540.6
62 584.2 5214 5547 5875  543.2
63 583.5 5205 552.8 592.6  545.6
64 5828 5194  550.6  595.3 550

Time
(min)
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Appendix E (continued)

Table XV. TEOM Dust Concentrations at RPM 1.6 (continued)

First Second Third Fourth Fifth
Run Run Run Run Run

(ng/m®)  (ug/m®)  (ug/m®)  (ug/m®) (ug/m®)

65 5826 5182 546.8 5941  553.2
66 580.9 5184 545 590.8 557
67 579.8 521.3 5435  583.7 558
68 5729 5246  537.7 570 552.5
69 554.6 5141 5211 5473  536.5
70 526.4 4923 49477 5158  509.1
71 4904  461.7 462 477 475.2
72 4479 4247 4248 4353  436.9
73 403 386.1 3855 3916 3993
74 3595 3469 3464 3495 3595
75 317.1  308.9 309 309.5  320.9
76 277.4 273 2737 2724 2844
77 241.7 240 241.3 2393 2518
78 2109 2101 2139 2091 2218
79 182.8 1839 188.6 1833  195.2
80 159.1 1614 1653 1595 1719
81 138.1 1404 1446 139 151.9
82 119.2 1226  126.7 1214 1333
83 1039 1064 1128 106.1 1173
84 914 93.2 100 93.6 103.1
85 79.8 82 90.5 82 91.3
86 70.3 71.7 80.4 2.7 80.9
87 61.8 62.1 71.7 64.4 71.7
88 54.3 55 66.3 57.4 64.2
89 47.8 48.2 59.8 50.4 57.3
90 41.6 43.6 54.6 45.1 52.2
91 38.3 38.1 49.7 39.8 46.7
92 345 33.8 45.9 36.7 42.7
93 31.7 30.1 43.3 33.7 39.7
94 28.1 28.6 40.3 30.4 37.4
95 254 25.7 37.1 27.5 35.4

Time
(min)
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Appendix F: Air Pump Calibration

Air pumps where pre and post calibrated for each run with BIOS Defender 510-M.

Table XVI. Pre and Post Calibration of Pumps for Generation at RPM 0.2

Pump

SKC 35287 SKC 35304 MSA A3-45688
Model
Pre Post Pre Post Pre Post
(L/min) (L/min) (L/min) (L/min)  (L/min) (L/min)
1 2.500 2.472 2.506 2.490 2.521 2.499
2 2.506 2.477 2.513 2.507 2.522 2.520
3 2.523 2.474 2.504 2.490 2.521 2.501
4 2.518 2.493 2.525 2.485 2.536 2.501
5 2.527 2.486 2.485 2.480 2.535 2.492
6 2.505 2.491 2.507 2.476 2.526 2.498
7 2.534 2.493 2.514 2.502 2.539 2.491
8 2.513 2.479 2.520 2.495 2.520 2.491
9 2.495 2.479 2.492 2.494 2.535 2.491
10 2.522 2.479 2.527 2.501 2.532 2.493
Average 2.514 2.482 2.509 2.492 2.529 2.498
SD 0.01269  0.00772 | 0.01363  0.00987 | 0.00730  0.00896
CVv 0.505%  0.311% 0.543% 0.396% | 0.289%  0.359%
Average 2.498 2501 2513
Flow
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Appendix F: Air Pump Calibration (continued)

Table XVI. Pre and Post Calibration of Pumps for Generation at RPM 0.2 (continued)

Pump MSA A3-45690 MSA A3-45688
Model
Pre Post Pre Post
(L/min) (L/min) (L/min) (L/min)
1 2.500 2.489 2.4833 2.4992
2 2.506 2.491 2.4675 2.5032
3 2.497 2.490 2.4675 2.4905
4 2.513 2.488 2.4869 2.4874
5 2.504 2.491 2.4905 2.4981
6 2.499 2.490 2.4874 2.4864
7 2.494 2.488 24776 2.4909
8 2.513 2.488 2.493 2.4951
9 2.503 2.488 2.4854 2.5007
10 2.508 2.488 2.4823 2.4879
Average 2.504 2.489 2.482 2.494
SD 0.00633  0.00118 0.00882 0.00610
CVv 0.253% 0.047% 0.355% 0.245%
Average 2.496 2.488
Flow
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Appendix F: Air Pump Calibration (continued)

Air pumps where pre and post calibrated for each run with BIOS Defender 510-M.

Table XVII. Pre and Post Calibration of Pumps for Generation at RPM 0.4

Pump

Model MSA A3-45690 MSA A3-45688 MSA A3-45691
Pre Post Pre Post Pre Post
(L/min) (L/min) (L/min) (L/min)  (L/min) (L/min)
1 2.498 2.488 2.524 2.486 2.497 2.511
2 2.507 2.491 2.521 2.477 2.495 2.521
3 2.495 2.494 2.510 2.483 2.505 2.510
4 2.506 2.493 2513 2.471 2.503 2.514
5 2.501 2.491 2.510 2.472 2.508 2.513
6 2.498 2.491 2.521 2.468 2.495 2.501
7 2.497 2.492 2.517 2.475 2.492 2.502
8 2.498 2.493 2.517 2.473 2.504 2.523
9 2.494 2.492 2.507 2.478 2.510 2.526
10 2.498 2.489 2.508 2.468 2.497 2.529
Average 2.499 2.491 2.515 2.475 2.500 2.515
SD 0.00444  0.00179 0.00606 0.00605 | 0.00609  0.00951
CVv 0.177% 0.072% 0.241% 0.245% | 0.244%  0.378%
Average 2.495 2495 2,508
Flow
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Appendix F: Air Pump Calibration (continued)

Table XVII. Pre and Post Calibration of Pumps for Generation at RPM 0.4 (continued)

Pump MSA A3-45687 MSA A3-45688
Model
Pre Post Pre Post
(L/min) (L/min) (L/min) (L/min)
1 2.510 2.489 2.513 2.519
2 2.514 2.498 2.482 2.516
3 2.506 2.498 2.516 2.494
4 2.502 2.499 2.517 2.526
5 2.512 2.490 2.517 2.488
6 2.508 2.490 2.505 2.512
7 2.509 2.502 2.521 2.518
8 2.502 2.500 2.485 2.511
9 2.504 2.496 2.478 2.508
10 2.510 2.491 2.507 2.490
Average 2.508 2.495 2.504 2.508
SD 0.00417 0.00483 | 0.01631 0.01318
CVv 0.166%  0.193% 0.651% 0.526%
Average 2501 2506
Flow
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Appendix F: Air Pump Calibration (continued)

Air pumps where pre and post calibrated for each run with BIOS Defender 510-M.

Table XVIII. Pre and Post Calibration of Pumps for Generation at RPM 0.8

Pump

Model MSA A3-45691 MSA A3-45687 MSA A3-45690
Pre Post Pre Post Pre Post
(L/min) (L/min) (L/min) (L/min)  (L/min) (L/min)
1 2.513 2.466 2.499 2.467 2.483 2.445
2 2.512 2.478 2.512 2.469 2.480 2.445
3 2.511 2.485 2.501 2.458 2.482 2.449
4 2.513 2.472 2.511 2.467 2.489 2.446
5 2.491 2.490 2.508 2.467 2.479 2.445
6 2.506 2.482 2.502 2.469 2.484 2.446
7 2.494 2.480 2.518 2.473 2.481 2.443
8 2.494 2.473 2.502 2.455 2.484 2.444
9 2.501 2.485 2.504 2.460 2.482 2.446
10 2.492 2.469 2.503 2.461 2.486 2.443
Average 2.503 2.478 2.506 2.465 2.483 2.445
SD 0.00919  0.00780 0.00600 0.00579 | 0.00301 0.00171
Ccv 0.367% 0.315% 0.240% 0.235% | 0.121%  0.070%
Average 2.490 2485 2464
Flow
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Appendix F: Air Pump Calibration (continued)

Table XVIII. Pre and Post Calibration of Pumps for Generation at RPM 0.8 (continued)

Pump SKC 35304 SKC 35287
Model
Pre Post Pre Post
(L/min) (L/min) (L/min) (L/min)
1 2.502 2.500 2.491 2.503
2 2.488 2.498 2.486 2.484
3 2.518 2.498 2.508 2.500
4 2.526 2.503 2.490 2.482
5 2.535 2.505 2.511 2.515
6 2.518 2.510 2.508 2.490
7 2.513 2.499 2.480 2.504
8 2.521 2.520 2.492 2.500
9 2.494 2.500 2.521 2.507
10 2.529 2.524 2.517 2.496
Average 2514 2.506 2.500 2.498
SD 0.01523  0.00939 0.01420 0.01035
CVv 0.606% 0.375% 0.568% 0.414%
Average 2510 2499
Flow
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Appendix F: Air Pump Calibration (continued)

Air pumps where pre and post calibrated for each run with BIOS Defender 510-M.

Table X1X. Pre and Post Calibration of Pumps for Generation at RPM 1.6

Pump

SKC 35306 SKC 35287 MSA A3-45690
Model
Pre Post Pre Post Pre Post
(L/min) (L/min) (L/min) (L/min)  (L/min) (L/min)
1 2.507 2.512 2.490 2.489 2.488 2.476
2 2.521 2.495 2.502 2.485 2.489 2.466
3 2.485 2.505 2.490 2.477 2.492 2.465
4 2.501 2.506 2.493 2.470 2.488 2.463
5 2.527 2.502 2.511 2.460 2.498 2.465
6 2.523 2.250 2.506 2.498 2.501 2.463
7 2.522 2.505 2.486 2.491 2.490 2.462
8 2.524 2.485 2.504 2.457 2.496 2.464
9 2.518 2.509 2.505 2.467 2.488 2.463
10 2.493 2.496 2.483 2.474 2.488 2.464
Average 2.512 2.476 2.497 2.477 2.492 2.465
SD 0.01462  0.08002 0.00942 0.01367 | 0.00487  0.00401
Ccv 0.582% 3.231% 0.377% 0.552% | 0.196%  0.163%
Average 2,494 2487 2478
Flow
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Appendix F: Air Pump Calibration (continued)

Table X1X. Pre and Post Calibration of Pumps for Generation at RPM 1.6 (continued)

Pump MSA A3-45691 MSA A3-45687
Model
Pre Post Pre Post
(L/min) (L/min) (L/min) (L/min)
1 2.514 2.498 2.520 2.487
2 2.518 2.501 2.517 2.476
3 2.519 2.500 2.506 2.485
4 2.518 2.500 2.505 2.479
5 2.520 2.498 2.513 2.477
6 2.518 2.499 2.502 2.479
7 2.510 2.514 2.513 2.483
8 2.515 2.512 2.502 2.473
9 2.524 2.496 2.513 2.485
10 2.513 2.509 2.514 2.476
Average 2.517 2.503 2.510 2.480
SD 0.00386  0.00640 0.00645 0.00462
CVv 0.153% 0.256% 0.257% 0.186%
Average 2510 2495
Flow
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Appendix G: Critical Orifice Calibration

Critical orifices calibrated with BIOS Defender 510-M.

Table XX. Calibration of Critical Orifices.

Tl T2 T3 T4 15 T6 T7 T8

3351 3398 3349 2202 2239 2178 2.253 2.277
3.349 3396 3349 2203 2238 2176 2.251 2.277
3348 3396 3.349 2203 2235 2179 2.253 2.279
3.349 3396 3349 2205 2240 2178 2.253 2.279
3.347 3396 3349 2206 2239  2.180 2.255 2.279
3.350 3408 3.349 2206 2237 2.180 2.254 2.279
3.348 3396 3349 2206 2236  2.176 2.257 2.270
3351 3396 3347 2231 2238 2177 2.257 2.281
3348 3396 3351 2229 2238 2177 2.257 2.283
3.347 3398 3357 2230 2238 2178 2.256 2.282

Average 3.349 3398 3350 2212 2238 2178 2.255 2.279
SD 0.001 0.0037 0.0027 0.012 0.0015 0.0013 0.0022 0.0036
Cv 0.04% 0.11% 0.08% 0.56% 0.07% 0.06% 0.10% 0.16%
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Appendix G: Critical Orifice Calibration (continued)

Table XX. Calibration of Critical Orifices (continued)

19 IS1 IS 2 IS 3

2.273 3.980 3.995 3.976

2.270 3.985 4.000 3.980

2.271 3.984 4.000 3.978

2.275 3.983 3.999 3.978

2.273 3.984 4.001 3.977

2.273 3.987 4.001 3.978

2.274 3.984 4.000 3.977

2.274 3.985 4.000 3.978

2.274 3.985 4.000 3.980

2.273 3.987 3.999 3.980

Average 2.273 3.984 3.999 3.978
SD 0.00143 0.00193 0.00186 0.00129
Ccv 0.06% 0.05% 0.05% 0.03%
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Appendix H: Procedure for Generation of Gases in Exposure Chamber

This procedure was developed for the generation of gases using carbon dioxide.

1.

2.

Turn on the inhalation system and wait 5 minutes for its stabilization.

Obtain measurements of OM-1A and OM-1B. Calculate the air flowrate for each
orifice meter using Equations 15 and 16 respectively. Use the average flowrate of
both orifice meters as the flowrate inside the exposure chamber.

Connect the gas cylinder to the system. The injection point is located at the “T”
junction where the fresh air take and duct from the vertical elutriator meet. Gas
flow measurements can be obtained with a dry gas meter or a calibrated
rotameter. Once the air flowrate and test gas flowrate are determined, the
concentration at equilibrium inside the chamber can be predicted using Equation
4. Concentration at different points in time can be modeled using Equations 2 and
3. If the test material used is present in the atmosphere, background
concentrations should be taken in consideration when developing the
concentration model.

It is highly recommended to use a direct reading instrument to measure the gas
concentration inside the chamber.

Performing “trial” gas generations prior an inhalation challenge study is strongly
recommended. This will allow the researcher to be familiarized with the behavior
of the test material and the exposure chamber during the generation of test

atmospheres.
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Appendix I: Procedure for Generation of Particles in Exposure Chamber

This procedure was developed for the generation of particulates. As stated before, the

fly ash needs to be dried prior using it to avoid the formation of agglomerates.

1.

Place the fly ash in tray in a way that the amount of fly ash barely covers the
bottom of the tray. Dry the fly ash overnight in an oven at 200° C to reduce the
moisture content in the fly ash. Let it cool at room temperature.

Once the fly ash had been dried, press the fly ash inside the dust cylinder of the
Wright Dust Feeder using a 2-ton arbor press. This will reduce the variability of
pressure when compacting the fly ash in the dust cylinder. For more
information, please refer to the Wright Dust Feeder instruction manual.

Place the dust cylinder in the Wright Dust Feeder. Using a caliper, measure the
distance of the fly ash plug in the dust chamber and make sure that once the dust
chamber is closed, the scraper of the dust generator is close to the fly ash plug.
Make sure that when screwing the dust chamber back into the dust generator,
the scrapper does not touch the fly ash plug. If the scraper touches the fly ash
plug during the step, it will affect the integrity of the compacted fly ash
provoking the compacted fly ash to fall.

Turn on the blower of the exposure chamber. Turn on the TEOM and make
sure that the door is closed. This instrument has a 30 minute warm up period.
For more information about the operation of the TEOM, please refer to TEOM
service manual.

Make sure the bypass of the dust generation is turned on (test material is
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directed into a HEPA filter instead the exposure chamber). Turn on the dust
generator and slowly open the valve of the nitrogen at the same time. The
characterization of the chamber was made with the flowrate of nitrogen at 8.4
L/min (setting 30 at the rotameter). The flowrate of nitrogen will directly affect
the particle size entering the chamber and the dust concentration inside the
exposure chamber. Leave it running for 15 minutes to make sure the scraper of
the dust generator is engaged in the fly ash plug and the generated initial cloud
pulse is captured by the HEPA filter. Make sure the TEOM is in Operation
Mode “OK 4”.

Turn off the bypass into the exposure chamber. That is the moment when the
generation of test material starts. Turn on the bypass to end the generation of
test material.

For the measurements of particle size distributions while conducting generation
of particles, please refer to the instruction manual of the QCM cascade

impactor.
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Appendix J: Concentration across Exposure Chamber
For determination of distribution of concentration across the exposure chamber, five
consecutive runs were made. Dust concentrations were determined by gravimetric
analysis using 37 mm open face cassettes with PVC filters. No target dust concentration

was intended during this exercise.

Table XX. Concentrations across the Exposure Chamber

Run 1 Run 2 Run 3 Run 4 Run 5

Filter ugim?)  (ugim®)  (ugim®)  (ug/m’)  (ugimd)
1 336 407 354 252 276
2 358 419 366 284 276
3 273 408 334 273 287
4 321 447 351 279 281
5 320 391 359 277 301
6 277 377 346 277 218
7 287 357 336 246 290
8 310 388 358 250 283
9 293 432 361 273 306
10 317 335 314 306 266
11 306 385 395 265 298
12 297 345 315 266 330
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Appendix K: Calibration of Critical Orifices for Evenness of Concentration

Table XXI. Calibration of Critical Orifices for Evenness of Concentration

Critical

. T1 T2 T3 T4 T5 T6 T7
Orifice

3.181 3.175 3.176 3.115 3.13 3.255 3.241
3.178 3.164 3.17 3.113 3.13 3.254 3.253
3.175 3.16 3.167 3.106 3.142 3.251 3.245
3.170 3.163 3.168 3.112 3.124 3.252 3.254
3.170 3.161 3.167 3.109 3.121 3.249 3.249

Average 3.175 3.1646 3.1696  3.111  3.1294 3.2522 3.2484
SD 0.00487 0.00602 0.00378 0.00354 0.00805 0.00239 0.00546
Cv 0.15% 019% 0.12% 0.11% 0.26% 0.07% 0.17%
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Appendix K: Calibration of Critical Orifices for Evenness of Concentration (continued)

Table XXI. Calibration of Critical Orifices for Evenness of Concentration (continued)

T8 19 T10 T11 T12

3.334 3.299 3.16 3.274 3.256
3.327 3.295 3.151 3.261 3.249
3.32 3.288 3.143 3.274 3.256
3.343 3.312 3.166 3.267 3.255
3.339 3.306 3.177 3.273 3.278
3.3326 3.3 3.1594 3.2698 3.2588
0.00924 0.00935 0.01316 0.00572 0.01112
0.28% 028% 042% 0.17% 0.34%

110



About the Author
Luis F. Pieretti received a Bachelor’s Degree in Biology from Inter American
University of Puerto Rico in 2001 and a M.S. in Industrial Hygiene from University of
Puerto Rico in 2003. He started working as an industrial hygiene specialist for Johnson
and Johnson in San German, PR until he entered the doctoral program at USF in 2005.
While in the Ph.D. program at the University of South Florida, Mr. Pieretti
assisted the Environmental and Occupational Health graduate course and worked as a

consultant for the USF SafetyFlorida OSHA Consultation Program.



