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MEMORANDUM

SUBJECT: Presentation and analysis of controlled human sxgodata described in Table
3-1 of the 2008 Integrated Science Assessment (i&~Julfur Oxides

FROM: Douglas Johns, EPA, NCEA-RTP
TO: Sulfur Oxides NAAQS Review Docket
DATE: April 29, 2009

This memorandum provides additional backgroundrin&dion on the data presented in Table 3-
1 of the 2008 ISA for Sulfur Oxides — Health Cridethereafter, 2008 SOx ISA) from studies of
controlled, short term exposures to sulfur dioxi@€,) among mild and moderate asthmatic
adults. Table 3-1 of the 2008 SOx ISA presents\amview of the S@induced changes in lung
function observed in studies for which individuabgect data are available. The effect of
exposure to S@during exercise on pulmonary function tests, rmteof changes in FEVand
specific airway resistance (sRaw), was adjustedhi®effect of exercise in clean air. This was
achieved by calculating the difference betweerptiteent change in lung function relative to
baseline with exercise during exposure t@,3Dd the percent change in lung function relative
to baseline with exercise during exposure to ceEanAll individual subject data represented in
Table 3-1 of the 2008 SOx ISA are included as geagix attached to this memorandum.

The individual subject data are drawn from eithaéginal study publications or from information
provided previously to EPA by the study authors.séme cases, individual subject lung
function data were explicitly presented in the mradwork (Bethel et al., 1983; Bethel et al.,
1985; Kehrl et al., 1987; Magnussen et al., 199Q)ng function data on individual subjects
from four additional studies (Linn et al., 1987889 1990; Roger et al., 1985) were previously
made available to the U.S. EPA in the form of cemélaboratory notes and computer printouts
which were included as an attachment to a memo EamSmith to the S@Docket (Smith,
1993). These data were summarized in Table Bttheo1 994 Supplement to the Second
Addendum to Air Quality Criteria for Particulate Mer and Sulfur Oxides (hereafter, 1994
Supplement).

Table 3-1 expands upon the presentation in TaldeoBthe 1994 Supplement by including the
full array of data from individual subjects. Althgh subjects in these studies were exposed for
10 minute periods of exercise to S€ncentrations between 0.2 and 1.0 ppm, data evédye
presented in Table B-1 for exposures ta 8@hcentrations 0.4 ppm. In order to present



similar responses of individual subjects followigxposure to 0.2-0.3 ppm 20t was necessary
to extract data from the original paper copieschiea to Smith (1993). A brief description of the
exposure codes used in the studies was includedgthe materials provided by the authors,
which was used to interpret the laboratory nof@ata were extracted by one EPA staff scientist,
followed by a second EPA staff scientist who indegently checked 10% of the entries. As an
additional measure of quality control, lung funotimeasurements (FEVAnd sRaw) were also
extracted for the exposure concentrations thateaa included in the 1994 Supplement. In
most cases, these individual values were presémtedbular form in Part A of item IV-B-5,
Docket No. A-84-25, which allowed for a direct caaigon between the current extraction of
data and those data previously presented in SH@®3). In this comparison, the current and
previously extracted data matched in the vast nigjof cases. However, a small number of
discrepancies were observed, as discussed in fudétail below.

As with the analysis presented in the 1994 Suppientiee analyses of the Linn studies
presented in the 2008 SOx ISA were limited to thigal exercise period of the first round of
exposure for Linn et al., 1987, as well as the n@dication regimen for mild asthmatics (Linn
et al., 1988) and normal medication regimen for emate asthmatics (Linn et al., 1990). These
data, along with data from Roger et al. (1985) sanwed in Smith (1993) allowed for a
comparison of 724 lung function measurements (pdepost exposure, with and without §O
Of these 724 values, there were six values thédrdd between Smith (1993) and the data
extracted for use in the analysis presented 2808 SOx ISA (~ 99.2% concordance). Of the
six discrepancies, four were due to difficultieadmg the values in the scans of the written lab
notes: 1) Linn et al., 1987, subject 884 post-asersRaw in clean air, 2) Linn et al., 1988,
subject 892 pre-exercise FEWith SG (0.6 ppm), 3) Linn et al., 1990, subject 1195 post
exercise sRaw in clean air, and 4) Linn et al.,013$@bject 1207 pre-exericse sRaw with, SO
(0.6 ppm). In the other 2 cases, values of foxitad capacity (FVC) rather than FEVppear to
have been mistakenly recorded for one subjectarstimmary data presented in Smith, 1993
(pre- and post-exercise FEW clean air for subject 1096 in Linn et al., 198All of these
discrepancies were minor and did not affect theesbresented in Table 3-1 of the 2008 SOx
ISA.

However, in some instances, the values presentédhble 3-1 of the 2008 SOx ISA differ
slightly from the values presented in Table B-1haf 1994 Supplement. The number of
asthmatics from Linn et al., 1987 experiencind 5% and> 20% decreases in FEY¥obllowing
exposure to 0.6 ppm S@re listed in Table B-1 of the 1994 Supplemer@and 18,
respectively, and are listed in Table 3-1 of the@80x ISA as 21 and 19, respectively. It
appears as though subject 1067, who experienc&8.8h% decrease in FEWas not included
in Table B-1 of the 1994 Supplement, which wasljikiie to a clerical error. Subject 1028
experienced a 19.76% decrease in FBNd was included in Table 3-1 of the 2008 SOx #SA
all values were rounded to the nearest whole numipeaddition, the analysis described in
Annex B of the 1994 Supplement was conducted usatg from the Linn et al., 1990 study only
in the case where asthmatics were on their nornedication regimen. However, in Table B-1
of the 1994 Supplement, data from the low medicatather than normal medication regimen
have been included, which accounts for the minfferdinces between Table 3-1 of the 2008
SOx ISA and Table B-1 of the 1994 Supplement fahls®kaw and FEMfollowing exposure to
0.6 ppm SQ.
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APPENDI X:

Tables of Individual Subject Data from Studies Presented in Table 3-1 of the
2008 Sulfur Oxides Integrated Science Assessment



Table 1: Individual subject data (FEMrom Linn et al., 1987 (0.2 ppm $0O

Subject
ID
297
608
724
726
778
877
879
885
893
979
585
1029
1028
1067
1094
1096
780
884
892
1008
1011
1031
1033
1047
1048
1051
1060
1061
1062
1042
611
1024
1045
1053
1056
1085
1086
1092
1098
1100

Asthma
Severity

Mild
Mild
Mild
Mild
Mild
Mild
Mild
Mild
Mild
Mild
Mild
Mild
Mild
Mild
Mild
Mild
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate

No SO, 0.2 ppm SO,
Pre- Post- Pre- Post-
exercise exercise Percent exercise exercise Percent
FEV, FEV, Change (A) FEV, FEV, Change (B) (B)-(A)
2.82 2.91 3.19 2.82 2.73 -3.19 -6.38
3.56 3.23 -9.27 3.44 2.91 -15.41 -6.14
2.66 2.54 -4.51 2.56 2.34 -8.59 -4.08
3.60 3.28 -8.89 3.47 3.10 -10.66 -1.77
3.86 3.58 -7.25 3.94 3.72 -5.58 1.67
2.64 2.69 1.89 2.56 2.52 -1.56 -3.46
3.44 3.34 -2.91 3.09 2.87 -7.12 -4.21
3.11 3.17 1.93 3.13 3.17 1.28 -0.65
4.41 4.43 0.45 4.39 4.45 1.37 0.91
2.96 3.04 2.70 2.88 2.90 0.69 -2.01
2.20 2.06 -6.36 2.18 2.02 -7.34 -0.98
1.78 2.11 18.54 2.06 2.11 2.43 -16.11
2.78 2.79 0.36 2.57 2.54 -1.17 -1.53
2.24 1.89 -15.63 1.99 1.59 -20.10 -4.48
2.12 2.14 0.94 2.11 2.22 5.21 4.27
3.21 3.33 3.74 3.29 3.22 -2.13 -5.87
2.95 2.85 -3.39 2.93 2.57 -12.29 -8.90
2.98 2.58 -13.42 2.87 1.99 -30.66 -17.24
2.87 2.48 -13.59 2.62 2.44 -6.87 6.72
2.49 2.06 -17.27 2.30 2.10 -8.70 8.57
4.47 4.17 -6.71 4.24 3.03 -28.54 -21.83
1.96 1.81 -7.65 2.31 2.05 -11.26 -3.60
2.02 1.74 -13.86 1.80 2.34 30.00 43.86
2.11 2.05 -2.84 1.67 1.95 16.77 19.61
2.54 2.57 1.18 1.93 2.10 8.81 7.63
2.18 2.07 -5.05 1.90 3.36 76.84 81.89
2.37 2.43 2.53 241 2.32 -3.73 -6.27
2.69 2.65 -1.49 2.40 2.32 -3.33 -1.85
2.37 2.04 -13.92 1.66 1.25 -24.70 -10.77
1.41 1.74 23.40 1.51 1.21 -19.87 -43.27
2.61 2.60 -0.38 2.56 2.45 -4.30 -3.91
2.92 2.85 -2.40 3.03 2.75 -9.24 -6.84
2.92 2.53 -13.36 3.24 3.10 -4.32 9.04
1.30 1.04 -20.00 1.62 1.29 -20.37 -0.37
1.65 1.12 -32.12 2.56 1.98 -22.66 9.46
3.07 2.86 -6.84 3.03 2.72 -10.23 -3.39
2.09 1.92 -8.13 1.71 1.94 13.45 21.58
2.05 1.31 -36.10 1.83 1.58 -13.66 22.44
2.79 2.62 -6.09 2.60 2.44 -6.15 -0.06
2.54 2.47 -2.76 2.11 1.67 -20.85 -18.10



Table 2: Individual subject data (sRaw) from Lirtrak, 1987 (0.2 ppm S

Subject

ID
297
608
724
726
778
877
879
885
893
979
585
1029
1028
1067
1094
1096
780
884
892
1008
1011
1031
1033
1047
1048
1051
1060
1061
1062
1042
611
1024
1045
1053
1056
1085
1086
1092
1098
1100

No SO, 0.2 ppm SO,
Pre: Post

Asthma  exercise exercise Percent Pre-exercise Post-exercise Percent
Severity sRaw sRaw Change (A) sRaw sRaw Change (B) (B) - (A)

Mild 5.01 4.93 -1.60 3.75 5.92 57.87 59.46

Mild 3.07 4.0¢ 33.22 4.4¢€ 8.2¢ 85.6¢ 52.4:

Mild 4.37 9.92 127.00 3.70 7.21 94.86 -32.14

Mild 5.61 8.42 50.09 5.47 7.56 38.21 -11.88

Mild 7.51 9.2t 23.17% 10.01 14.57 45.5¢ 22.3¢

Mild 5.04 5.05 0.20 7.04 7.08 0.57 0.37

Mild 2.74 4.37 59.49 4.47 11.44 155.93 96.44

Mild 8.91 7.0: -21.1C 6.0¢ 6.52 7.2z 28.32

Mild 3.4¢ 4.9¢ 44.1¢ 4.3¢ 4.4% 1.37 -42.8:

Mild 12.24 11.31 -7.60 11.48 11.22 -2.26 5.33

Mild 3.60 4,46 23.89 3.17 4.20 32.49 8.60

Mild 5.2¢ 7.4¢4 41.71 4.31 5.94 37.8: -3.9C

Mild 5.21 7.37 41.46 5.44 7.19 32.17 -9.29

Mild 5.64 11.30 100.35 4.82 9.96 106.64 6.28

Mild 4.41 5.8¢ 32.6¢ 4.91 5.2¢ 7.74 -24.91

Mild 3.96 5.04 27.27 4.45 5.21 17.08 -10.19
Moderate 7.55 15.24 101.85 7.44 18.73 151.75 49.89
Moderate 8.0z 6.4(C -20.2( 6.92 16.9( 144.2: 164.4:
Moderate  3.5¢€ 5.9¢ 67.4: 7.71 7.47 -3.11 -70.5:
Moderate 6.56 5.77 -12.04 3.89 3.56 -8.48 3.56
Moderate 4.35 8.68 99.54 6.39 19.47 204.69 105.15
Moderate 4.08 8.35 104.6¢ 3.64 4,91 34.8¢ -69.77
Moderate 4.36 14.34 228.90 12.09 10.71 -11.41 -240.31
Moderate 6.78 9.04 33.33 6.85 8.28 20.88 -12.46
Moderate 10.25 7.98 -22.1¢ 1.9¢ 2.1C 8.81 30.9¢
Moderate 10.59 76.33 620.77 19.65 27.79 41.42 -579.35
Moderate 2.64 3.77 42.80 1.12 2.16 92.86 50.05
Moderate 8.10 1091  34.6¢ 7.04 11.0¢ 56.2¢ 21.5¢
Moderate 5.41 3.26 -39.7¢ 7.0z 8.9C 26.7¢ 66.52
Moderate 10.96 8.94 -18.43 14.31 17.25 20.55 38.98
Moderate 8.22 10.87 32.24 9.86 10.83 9.84 -22.40
Moderate 4.84 6.57 35.7¢ 3.7z 7.51 101.8¢ 66.1¢
Moderate 12.20 54.90 350.00 8.57 3.10 -63.83 -413.83
Moderate 15.35 15.74 2.54 11.45 15.17 32.49 29.95
Moderate 8.89 21.66 143.6¢ 6.07 8.0C 31.8( -111.8¢
Moderate 7.76 15.10 94.59 7.37 12.71 72.46 -22.13
Moderate 5.46 7.69 40.84 5.23 6.92 32.31 -8.53
Moderate 11.07 16.81 51.8¢ 11.0¢ 12.4¢ 12.27 -39.5¢
Moderate 5.49 5.67 3.2¢ 4.65 7.2¢ 56.71 53.5(
Moderate 7.17 8.17 13.95 9.34 15.26 63.38 49.44



Table 3: Individual subject data (FEMrom Linn et al., 1987 (0.4 ppm $O

Subject

ID
297
608
724
726
778
877
879
885
893
979
585
1029
1028
1067
1094
1096
780
884
892
1008
1011
1031
1033
1047
1048
1051
1060
1061
1062
1042
611
1024
1045
1053
1056
1085
1086
1092
1098
1100

Asthma
Severity
Mild
Mild
Mild
Mild
Mild
Mild
Mild
Mild
Mild
Mild
Mild
Mild
Mild
Mild
Mild
Mild
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate

No SO, 0.4 ppm SO,
Pre- Post- Pre- Post-
exercise exercise Percent exercise exercise Percent
FEV, FEV, Change (A) FEV, FEV, Change (B) (B)-(A)
2.82 2.91 3.19 2.88 2.71 -5.90 -9.09
3.56 3.23 -9.27 3.45 2.35 -31.88 -22.61
2.66 2.54 -4.51 2.67 2.09 -21.72 -17.21
3.60 3.28 -8.89 3.47 3.33 -4.03 4.85
3.86 3.58 -7.25 3.92 3.11 -20.66 -13.41
2.64 2.69 1.89 2.64 2.26 -14.39 -16.29
3.44 3.34 -2.91 3.42 2.89 -15.50 -12.59
3.11 3.17 1.93 3.19 2.50 -21.63 -23.56
4.41 4.43 0.45 4.55 4.43 -2.64 -3.09
2.96 3.04 2.70 3.06 3.17 3.59 0.89
2.20 2.06 -6.36 2.22 1.98 -10.81 -4.45
1.78 2.11 18.54 1.76 1.45 -17.61 -36.15
2.78 2.79 0.36 2.62 2.06 -21.37 -21.73
2.24 1.89 -15.63 2.05 1.50 -26.83 -11.20
2.12 2.14 0.94 2.21 2.12 -4.07 -5.02
3.21 3.33 3.74 3.28 3.34 1.83 -1.91
2.95 2.85 -3.39 3.23 2.47 -23.53 -20.14
2.98 2.58 -13.42 2.93 1.18 -59.73 -46.30
2.87 2.48 -13.59 2.78 1.35 -51.44 -37.85
2.49 2.06 -17.27 2.43 2.03 -16.46 0.81
4.47 4.17 -6.71 4.13 2.23 -46.00 -39.29
1.96 1.81 -7.65 2.00 2.22 11.00 18.65
2.02 1.74 -13.86 2.14 1.69 -21.03 -7.17
2.11 2.05 -2.84 1.69 1.79 5.92 8.76
2.54 2.57 1.18 3.04 2.93 -3.62 -4.80
2.18 2.07 -5.05 1.88 1.80 -4.26 0.79
2.37 2.43 2.53 2.22 2.21 -0.45 -2.98
2.69 2.65 -1.49 2.66 2.72 2.26 3.74
2.37 2.04 -13.92 2.12 1.85 -12.74 1.19
1.41 1.74 23.40 1.81 1.45 -19.89 -43.29
2.61 2.60 -0.38 2.59 2.38 -8.11 -71.72
2.92 2.85 -2.40 3.09 2.74 -11.33 -8.93
2.92 2.53 -13.36 2.96 2.09 -29.39 -16.04
1.30 1.04 -20.00 1.32 1.20 -9.09 10.91
1.65 1.12 -32.12 2.25 1.65 -26.67 5.45
3.07 2.86 -6.84 3.04 2.55 -16.12 -9.28
2.09 1.92 -8.13 2.09 1.76 -15.79 -7.66
2.05 1.31 -36.10 1.98 1.61 -18.69 17.41
2.79 2.62 -6.09 2.33 1.93 -17.17 -11.07
2.54 2.47 -2.76 2.04 2.07 1.47 4.23



Table 4: Individual subject data (sRaw) from Lirtrak, 1987 (0.4 ppm S

Subject

ID
297
608
724
726
778
877
879
885
893
979
585
1029
1028
1067
1094
1096
780
884
892
1008
1011
1031
1033
1047
1048
1051
1060
1061
1062
1042
611
1024
1045
1053
1056
1085
1086
1092
1098
1100

No SO, 0.4 ppm SO,
Pre: Post

Asthma  exercise exercise Percent Pre-exercise Post-exercise Percent
Severity sRaw sRaw Change (A) sRaw sRaw Change (B) (B) - (A)

Mild 5.01 4.93 -1.60 5.35 9.72 81.68 83.28

Mild 3.07 4.0¢ 33.22 5.37 13.7¢ 156.6: 123.3¢

Mild 4.37 9.92 127.00 6.78 10.96 61.65 -65.35

Mild 5.61 8.42 50.09 5.72 11.43 99.83 49.74

Mild 7.51 9.2t 23.17% 6.1¢€ 13.4¢ 118.9¢ 95.82

Mild 5.04 5.05 0.20 4.09 8.35 104.16 103.96

Mild 2.74 4.37 59.49 3.57 11.39 219.05 159.56

Mild 8.91 7.0: -21.1C 5.84 17.5¢ 200.5: 221.6:

Mild 3.4¢ 4.9¢ 44.1¢ 3.87 5.1¢ 34.11 -10.0¢

Mild 12.24 11.31 -7.60 7.46 8.95 19.97 27.57

Mild 3.60 4,46 23.89 4.32 5.89 36.34 12.45

Mild 5.2¢ 7.4¢4 41.71 6.4¢€ 13.1¢ 103.2¢ 61.5¢

Mild 5.21 7.37 41.46 5.75 2.31 -59.83 -101.28

Mild 5.64 11.30 100.35 7.04 15.28 117.05 16.69

Mild 4.41 5.8¢ 32.6¢ 4.3z 4.9¢ 14.81 -17.8¢

Mild 3.96 5.04 27.27 3.69 4.96 34.42 7.14
Moderate 7.55 15.24 101.85 5.71 20.57 260.25 158.39
Moderate 8.0z 6.4(C -20.2( 8.37 49.8:2 495.2: 515.4:
Moderate  3.5¢€ 5.9¢ 67.4: 6.4: 20.4( 217.2¢ 149.8¢
Moderate 6.56 5.77 -12.04 4.99 8.54 71.14 83.18
Moderate 4.35 8.68 99.54 5.74 25.44 343.21 243.67
Moderate 4.08 8.35 104.6¢ 5.0z 9.4¢ 88.8¢ -15.81
Moderate 4.36 14.34 228.90 8.90 17.82 100.22 -128.67
Moderate 6.78 9.04 33.33 5.54 7.22 30.32 -3.01
Moderate 10.25 7.98 -22.1¢ 5.1¢€ 6.01 16.47 38.62
Moderate 10.59 76.33 620.77 17.93 28.95 61.46 -559.31
Moderate 2.64 3.77 42.80 4.29 4.58 6.76 -36.04
Moderate 8.10 1091  34.6¢ 5.37 7.97 48.4: 13.7¢
Moderate 5.41 3.26 -39.7¢ 4.3¢ 7.3¢€ 68.4¢ 108.2:¢
Moderate 10.96 8.94 -18.43 10.18 16.76 64.64 83.07
Moderate 8.22 10.87 32.24 7.85 9.29 18.34 -13.89
Moderate 4.84 6.57 35.7¢ 4.9¢ 8.4: 69.9¢ 34.22
Moderate 12.20 54.90 350.00 10.79 46.26 328.73 -21.27
Moderate 15.35 15.74 2.54 14.45 17.25 19.38 16.84
Moderate 8.89 21.66 143.6¢ 6.8¢ 9.41 37.1% -106.47
Moderate 7.76 15.10 94.59 7.84 15.29 95.03 0.44
Moderate 5.46 7.69 40.84 5.67 7.77 37.04 -3.81
Moderate 11.07 16.81 51.8¢ 12.21 14.71 20.4¢ -31.3¢
Moderate 5.49 5.67 3.2¢ 5.7C 9.4z 65.2¢ 61.9¢
Moderate 7.17 8.17 13.95 10.25 11.39 11.12 -2.83



Table 5: Individual subject data (FEMrom Linn et al., 1987 (0.6 ppm $0O

Subject

ID
297
608
724
726
778
877
879
885
893
979
585
1029
1028
1067
1094
1096
780
884
892
1008
1011
1031
1033
1047
1048
1051
1060
1061
1062
1042
611
1024
1045
1053
1056
1085
1086
1092
1098
1100

Asthma
Severity

Mild
Mild
Mild
Mild
Mild
Mild
Mild
Mild
Mild
Mild
Mild
Mild
Mild
Mild
Mild
Mild
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate

No SO, 0.6 ppm SO,
Pre- Post- Pre- Post-
exercise exercise Percent exercise exercise Percent
FEV, FEV, Change (A) FEV, FEV, Change (B) (B)-(A)
2.82 2.91 3.19 2.76 2.20 -20.29 -23.48
3.56 3.23 -9.27 3.54 2.48 -29.94 -20.67
2.66 2.54 -4.51 2.60 1.83 -29.62 -25.10
3.60 3.28 -8.89 3.85 2.44 -36.62 -27.73
3.86 3.58 -7.25 3.65 2.55 -30.14 -22.88
2.64 2.69 1.89 2.69 1.97 -26.77 -28.66
3.44 3.34 -2.91 3.23 2.55 -21.05 -18.15
3.11 3.17 1.93 3.25 2.64 -18.77 -20.70
4.41 4.43 0.45 4.47 4.28 -4.25 -4.70
2.96 3.04 2.70 3.03 2.95 -2.64 -5.34
2.20 2.06 -6.36 2.18 1.90 -12.84 -6.48
1.78 2.11 18.54 2.06 1.84 -10.68 -29.22
2.78 2.79 0.36 2.68 2.16 -19.40 -19.76
2.24 1.89 -15.63 2.12 1.39 -34.43 -18.81
2.12 2.14 0.94 2.16 2.14 -0.93 -1.87
3.21 3.33 3.74 3.23 3.29 1.86 -1.88
2.95 2.85 -3.39 3.20 2.23 -30.31 -26.92
2.98 2.58 -13.42 2.67 1.35 -49.44 -36.02
2.87 2.48 -13.59 2.63 1.14 -56.65 -43.07
2.49 2.06 -17.27 2.36 1.05 -55.51 -38.24
4.47 4.17 -6.71 4.06 2.25 -44.58 -37.87
1.96 1.81 -7.65 2.36 2.26 -4.24 3.42
2.02 1.74 -13.86 1.80 1.68 -6.67 7.19
2.11 2.05 -2.84 1.98 1.85 -6.57 -3.72
2.54 2.57 1.18 2.89 2.88 -0.35 -1.53
2.18 2.07 -5.05 2.25 2.20 -2.22 2.82
2.37 2.43 2.53 2.42 2.45 1.24 -1.29
2.69 2.65 -1.49 2.48 2.35 -5.24 -3.75
2.37 2.04 -13.92 1.72 1.06 -38.37 -24.45
1.41 1.74 23.40 1.56 1.82 16.67 -6.74
2.61 2.60 -0.38 2.60 2.52 -3.08 -2.69
2.92 2.85 -2.40 2.99 2.00 -33.11 -30.71
2.92 2.53 -13.36 2.71 1.20 -55.72 -42.36
1.30 1.04 -20.00 1.42 1.12 -21.13 -1.13
1.65 1.12 -32.12 2.39 1.37 -42.68 -10.56
3.07 2.86 -6.84 3.05 1.57 -48.52 -41.68
2.09 1.92 -8.13 2.12 1.65 -22.17 -14.04
2.05 1.31 -36.10 2.06 1.17 -43.20 -7.11
2.79 2.62 -6.09 2.38 2.21 -7.14 -1.05
2.54 2.47 -2.76 2.24 1.18 -47.32 -44.57



Table 6: Individual subject data (sRaw) from Lirtrak, 1987 (0.6 ppm S

Subject

ID
297
608
724
726
778
877
879
885
893
979
585
1029
1028
1067
1094
1096
780
884
892
1008
1011
1031
1033
1047
1048
1051
1060
1061
1062
1042
611
1024
1045
1053
1056
1085
1086
1092
1098
1100

No SO, 0.6 ppm SO,
Pre: Post

Asthma  exercise exercise Percent Pre-exercise Post-exercise Percent
Severity sRaw sRaw Change (A) sRaw sRaw Change (B) (B) - (A)

Mild 5.01 4.93 -1.60 5.58 16.05 187.63 189.23

Mild 3.07 4.0¢ 33.22 4.01 15.2¢ 279.8( 246.5¢

Mild 4.37 9.92 127.00 6.24 16.11 158.17 31.17

Mild 5.61 8.42 50.09 4.65 19.54 320.22 270.13

Mild 7.51 9.2t 23.17% 7.84 22.1¢ 182.9: 159.7:

Mild 5.04 5.05 0.20 3.52 18.52 426.14 425.94

Mild 2.74 4.37 59.49 2.09 28.92 1283.73 1224.24

Mild 8.91 7.0: -21.1C 6.0¢ 5.9¢ -2.47 18.6¢

Mild 3.4¢ 4.9¢ 44.1¢ 4.2¢ 4.97 16.1:2 -28.0¢

Mild 12.24 11.31 -7.60 8.76 16.60 89.50 97.10

Mild 3.60 4,46 23.89 4.10 6.31 53.90 30.01

Mild 5.2¢ 7.4¢4 41.71 7.5 16.67 120.7¢ 79.0¢

Mild 5.21 7.37 41.46 6.45 9.30 44.19 2.73

Mild 5.64 11.30 100.35 6.51 12.21 87.56 -12.80

Mild 4.41 5.8¢ 32.6¢ 5.14 5.01 -2.5¢ -35.1¢

Mild 3.96 5.04 27.27 4.42 6.32 42.99 15.71
Moderate 7.55 15.24 101.85 5.92 40.05 576.52 474.67
Moderate 8.0z 6.4(C -20.2( 7.6€ 37.31 385.8: 406.0:
Moderate  3.5¢€ 5.9¢ 67.4: 8.67 27.2¢ 214.07 146.6¢
Moderate 6.56 5.77 -12.04 4.50 34.02 656.00 668.04
Moderate 4.35 8.68 99.54 6.73 28.73 326.89 227.35
Moderate 4.08 8.35 104.6¢ 4.6¢ 7.2¢ 55.1: -49.5:
Moderate 4.36 14.34 228.90 12.22 19.16 56.79 -172.11
Moderate 6.78 9.04 33.33 7.44 11.80 58.60 25.27
Moderate 10.25 7.98 -22.1¢ 5.6( 5.81 3.7¢ 25.9(
Moderate 10.59 76.33 620.77 11.25 17.67 57.07 -563.71
Moderate 2.64 3.77 42.80 2.35 1.97 -16.17 -58.97
Moderate 8.10 1091  34.6¢ 6.41 10.97 71.1¢ 36.4F
Moderate 5.41 3.26 -39.7¢ 9.8¢ 121.3: 1130.4: 1170.1°
Moderate 10.96 8.94 -18.43 16.48 11.40 -30.83 -12.39
Moderate 8.22 10.87 32.24 7.52 9.14 21.54 -10.70
Moderate 4.84 6.57 35.7¢ 6.1¢ 13.9¢ 125.9° 90.2:
Moderate 12.20 54.90 350.00 13.54 133.26 884.19 534.19
Moderate 15.35 15.74 2.54 13.96 18.16 30.09 27.55
Moderate 8.89 21.66 143.6¢ 7.4¢€ 16.8:2 124.8° -18.7¢
Moderate 7.76 15.10 94.59 6.62 16.01 141.84 47.26
Moderate 5.46 7.69 40.84 5.09 9.53 87.23 46.39
Moderate 11.07 16.81 51.8¢ 8.61 15.5¢ 81.07% 29.22
Moderate 5.49 5.67 3.2¢ 6.4¢€ 7.74 19.81 16.5¢
Moderate 7.17 8.17 13.95 9.10 31.59 247.14 233.20



Table 7: Individual subject data (FEMrom Linn et al., 1988 (0.3 ppm $O

No SO, 0.3 ppm SO,
Pre- Post- Pre- Post-
Subject exercise exercise Percent exercise exercise Percent
ID FEV, FEV, Change (A) FEV, FEV, Change(B) (B)-(A)
297 2.62 2.80 6.87 2.69 2.36 -12.27 -19.14
584 3.29 3.15 -4.26 3.08 3.04 -1.30 2.96
608 2.75 2.57 -6.55 3.04 2.96 -2.63 3.91
611 2.29 2.06 -10.04 2.28 2.26 -0.88 9.17
724 2.41 2.44 1.24 2.48 2.25 -9.27 -10.52
726 3.26 3.27 0.31 3.30 3.16 -4.24 -4.55
778 4.13 3.98 -3.63 3.54 3.55 0.28 3.91
877 2.54 2.73 7.48 2.66 2.71 1.88 -5.60
892 1.55 1.41 -9.03 2.47 2.17 -12.15 -3.11
1024 3.04 2.80 -7.89 2.98 2.21 -25.84 -17.94
1028 2.51 2.65 5.58 2.51 2.60 3.59 -1.99
1045 2.08 1.69 -18.75 2.02 1.42 -29.70 -10.95
1096 3.17 3.16 -0.32 3.07 3.03 -1.30 -0.99
1153 2.87 2.88 0.35 2.96 3.16 6.76 6.41
1154 2.76 2.82 2.17 2.74 2.71 -1.09 -3.27
1156 2.45 2.07 -15.51 2.62 2.28 -12.98 2.53
1160 2.86 2.73 -4.55 2.93 2.91 -0.68 3.86
1162 4.07 3.86 -5.16 4.27 3.95 -7.49 -2.33
1163 1.65 1.54 -6.67 1.50 1.16 -22.67 -16.00
1200 2.24 2.37 5.80 2.19 2.35 7.31 1.50

11



Table 8: Individual subject data (sRaw) from Lirtrak, 1988 (0.3 ppm S

Subject

ID
297
584
608
611
724
726
778
877
892
1024
1028
1045
1096
1153
1154
1156
1160
1162
1163
1200

No SO, 0.3 ppm SO,
Pre Post Pre Post
exercise exercise Percent exercise exercise Percent
sRaw sRaw Change (A) sRaw sRaw Change (B) (B)-(A)
4,496 5.181 15.24 3.762 9.522 153.11 137.87
4.106 7.410 80.47 4.031 7.679 90.50 10.03
13.682 14.766 7.92 8.459 11.414 34.93 27.01
7.153 16.192 126.37 8.303 13.272 59.85 -66.52
4,843 6.075 25.44 9.399 7.590 -19.25 -44.69
10.755 11.006 2.33 9.210 9.756 5.93 3.59
5.923 10.401 75.60 9.273 15.378 65.84 -9.77
4,210 5.987 42.21 4.869 6.992 43.60 1.39
6.77i 8.78¢ 29.61 9.24¢ 10.88: 17.71 -11.9¢
4.93( 8.36¢ 69.7( 9.52¢ 12.50: 31.2¢ -38.41
5.622 6.746 19.99 5.494 8.512 54.93 34.94
44.622 114.325 156.21 62.484 183.421 193.55 37.34
3.760 4.654 23.78 3.812 5.938 55.77 31.99
6.323 9.400 48.66 5.090 5.684 11.67 -36.99
12.145 12.848 5.79 10.220 14.892 4571 39.93
6.940 18.557 167.39 3.958 25.644 547.90 380.51
8.043 13.379 66.34 9.178 10.464 14.01 -52.33
6.863 7.916 15.34 4.277 6.699 56.63 41.29
6.464 13.848 114.23 11.070 23.076 108.46 -5.78
2.001 3.302 65.02 2.168 3.129 44.33 -20.69
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Table 9: Individual subject data (FEMrom Linn et al., 1988 (0.6 ppm $O

No SO, 0.6 ppm SO,
Pre- Post- Pre- Post-
Subject exercise exercise Percent exercise exercise Percent
ID FEV, FEV, Change (A) FEV, FEV, Change(B) (B)-(A)
297 2.62 2.80 6.87 2.62 2.04 -22.14 -29.01
584 3.29 3.15 -4.26 3.27 3.27 0.00 4.26
608 2.75 2.57 -6.55 3.24 2.90 -10.49 -3.95
611 2.29 2.06 -10.04 2.30 1.88 -18.26 -8.22
724 2.41 2.44 1.24 2.55 1.87 -26.67 -27.91
726 3.26 3.27 0.31 3.64 2.84 -21.98 -22.28
778 4.13 3.98 -3.63 431 3.11 -27.84 -24.21
877 2.54 2.73 7.48 2.70 2.72 0.74 -6.74
892 1.55 1.41 -9.03 1.29 0.84 -34.88 -25.85
1024 3.04 2.80 -7.89 3.19 1.80 -43.57 -35.68
1028 251 2.65 5.58 2.57 2.57 0.00 -5.58
1045 2.08 1.69 -18.75 2.31 1.38 -40.26 -21.51
1096 3.17 3.16 -0.32 3.01 2.86 -4.98 -4.67
1153 2.87 2.88 0.35 2.87 2.86 -0.35 -0.70
1154 2.76 2.82 2.17 2.57 2.37 -7.78 -9.96
1156 2.45 2.07 -15.51 2.64 1.53 -42.05 -26.54
1160 2.86 2.73 -4.55 3.05 2.87 -5.90 -1.36
1162 4.07 3.86 -5.16 4,16 2.94 -29.33 -24.17
1163 1.65 1.54 -6.67 1.36 0.87 -36.03 -29.36
1200 2.24 2.37 5.80 2.18 1.69 -22.48 -28.28
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Table 10: Individual subject data (sRaw) from Latral., 1988 (0.6 ppm SD

No SO, 0.6 ppm SO,
Pre: Post Pre: Post
Subject exercise exercise Percent exercise exercise Percent

ID sRaw sRaw Change (A) sRaw sRaw Change (B) (B)-(A)
297 4.496 5.181 15.24 3.634 12.793 252.04 236.80
584 4.106 7.410 80.47 4.481 9.916 121.29 40.82
608 13.682 14.766 7.92 7.765 16.080 107.08 99.16
611 7.153 16.192 126.37 8.881 17.621 98.41 -27.95
724 4.843 6.075 25.44 3.933 13.526 243.91 218.47
726 10.755 11.006 2.33 5.278 15.073 185.58 183.25
778 5.923 10.401 75.60 7.051 23.231 229.47 153.87
877 4.210 5.987 42.21 4.706 9.400 99.75 57.54
89z 6.771 8.78¢ 29.61 4.65¢ 17.18: 269.2: 239.5¢
102¢ 4.93( 8.36¢ 69.7( 6.40¢ 40.45: 531.2¢ 461.5¢
1028 5.622 6.746 19.99 6.068 8.465 39.50 19.51
1045 44.622 114.325 156.21 44.246 139.503 215.29 59.08
1096 3.760 4.654 23.78 3.981 11.281 183.37 159.59
1153 6.323 9.400 48.66 5.843 7.222 23.60 -25.06
1154 12.145 12.848 5.79 8.956 19.168 114.02 108.24
1156 6.940 18.557 167.39 3.327 50.712 1424.26 1256.86
1160 8.043 13.379 66.34 5.245 8.502 62.10 -4.25
1162 6.863 7.916 15.34 3.300 10.578 220.55 205.20
1163 6.464 13.848 114.23 8.113 26.669 228.72 114.49
1200 2.001 3.302 65.02 1.933 7.725 299.64 234.62
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Table 11: Individual subject data (FEMrom Linn et al., 1990 (0.3 ppm SO

No SO, 0.3 ppm SO,
Pre- Post- Pre- Post-
Subject exercise exercise Percent exercise exercise Percent
ID FEV, FEV, Change (A) FEV, FEV, Change (B) (B)-(A)

1039 1.68 1.34 -20.24 1.21 0.83 -31.40 -11.17
1042 1.46 1.18 -19.18 1.60 1.56 -2.50 16.68
1048 3.43 3.21 -6.41 3.28 3.07 -6.40 0.01
1092 1.73 1.58 -8.67 1.79 1.65 -7.82 0.85
1112 2.63 2.28 -13.31 2.68 2.54 -5.22 8.08
1124 2.00 1.04 -48.00 2.05 1.08 -47.32 0.68
1128 2.58 2.50 -3.10 2.78 1.83 -34.17 -31.07
1133 1.61 1.42 -11.80 1.90 1.63 -14.21 -2.41
1212 2.30 1.43 -37.83 2.79 2.14 -23.30 14.53
113¢ 2.0¢ 1.8¢ -12.4¢ 2.9¢ 2.6€ -9.22 3.2¢
1195 2.76 2.45 -11.23 2.47 1.96 -20.65 -9.42
1197 1.70 1.62 -4.71 2.02 1.81 -10.40 -5.69
1199 1.45 1.38 -4.83 2.17 1.81 -16.59 -11.76
1201 3.86 3.70 -4.15 3.95 3.90 -1.27 2.88
1202 1.34 1.14 -14.93 1.91 1.59 -16.75 -1.83
1203 2.03 1.73 -14.78 2.11 1.78 -15.64 -0.86
1204 3.35 3.18 -5.07 3.64 3.59 -1.37 3.70
1205 2.09 2.07 -0.96 2.12 1.78 -16.04 -15.08
1206 3.02 2.76 -8.61 2.32 1.68 -27.59 -18.98
1207 2.07 2.08 0.48 1.65 1.09 -33.94 -34.42
1210 1.93 1.91 -1.04 1.67 1.29 -22.75 -21.72
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Table 12: Individual subject data (sRaw) from Latral., 1990 (0.3 ppm SD

No SO, 0.3 ppm SO,
Pre: Post Pre: Post
Subject exercise exercise Percent exercise exercise Percent
ID sRaw sRaw Change (A) sRaw sRaw Change (B) (B)-(A)

1039 6.37 10.78 69.23 14.88 24.67 65.79 -3.44
1042 17.17 26.04 51.66 11.21 10.01 -10.70 -62.36
1048 3.52 6.46 83.52 8.05 10.27 27.58 -55.95
1092 14.22 25.30 77.92 14.10 18.61 31.99 -45.93
1112 8.26 16.66 101.69 6.19 10.74 73,51 -28.19
1124 9.84 26.52 169.51 4.12 23.26 464.56 295.05
1128 2.61 4.11 57.47 3.38 9.37 177.22 119.75
1133 12.84 11.88 -7.48 8.10 21.66 167.41 174.88
1212 12.95 24.23 87.10 6.45 17.05 164.34 77.24
1139 13.56 18.16 33.92 6.69 9.33 39.46 5.54
1195 4.01 9.32 132.42 9.19 19.94 116.97 -15.44
1197 7.84 12.54 59.95 7.50 10.33 37.73 -22.22
1199 14.29 18.80 31.56 4.84 7.48 54.55 22.98
1201 2.09 2.92 39.71 3.31 4.36 31.72 -7.99
1202 9.85 10.19 3.45 6.71 14.17 111.18 107.73
1203 10.03 14.84 47.96 3.14 6.14 95.54 47.59
1204 9.34 15.05 61.13 8.15 12.89 58.16 -2.98
1205 6.07 9.39 54.70 8.17 9.74 19.22 -35.48
1206 4.76 5.33 11.97 8.97 30.14 236.01 224.03
1207 8.20 10.03 22.32 11.56 27.54 138.24 115.92
1210 10.71 15.67 46.31 10.50 2951 181.05 134.74
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Table 13: Individual subject data (FEMrom Linn et al., 1990 (0.6 ppm SO

No SO, 0.6 ppm SO,
Pre- Post- Pre- Post-
Subject exercise exercise Percent exercise exercise Percent
ID FEV, FEV, Change (A) FEV, FEV, Change (B) (B)-(A)

1039 1.68 1.34 -20.24 1.43 1.08 -24.48 -4.24
1042 1.46 1.18 -19.18 1.59 1.18 -25.79 -6.61
1048 3.43 3.21 -6.41 2.92 1.61 -44.86 -38.45
1092 1.73 1.58 -8.67 1.26 1.13 -10.32 -1.65
1112 2.63 2.28 -13.31 2.36 2.04 -13.56 -0.25
1124 2.00 1.04 -48.00 2.07 0.63 -69.57 -21.57
1128 2.58 2.50 -3.10 2.95 2.48 -15.93 -12.83
1133 1.61 1.42 -11.80 1.80 0.86 -52.22 -40.42
1212 2.30 1.43 -37.83 241 0.84 -65.15 -27.32
113¢ 2.0¢ 1.8¢ -12.4¢ 2.2€ 2.0z -10.62 1.8z
1195 2.76 2.45 -11.23 2.78 2.23 -19.78 -8.55
1197 1.70 1.62 -4.71 1.09 1.23 12.84 17.55
1199 1.45 1.38 -4.83 2.18 1.88 -13.76 -8.93
1201 3.86 3.70 -4.15 3.91 2.73 -30.18 -26.03
1202 1.34 1.14 -14.93 1.39 1.04 -25.18 -10.25
1203 2.03 1.73 -14.78 2.07 1.67 -19.32 -4.55
1204 3.35 3.18 -5.07 2.98 2.25 -24.50 -19.42
1205 2.09 2.07 -0.96 1.76 1.47 -16.48 -15.52
1206 3.02 2.76 -8.61 2.49 1.75 -29.72 -21.11
1207 2.07 2.08 0.48 1.53 1.41 -7.84 -8.33
1210 1.93 1.91 -1.04 1.80 1.22 -32.22 -31.19
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Table 14: Individual subject data (sRaw) from Latral., 1990 (0.6 ppm SD

No SO, 0.6 ppm SO,
Pre: Post Pre: Post
Subject exercise exercise Percent exercise exercise Percent
ID sRaw sRaw Change (A) sRaw sRaw Change (B) (B)-(A)
1039 6.37 10.78 69.23 9.49 18.93 99.47 30.24
1042 17.17 26.04 51.66 12.80 38.78 202.97 151.31
1048 3.52 6.46 83.52 8.25 28.44 244,73 161.20
1092 14.22 25.30 77.92 20.01 23.02 15.04 -62.88
1112 8.26 16.66 101.69 11.29 19.67 74.22 -27.47
1124 9.84 26.52 169.51 5.15 48.71 845.83 676.31
1128 2.61 4.11 57.47 1.78 4.24 138.20 80.73
1133 12.84 11.88 -7.48 10.73 66.79 522.46 529.94
1212 12.95 24.23 87.10 8.16 45.56 458.33 371.23
1139 13.56 18.16 33.92 19.90 20.26 1.81 -32.11
1195 4.01 9.32 132.42 9.62 23.82 147.61 15.19
1197 7.84 12.54 59.95 5.17 22.90 342.94 282.99
1199 14.29 18.80 31.56 5.38 13.95 159.29 127.73
1201 2.09 2.92 39.71 3.24 10.90 236.42 196.71
1202 9.85 10.19 3.45 9.88 27.73 180.67 177.22
1203 10.03 14.84 47.96 17.32 20.38 17.67 -30.29
1204 9.34 15.05 61.13 11.44 34.33 200.09 138.95
1205 6.07 9.39 54.70 6.53 24.84 280.40 225.70
1206 4.76 5.33 11.97 11.71 41.72 256.28 244.30
1207 8.20 10.03 22.32 13.87 17.22 24.15 1.84
1210 10.71 15.67 46.31 9.86 28.69 190.97 144.66
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Table 15: Individual subject data (sRaw) from Bé#teal., 1985 (0.25 ppm SP

No SO, 0.25 ppm SO,
Pre: Post Pre: Post
Subject exercise exercise Percent exercise exercise Percent
ID sRaw sRaw Change (A) sRaw sRaw Change (B) (B)-(A)
1 4.89 6.26 28.02 3.99 10.32 158.65 130.63
2 6.66 10.95 64.41 5.33 13.52 153.66 89.24
3 6.57 7.15 8.83 3.06 9.65 215.36 206.53
4 3.62 5.48 51.38 4.51 591 31.04 -20.34
5 8.23 22.91 178.37 8.35 28.23 238.08 59.71
6 5.90 6.39 8.31 6.38 19.82 210.66 202.35
7 9.90 10.83 9.39 9.77 19.70 101.64 92.24
8 3.0¢ 3.94 27.92 3.1z 4.1¢ 33.5¢ 5.62
9 6.3 7.4: 17.01 4.7C 7.0Z 49.3¢ 32.3¢
10 6.71 16.21 141.58 5.36 7.53 40.49 -101.09
11 8.92 9.74 9.19 8.20 8.92 8.78 -0.41
12 5.87 9.51 62.01 5.46 14.33 162.45 100.44
13 8.19 20.76 153.48 8.81 22.30 153.12 -0.36
14 10.63 41.67 292.00 5.68 21.93 286.09 -5.91
15 4.67 5.95 27.41 3.71 6.12 64.96 37.55
16 4.41 6.05 37.19 6.46 8.76 35.60 -1.58
17 6.66 10.55 58.41 4.42 13.67 209.28 150.87
18 5.87 7.43 26.58 4.52 5.14 13.72 -12.86
19 4.16 5.82 39.90 6.43 26.32 309.33 269.43
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Table 16: Individual subject data (sRaw) from Bé#tel., 1985 (0.25 ppm SPat higher
ventilation (vigorous exercise).

No SO, 0.25 ppm SO,
Pre: Post Pre: Post
Subject exercise exercise Percent exercise exercise Percent

ID sRaw sRaw Change (A) sRaw sRaw Change (B) (B)-(A)

3 6.03 8.13 34.83 5.52 8.73 58.15 23.33
7 6.77 12.61 86.26 7.73 23.54 204.53 118.26
10 7.88 17.12 117.26 3.75 6.45 72.00 -45.26
11 11.64 20.25 73.97 6.47 16.18 150.08 76.11
12 5.90 14.67 148.64 4.95 17.25 248.48 99.84
15 3.73 8.05 115.82 5.16 9.85 90.89 -24.93
16 6.27 8.59 37.00 5.01 9.26 84.83 47.83
18 4.70 4.25 -9.57 4.21 4.78 13.54 23.11
19 7.44 28.63 284.81 4.26 16.83 295.07 10.26
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Table 17: Individual subject data (sRaw) from Bé#teal., 1983 (0.5 ppm SP

No SO, 0.5 ppm SO,
Pre: Post Pre: Post
Subject exercise exercise Percent exercise exercise Percent

ID sRaw sRaw Change (A) sRaw sRaw Change (B) (B)-(A)

1 4.64 6.78 46.12 4.37 37.39 755.61 709.49
2 6.03 8.20 35.99 4.94 21.22 329.55 293.57
3 6.8¢ 8.7¢ 27.5¢ 4.94 15.2¢ 208.5( 180.9:

4 4.12 5.65 37.14 5.21 10.45 100.58 63.44
5 8.49 16.64 96.00 12.24 28.82 135.46 39.46
6 5.25 5.55 5.71 5.14 26.62 417.90 412.18
7 6.21 8.53 37.36 5.02 9.64 92.03 54.67
8 2.79 3.03 8.60 5.02 10.10 101.20 92.59
9 4.62 4.79 3.68 3.96 9.95 151.26 147.58
10 8.80 12.31 39.89 6.13 23.06 276.18 236.30
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Table 18: Individual subject data (sRaw) from Maggen et al., 1990 (0.5 ppm §O

No SO, 0.5 ppm SO,
Pre: Post Pre: Post
Subject exercise exercise Percent exercise exercise Percent
ID sRaw sRaw Change (A) sRaw sRaw Change (B) (B)-(A)
1 4.5 6.8 51.1 5.2 8.8 69.2 18.1
2 6.5 9.7 49.2 6.2 9.7 56.5 7.2
3 4.6 8.2 78.3 55 7.4 345 -43.7
4 5.1 6.5 275 5.6 14.3 155.4 127.9
5 4.6 5.6 21.7 5.4 7.1 315 9.7
6 5.8 8.5 46.6 5.3 51.6 873.6 827.0
7 11.2 16.1 43.8 13.9 19.5 40.3 -3.5
8 10.3 19.9 93.2 11.2 19.3 72.3 -20.9
9 5.9 8.9 50.8 6.5 8.8 354 -15.5
10 6.4 5.9 -7.8 6.4 8.6 34.4 42.2
11 5.6 9.1 62.5 6.7 16.4 144.8 82.3
12 5.1 7.8 52.9 7.0 9.7 38.6 -14.4
13 5.2 6.2 19.2 5.4 6.9 27.8 8.5
14 7.1 23.9 236.6 10.6 87.1 721.7 485.1
15 3.8 4.7 23.7 5.1 11.5 125.5 101.8
16 4.0 5.9 47.5 3.6 4.8 33.3 -14.2
17 55 7.3 32.7 5.1 9.0 76.5 43.7
18 9.5 10.0 5.3 6.2 6.3 1.6 -3.7
19 7.8 10.3 321 8.3 9.6 15.7 -16.4
20 8.0 11.6 45.0 8.9 23.6 165.2 120.2
21 3.7 4.6 24.3 6.0 8.3 38.3 14.0
22 12.9 19.0 47.3 9.8 25.2 157.1 109.9
23 3.3 3.7 12.1 3.3 5.0 51.5 394
24 7.3 15.7 115.1 8.0 42.2 427.5 312.4
25 4.6 6.6 43.5 8.6 25.8 200.0 156.5
26 6.9 8.2 18.8 6.0 6.9 15.0 -3.8
27 6.2 7.5 21.0 7.3 8.2 12.3 -8.6
28 5.9 8.4 42.4 5.0 63.5 1170.0 1127.6
29 5.7 9.8 71.9 7.3 10.3 41.1 -30.8
30 3.8 7.1 86.8 4.3 6.3 46.5 -40.3
32 8.4 9.7 15.5 8.7 11.2 28.7 13.3
33 7.2 8.0 11.1 4.5 6.9 53.3 42.2
34 5.4 7.0 29.6 3.6 10.5 191.7 162.0
35 6.8 10.3 515 10.8 29.2 170.4 118.9
36 10.7 17.9 67.3 22.9 71.8 213.5 146.2
37 4.7 6.0 27.7 4.9 6.6 34.7 7.0
38 3.4 4.4 294 6.6 7.6 15.2 -14.3
39 5.4 8.5 57.4 5.2 13.1 151.9 94.5
40 5.4 6.0 11.1 55 6.3 14.5 34
41 5.1 5.7 11.8 5.0 6.0 20.0 8.2
42 8.1 13.9 71.6 7.7 49.8 546.8 475.1
43 5.0 5.4 8.0 4.0 10.0 150.0 142.0
44 5.2 6.5 25.0 55 27.3 396.4 371.4
45 6.4 8.1 26.6 4.6 18.1 293.5 266.9
46 8.3 8.0 -3.6 9.7 12.7 30.9 345
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Table 19: Individual subject data (sRaw) from Rogfeal., 1985 (0.25 ppm SP

Subject
ID
1
3
4
7
12
13
14
15
16
18
19
20
23
24
26
29
30
36
37
39
40
42
43
44
45
46
48
50

No SO, 0.25 ppm SO,

Pre Post Pre Post

exercise exercise Percent exercise exercise Percent
sRaw sRaw Change (A) sRaw sRaw Change (B) (B)-(A)
6.34 6.52 2.84 7.46 9.72 30.29 27.46
9.56 14.87 55.54 10.05 10.27 2.19 -53.35
11.54 17.74 53.73 9.63 22.30 131.57 77.84
5.05 7.20 42.57 4.68 8.08 72.65 30.08
8.20 5.51 -32.80 9.47 9.69 2.32 35.13
4.60 4.94 7.39 3.89 3.63 -6.68 -14.08
2.82 3.71 31.56 2.75 5.70 107.27 75.71
4.67 4.96 6.21 4.38 6.46 47.49 41.28
2.90 3.15 8.62 3.23 3.80 17.65 9.03
4.65 4.98 7.10 3.84 4.77 24.22 17.12
10.14 15.04 48.32 6.65 12.68 90.68 42.35
2.83 7.00 147.35 5.00 12.86 157.20 9.85
8.58 9.42 9.79 8.21 11.10 35.20 25.41
4.62 6.40 38.53 5.11 6.17 20.74 -17.78
2.76 3.83 38.77 3.30 4,92 49.09 10.32
13.28 23.05 73.57 8.77 16.64 89.74 16.17
6.86 10.76 56.85 7.64 11.08 45.03 -11.83
3.74 4.14 10.70 3.15 4.05 28.57 17.88
7.49 19.61 161.82 6.63 14.87 124.28 -37.53
5.91 9.46 60.07 5.40 9.57 77.22 17.15
8.13 9.00 10.70 7.67 8.86 15.51 481
5.81 7.79 34.08 6.80 7.90 16.18 -17.90
5.44 14.22 161.40 5.82 15.74 170.45 9.05
8.53 8.80 3.17 6.76 10.60 56.80 53.64
4.39 9.07 106.61 7.33 23.64 22251 115.90
5.51 8.21 49.00 8.73 17.11 95.99 46.99
4.68 7.22 54.27 5.18 7.62 47.10 -7.17
5.27 10.68 102.66 4.37 5.65 29.29 -73.37
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Table 20: Individual subject data (sRaw) from Rogfeal., 1985 (0.5 ppm SD

Subject
ID
1
3
4
7
12
13
14
15
16
18
19
20
23
24
26
29
30
36
37
39
40
42
43
44
45
46
48
50

No SO, 0.5 ppm SO,

Pre Post Pre Post

exercise exercise Percent exercise exercise Percent
sRaw sRaw Change (A) sRaw sRaw Change (B) (B)-(A)
6.34 6.52 2.84 7.08 6.31 -10.88 -13.71
9.56 14.87 55.54 7.08 10.05 41.95 -13.59
11.54 17.74 53.73 8.57 21.66 152.74 99.02
5.05 7.20 42.57 4.32 9.85 128.01 85.44
8.20 5.51 -32.80 10.53 12.89 22.41 55.22
4.60 4.94 7.39 3.65 4.76 30.41 23.02
2.82 3.71 31.56 5.05 6.71 32.87 1.31
4.67 4.96 6.21 4.41 11.09 151.47 145.26
2.90 3.15 8.62 2.53 3.77 49.01 40.39
4.65 4.98 7.10 4.25 7.24 70.35 63.26
10.14 15.04 48.32 11.72 29.94 155.46 107.14
2.83 7.00 147.35 4,58 34.97 663.54 516.19
8.58 9.42 9.79 8.70 11.79 35.52 25.73
4.62 6.40 38.53 5.43 8.72 60.59 22.06
2.76 3.83 38.77 4.48 8.88 98.21 59.45
13.28 23.05 73.57 14.84 26.82 80.73 7.16
6.86 10.76 56.85 8.03 20.89 160.15 103.30
3.74 4.14 10.70 4.32 4.70 8.80 -1.90
7.49 19.61 161.82 8.04 24.32 202.49 40.67
5.91 9.46 60.07 5.63 9.37 66.43 6.36
8.13 9.00 10.70 5.32 481 -9.59 -20.29
5.81 7.79 34.08 5.77 7.50 29.98 -4.10
5.44 14.22 161.40 6.91 21.33 208.68 47.29
8.53 8.80 3.17 9.14 15.20 66.30 63.14
4.39 9.07 106.61 6.42 10.35 61.21 -45.39
5.51 8.21 49.00 7.99 27.58 245.18 196.18
4.68 7.22 54.27 5.05 6.52 29.11 -25.16
5.27 10.68 102.66 5.51 16.09 192.01 89.36
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Table 21: Individual subject data (sRaw) from Rogfeal., 1985 (1.0 ppm SD

No SO, 1.0 ppm SO,
Pre: Post Pre: Post
Subject exercise exercise Percent exercise exercise Percent

ID sRaw sRaw Change (A) sRaw sRaw Change (B) (B)-(A)

1 6.34 6.52 2.84 6.43 10.40 61.74 58.90
3 9.56 14.87 55.54 6.43 13.40 108.40 52.85
4 11.54 17.74 53.73 5.88 14.88 153.06 99.34
7 5.05 7.20 42.57 4.53 12.45 174.83 132.26
12 8.20 551 -32.80 10.23 9.94 -2.83 29.97
13 4.60 4.94 7.39 2.99 7.25 142.47 135.08
14 2.82 3.71 31.56 6.70 13.03 94.48 62.92
15 4.67 4.96 6.21 5.02 17.85 255.58 249.37
16 2.90 3.15 8.62 2.84 5.68 100.00 91.38
18 4.65 4.98 7.10 4.65 8.31 78.71 71.61
19 10.14 15.04 48.32 9.93 44.94 352.57 304.24
20* 2.83 7.00 147.35 4.58 34.97 663.54 516.19
23 8.58 9.42 9.79 7.62 27.93 266.54 256.75
24 4.62 6.40 38.53 4.31 13.30 208.58 170.06
26 2.76 3.83 38.77 4.37 12.00 174.60 135.83
29 13.28 23.05 73.57 11.42 67.88 494.40 420.83
30 6.86 10.76 56.85 6.14 19.61 219.38 162.53
36 3.74 4.14 10.70 3.55 4.51 27.04 16.35
37 7.49 19.61 161.82 6.65 20.24 204.36 42.55
39 5.91 9.46 60.07 5.95 14.36 141.34 81.28
40 8.13 9.00 10.70 9.36 15.00 60.26 49.56
42 5.81 7.79 34.08 6.00 10.39 73.17 39.09
43 5.44 14.22 161.40 5.35 29.45 450.47 289.07
44 8.53 8.80 3.17 8.39 15.49 84.62 81.46
45 4.39 9.07 106.61 10.20 32.21 215.78 109.18
46 5.51 8.21 49.00 8.16 40.18 392.40 343.40
48 4.68 7.22 54.27 5.06 7.89 55.93 1.66
50 5.27 10.68 102.66 4.35 14.34 229.66 127.00

* Subject 20 was not exposed to 1.0 ppm due to excessive symptoms following exposure to 0.5 ppm SO,.
Values for 1.0 ppm for this subject were set equal to those of 0.5 ppm assuming the response at 1.0 ppm
would be equal or greater than those experienced at 0.5 ppm.
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Table 22: Individual subject data (sRaw) from Kedtral., 1987 (1.0 ppm SP

No SO, 1.0 ppm SO,
Pre: Post Pre: Post
Subject exercise exercise Percent exercise  exercise  Percent

ID sRaw sRaw Change (A) sRaw sRaw Change (B) (B) - (A)

13 4.60 4.94 7.39 2.99 7.24 142.14 134.75
14 2.81 3.70 31.67 6.69 13.02 94.62 62.95
15 4.6€ 4.94 6.01 5.01 17.8¢ 256.0¢ 250.0¢

18 4.64 4.98 7.33 4.65 8.31 78.71 71.38
24 4.61 6.40 38.83 4.30 13.30 209.30 170.47
26 2.76 3.82 38.41 4.36 11.99 175.00 136.59
30 6.86 10.74 56.56 6.14 19.60 219.22 162.66
42 5.79 7.78 34.37 6.00 10.39 73.17 38.80
43 5.44 14.20 161.03 5.34 29.44 451.31 290.28
44 8.52 8.79 3.17 8.38 15.48 84.73 81.56
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