XI. APPENDIX IV

CO EXPOSURE DATA

The exposure data contained in this appendix result from programming
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the equation introduced by Coburn that relates environmental CO exposure

to bodily uptake. The Coburn equation:

COHb JP Pp - P Pg .t
[COHb JP o, ~ 14 BT FHO | ~ co,
[0,Hb |M CO | B V, Lo MV, [0pHB] 1 713
- -~ e Dy, Vu
[ COHb ] oP Pp - Py o]
ofco, o, B~ PH,0 L
[0,Hb M Q Vy Tco

has been rearranged for programming as follows:

CO in air (ppm) =

l-a
here 4 Pc -0,
ere A =
M[0,H, ]
P
D Va
C = [COHb]t = COHb concentration (ml CO/ml blood) at time t.
D= [COHb]O = "background" COHb (ml CO/ml blood) at time = 0.
Voo = Rate of endogenous CO production (ml/min)
tA
"~ VbB

Vy = blood volume
Po _ 09 = PO2 in capillaries (mm Hg)
[02Hb] = oxyhemoglobin conc. (ml/ml blood)

M = C0/0, affinity for Hb
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s = ventilation rate (ml/min)

Assumptions (Constants)

D = 0.0015; (0.75%)

Voo = 0.007 ml/min

v, = 5500 ml

Pe _ 0, = 100 mm Hg
[02Hb] = 0.2 ml/ml blood
M= 218

Py, = 713 mm Hg

Assumptions (Variables)

Sedentary Light Work
DL = 30 40
VA = 6,000 18,000

diffusion rate of CO through lungs (ml/min/mm Hg)

dry barometric pressure in lungs (mm Hg)

Heavy Work

60

30,000

Based upon the above assumptions, the predicted environmental CO values

and lengths of exposure necessary to reach 5 percent COHb for various combi-

nations of pulmonary diffusion rate (DL) and alveolar ventilation rate (V,)

are given on the following pages.
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D

(ml/min/mm Hg)

30

60

IJ

.O

« =<
o

VA

(ml/min)

6000,0

10000.0

18000,0

30000.0

Co
(ppm)

35,0

XI-3

Time
(min)

10,0
30.0
60,0
90.0
120.0
180.0
240,0
300.0
360,0
420,0
480.,0
1440,0
10.0
30,0
60.0
90.0
120.,0
180.,0
240.0
300.0
360.0
420,0
480,0
1440,0
10.0
30,0
60,0
9.0
120.0
180.0
240.,0
300,0
360.0
420,0
480.0
1440,0
10,0
30.0
60,0
90.0
120,0
180,0
240,0
300.0
36n.0
420,0
480,0
1440,0

COitb

0.907
1.208
1.629
2,016
2,371
2.996
3,521
3,960
4,328
4,635
4,891
6,185
0.977
1.404
1,982
2,492
2,943
3.692
4.268
4,712
5,053
5,315
5.517
6,224
1.112
1.770
2.606
3,288
3,842
4,663
5.193
5.539
5.765
5.913
6,010
6.208
1.317
2,291
3,409
4,210
4,781
5.490
5.837
€.,012
6,102
6,148
6,172
6,199



L

(ml/min/mm Hg)

30.0C
30.02
3G.00
30,00
30,00
3C .00
30,00
30.01
30,00
30,00
30.0D
30.09
30.00
3¢.00
30.00
30.08
3000
30.06
30.00
30,060

30.00
30.00
30.00
38.00
30401
30.00
30.00
3G.00
30.00
30.00
3C0.00
3C.00
30.049
30,00
33.00
30.00
30.00
36.C0
326.00
30.09

Va

(ml/min)

4G00.00
4G0GC .00
4000 .00
430009
400000
400G.00
4G00.00
4003.00
40C( .09
4000 .00
40062 .00
4300,.904
400C.00
4000.09
420C.00
4000.00
400GQ.G0
4300 .00
4000.00
4G0Q .00

5CGu.D0
SG03.00
5GC3.00
S0UC.C00
580¢.0Q0
S3IC .00
5006 .00
5000.090
5200 .00
50CC.00
530000
5G00.00
SCON .00
5G00.00
5000.,00
5¢0G.00Q
5000.00
500G .00
50CC .00

Time

(min)

13. 0
2’(:’.0
39,0
40.0
50.0
65,90
0.7
122.0
150.4
180.0
2100
24049
2700
30G.0
3369
360,90
36,0
424 .0
450,90
48Q0.10)

1C.9
2Ge 9D
3.9
4G.0
5C.C
60.0
9C.u
120.0
150.C
18GC.0
210.9
240U.0C
2760
nNN.0
330.0
36C.0
39G .0
42040
45G.0
4806.0

XI-4

Co
(ppm)

1085,96
549,9%
371.36
282.07
228,5C
192.81
133.37
103.71

85.95
T4.16
65,76
59.5¢C
54.65
5C.79
47.65
45,06
42.88
41.03
39.43
38,06

S05.67
460,02
311.51
237.27
192,75
163.(8
113.7C
89.07
T4.36
64.5%
57.65
52.48
48 .49
45432
42.76
4C.64
38.87
37.37
36.128
34,97



D

(ml/min/mm Hg)

3D.00
30.00
20.00
30.00
30.00
30.00
30.00
3G.00
30.00
30.00
30.00
30000
30.048
30,00
30,00
30,00
30.00
3C .00
30.00
33.00

30,00
3U.00
36.00
30.09
30.00
3¢.00
30,00
30,04
3d.0U
30,00
3G .00
30.00
34,00
3n.09
30.00
3000
3C.00
30.00
3(30 0()
36.00

Va
(ml/min)

60070 .04
6000.00D
6000.00
6000.00
60GU.00
600C.00
600000
600CQ. 00
6002,.,00
6G60.00
640C.00
600G G0
6000 13
600N G0
600C.00
600000
6060.00
63C0.00
6000 .09
5900 .00

70000
7500.00
TU00.00
T7000.C0
T0CC.C2
7000 .G0
7000.00
TGO N0
TR00 00
7C0C.0N
7000.0G0
7200.00
T7300,.09
7CA0 .09
7C0G .00
T000.00
7000.20
7CC0.00
T0GC GO
TLCC 04

Time

(min)

1.0
20.0
30.3
40.0
500
60,0
90 .9
120G
150.0
18G.0
210, 0
24C0.0
3"-..)0.{)
330.,0
36C.0
39G 490
4200
450,14
480.0

10,0
2C e
33.0
40 .0
5049
600
9C.0
12C. 0
15,0
18G.0
210.0
24C.0
27C.0
33049
33C.0
3604
39C.
42G.0
45040
48041

XI-5

co
(ppm)

785.48
40G.05
271.61
207.41
168.92
143.21
106.60
79.35
66465
58.25
52.28
47 .85
44,44
41.74
39,56
37.76
36.26
35.00
33,93
33.00

699.63
357.21
243.11
186 .09
151,91
129.13
91.26
712.41
61.18
53.74
48.48
44,58
41.58
39.22
37.32
35.75
34.46
33.37
32.45
31.66



Dy,
(ml/min/mm Hg)

30.00
38.00
3C.00
30,40
30 .00
30.09
3C¢.00
30.00
3G.CO
3¢.00
30.00
30.00
30.00
30.00
30.00
3G.00
30.0G
30.00
30.00
30.00

30.00
30.00
30.00
30.00
30.00
30 u(‘ﬂ
30.00
30.00
30.C0
30.C0
30,00
30.00
33.00
30.00
30.00
30.00
30.00
30.00
30.00
30.00

Va
(ml/min)

8000.090

80G0.00
8000.0N
8003 .00
8009,G0
80C0.00
8C00.00
BOCHL.00
8GG0 .00
800G .00
BLOD.GA
8C0C.00
8C00. G0
80GG.00
8(100 .09
8000,00
8C0G.00
8CG00.09
80C0.00

9000.00
9030.00
90G0.CD
9030.00
900G .00
9CCG.0)
9000.00
9GCL .00
900U .09
9¢0C¢.00
9060.00
90CC .00
900ie DU
90405 U0
9GHN .00
9QURN. 05
90045.00
9000.00
900G, 00
9000G.00

Time

(min)

10.6
20.0
3G.0
4G.0
5G.0
6C.0
9C.D
120.0
150.0
18040
21C.0
24C.0
210.9
300.90
330.7
36C.5
39C.0
420.0
450,.0
48C.0G

16.9
2C. 0
30.0
40.0
50.0
6G. U
90.u
120.9
150,90
18G.0
210,90
24G.0
270,90
3020.90
33G.9
360G,
390.0
420.0
450.90
480.C

XI-6

Co
(ppm)

635,25
325,09
221.75
170.11
139.15
118.54
84.27
67.23
57.08
50.39
45.66
42.16
39.47
37.36
35.67
34.29
33.14
32.19
31.38
30.69

585.17
300.1C
265,13
157.68
129.24
110.3G
78.84
63,21
53.92
47.75
43.48
4G.26
37.86
35.95
34.42
33.18
32.15
31.30
30.58
29.98



Dy,
(ml/min/mm Hg)

30.0C
30.C0
3Q.00
30 .00
30.C0
30.00
30.00
30.0C
30.008
30,00
36.0%
3G.0C
30.00
30.0C
30 .00
30.00
30.00
3C.0C
3Q.0C

30.00
30,00
30,00
30,09
3G.00
30400
30,03
3G.00
30.00
30.0¢
30,00
30,00
30.00
3{5 000
30,00
30.00
30.00
30,00
3000
30.0u

\Y
(mf>min)

1065w .00
100630 .03
10620.00
18060 .00
10000.00
169200 .79
10000.09
10060.09
10Q0C .00
1006¢C .00
160G .00
130060 .00U
1000¢.60
100006 .00
1000¢ .00
1C0G0L. 00
1000G .00
10000.00
100¢C .00
10G00..00

11000.00
113600.00
11620.00
11000.00
11666.00
11058 .00
11¢00.00
11Cu0.00
11090.00
11000.00
11060.09
11860.090
L11C00 00
11046C.G0
11000.00
11020.00
11060.00
11000.00
110CC.00

Time
(min)

197
200 3
3”.0
4C.0
5040
60‘.0
9C. D
120.9
150.0
180.0
210.9
24C.0
2700
300.0
33G.0
360.0
39C. 0
420.0
450.0
480.0

10.0
2G.0
3C.0
40.90
50.0
6G.0
90.0
120.0
150.0
180.0
21040
240.0
27Ce0
300 .43
33¢.0
360.0
390.0
420.0
45049
48C.0

Co
(ppm)

5645.11
280.12
191 .84
147.74
121,31
163,72
T4.50
60 .QC
51.39
45.73
41.75
38.82
36,58
34.83
33.44
32.31
31.39
30.62
29.98
29.43

512.33
263.77
183.57
139.61
114.83
98,33
T3.95
57.39
49.34
44,06
40.35
37.62
35.55
33.94
32.66
31.62
30.78
30.(8
29.5C
29.21



Dy,

(ml/min/mm Hg)

30.CC
30.00
30.C0
30.00
30.00
30.00
30.C0
30 0":,‘:’
3C.09
30.09
30406
30.C9
30.00
3.6
30..00
0,00
30.00
30943
30.00

30.0G0
30.00
30.C0
3000
30.00
30.00
3G.00
3C0.00
30,69
3C.00
30,00
30.00
36.00
30.09
30.00
30.00
30.00
30.00
33.00

Va

(ml/min)

12000.Cvu
12000.00
120550.00
12000.00
12000.00
12000 .00
12000.00
12000.00
12000 .00
123CL.00
12900 .60
120G6C.00
1290C.00
12000.0)
125C0.0C
1200v .80
12GCC.00
12000.380
12C0C .20
1206C..00

13C00.00
13C¢00.00
13G4uG .00
13000.00
1300¢.09
133C2.00
1300¢.00
1350u.00
13G05.00
13(:00.08
13606G.930
13C0C .00
13€06C.CO
130060.00
132G0.00
130¢6.00
13001.50
13CGu.NG
136405, 00
13009.,.49

Time

(min)

1G.D
200
30.0
4C.C
5Ge’)
600
9Q.0
12040
15C.
18CG.0
210.0
24C .G
2706
3‘;}'»30':]
33C. N
36C.C
39C.0
420490
45000
48C.0

10.0
202
EIVIRY
Z'C.G
50.0
60 o
9¢,.D
12¢.¢
150.0
18G. ¢
21G.0
240.0
276.0
30C. U
33CeD
39Q.0
420,90
450.0
48G.0

XI-8

Co
(ppm)

485.02
25G.14
171.91
132.84
109.43
93.85
68.01
55.21
47.64
42,67
35.19
36.64
34,71
33.21
32.02
31.37
30,29
29.65
29.12
28.67

461.91
238.62
164.25
127.11
104.86
90.06
65,52
53.38
46.2¢C
41.50
38.22
35.82
34,01
32.60
31.49
37.61
259.89
29.29
28.81
28.40C



Dy,
(ml/min/mm Hg)

30.900
3INL.G0
30.00
3G.00
33 .00
Q.00
30.00
30.0C
30,00
30.5T
30.0U
30.06G
30.00
30.00
30.00
30.00
30.00
30.00
30,00
33.90

40,00
49.00
40.00
40,00
4¢ .00
4G G0
4 .00
40.00
40.00
QU.OO
43,00
4G .00
40.00
40,00
40,00
490 .00
4G .00
40,00
4G .00
40.00

Va
(m1/min)

140C3.00
14GCC .00
140C0.09
140C3.%90
140C0 .30
1400C .00
14000.00
14C0C.00
1400C.00
14C0C.00
14C00.C0
140G6C.09D
140GG. 00
14000.00
14000.00
14000.00
14000.00
140CC.C0
14003.C0
14600.00

140C0 G0
14000.00
14C00.00
14000.00
14C0G.00
14Co7 00
14C5C. 00
14G0u.nN0
14000.00
140060.00
14G42.00
14G363.G9
14003090
140CC. 040
14C00.00
140C2.00
14GC05 .00
1403:2.20
140C0.0)
14G00 .00

Time

(min)

16.9
2G.G
30.0
4G.9
5C.C
6GC.0
9C.0
12CG. 0
150,90
180.9
21C.<C
240.0C
27C.0
300.0
330.0
360.0
39C. 0D
426.0
45G.0
48040

100
20.0
3C.0
4C.0
50690
6U. U
0.0
120.0
15G D
18G.%3
21G6.0
240G
27300
300.0
33C.0C
36C.0
390.2
42C.0
450.0
480.0

X1-9

co
(ppm)

442.1¢
228.74
157.68
122.26
160.95
86.82
63,138
51.81
44.98
47 .51
37.4C
35,132
33.41
32.09
31.05
30.22
29.55
29.00
2B.5%
28.18

359.97
207.72
143.72
111.76
92.63
79.92
58.86
48449
%4239
38.42
35.67
33,68
32.18
31.C4
30.15
29,44
28.88
28.42
28.05
27.75



Py,

(ml/min/mm Hg)

30.00
30,00
30.00
30.00
3¢.0¢C
30.00
3G.00
30.00
30.00
30.20
30.00
30.00
3G.00
30.C0
30.00
30,00
30.C0
30.00
39.00
30.00

4C.C0
43,00
4G.00
4G.00
4C.00
40.00
40U .00
40,00
4G.00
40.00
40.00
4C.00
40.00
40,00
40.00
4Q.00
4C.00
40.00
400U

Va
(ml/min)

1500069
15G3¢ .00
1500¢.09
15000.00
15060.300
150C0 .00
15000 .00
15080, 6)
15C50 .00
15008.00
15G0CG .20
15CC0.C0
15C00.09
150C0¢..G0
1500C.00
15007 .00
15000.00
15G0G.00
15000.09
1500C.u0

1500C. 00
15900.00
15000 .09
150CC.G0
150C0.00
1500¢.00
15000.00
15GCC. GO
156C0.00
15030.0G9
15000.00
15000.G0
15000.00
1500C6.6¢
15C00.00
15006<¢.00
15000.00
15C00.00
15006.048
1520G.00

Time

(min)

1¢,0
2G40
20.2
4Ca 0
5G.0
6G.0
90.0
120.9
150.9
18C.0
210.0
24G.0
2760
30C.0
33C. 0
360.9
338GC.0
42C.0
45C0.0
480.0

10.0
2C.D
30.0
4040
5G.0
6G.0
90.0
120.72
15C.0
181%.0
210.0
24C,0
27040
3CC.0
33C.0
360.0
39Q.0
420.0
45Q0.0
48C0.90

XI-10

co
(ppm)

424.93
22C.18
151.99
117.95
37.56
84,00
61.54
5U.45
43.92
39.66
36.69
34,53
32.91
31.66
30.68
29.9C
29.27
28.76
28.34
28,00

382.80
199.17
138,03
107.51
89.25
77.11
57.03
47.15
4]1.35
37.58
34.98
33.10
31.70
30.63
29.89
29.14
28462
28.20
27.86
27.59



Dy

(ml/min/mm Hg)

33.00
30.00
3Q0.00
3G.00
35.00
30.00
3¢ .00
30.00
30.060
30.00
3¢.00
33 .00
3G.00
3C.00
33.00
30.0C
3N, 00
33.00
3Q0.00
30.6C

43.C0
40.00
40.04Q
43,04
40,00
40 .00
46,040
4G .00
40,00
4¢ .00
40.00
40,00
40,00
4G .00
40.00
4G .20
40,00
40,00
40,00

Va

(ml/min)

16GCC.00
1600C. 09I
16000 .00
1600GC .00
16CAC 0D
16C0U.CO
160060.C0
1600C .00
166G00.00
1606000
1600G.00
16200.00
160C0.00
16GC0.00
16C0G .00
1600600
16GCC.00
16000 .00
160C0.00
1600G.C)

16001.,Q9
16600.00
1600C0.C0
1600500
1660C.C0
16GON GO
16CGL.CD
1605J.C0
16G2C.00
1600050
16000030
16C33.040
16CGC0.00
160GC..00
16000.00
16CGC.00
1600C.00
16000.00
160¢0.00

Time

(min)

10.0
20.90
30,0
4U.0
5040
60.0
90,0
120. 4
150.C
18C."N
21C.0
24G.0
27C.0
30Q.0
33G.u
360.9
39¢.0
420,90
450,90
484, 0

1¢e0
20.0
3C.0
40.0
50.9
6C.0
9C.90
126,90
15C. 0
180.0
21C. 0
240.9
27C. G
300.0
33C.9
36C. G
390.u
42G.0
450.0
480.0

XI-11

Co
(ppm)

409.91
212.69
147.01
114.23
94.60
81.54
59.493
49.217
43.00
38.91
36.07
34,01
32.417
31.28
I0. 36
25.62
29.03
28.55
28.16
27.85

367.78
191.68
133.05
103.84
86.25
Taa.66
55.42
45.98
40.44
36.86
34,38
32.60
31.28
3C.27
29 .50
28.89
28.40
28.02
27.71
27.46



Dy
(ml/min/mm Hg)

40.0¢0
40.00
40.0C
40.00
40.00
4G .00
40.00
43,00
40Q.00
40,00
44 .00
43,00
40,00
40,09
40 .00
40,006
43,00
43.00
41,00

40,00
400,00
40.00
40,00
40.00
4C.00
40400
40.00
40.00
40 .00
40.00
40.00
40.00
40.00
40.00
40.00
40.00
40.00
40,00

Va
(ml/min)

17060.00
17G0GC.00
17000.00
174000.00
17G0L.30
17000.00
17000.00
17000.00
170C6.00
17000.00
17600.0G
17000 .00
17C06. 00
17069.,00
176C0.00
17000.040
170CC.00
1700C.00
17000.00
1700C.00

18000.00
182CG. G0
18000.00
18000, 00
18000.00
184006G.00
180C0..00
18G00V .00
186000 .00
18000.03
18000.60
18060.33
L8UAG N0
18C0G.CO
18000.00
18000.00
180C0.00
18000.C0
18000, G0
18GC0,94

Time
(min)

10.0
20.9
30.0
49 ,)
50.0
60. ‘)
90.0
120.9
150.u
180,0
210.0
264Q.%
276.0
300.90
330.0
36C.0
390.0
420414
450.0
480.0

10.0
2G.0
IC. 0
40.0
5C.0
66U
90.0
120.0
150.0
180.0
210.0
240. 0
27C. 3
300.0
330,90
360.9
39C. 3
42040
450,.,0
48C.0

XI-12

co
(ppm)

354.53
185,07
128.66
160.52
83.68
12.50
54.01
44,95
39. 64
36,22
33.86
32.17
30.92
29.97
29.24
28.67
28.22
27.86
2758
27.35

342.75
179.2¢
124.76
97.61
8l.36
70.58
52.76
44.04
38.94
35.66
33.41
31.79
30.6C
29.71
29.92
28.48
28,07
27.13
27.47
27.26



D,

(ml/min/mm Hg)

40.00
40,00
40.00
40,00
40,00
40 .00
40 .00
40.39
40.00
40.00
40.00
4C.00
40.00
"’0 .00
40.G0
4G.00
4G.00
40.00
40.00
40 .00

40.00
40,06
40.00
40.00
40,00
40,00
4Q.00
4Q.0¢
49,00
43.00
49,90
40,00
4Q3.00
40,00
4G 00
40,00
40 .04
40,00
4J.0C
40,00

Va

(ml/min)

19000.00
19004.90
190063 .09
19000.00
1900¢.09
19000 .59
19030.00
19000 .00
19G00.00
19606G.00
190080.00
19000 .00
1900G,09)
19990.00
19000.GU
19020 . 0u
19000.,00
19030 .00
19000,00
190¢0.0Q0

20000.0C
20000.00
20000.00
2000C.00
20000.00
20000.90
20000.00
20000.04
20004G.%0
200060.G0
200CU,. 00
2000C.00
20000.00
2000C.00
2000000
20000.00
20000.00
2000C .00
20000.00
20000.C0

Time

(min)

10.0
20.0
3C.0
40,0
50' O
60.0
90.0
12€.0
15C.D
180.0
210.0
24G.0
270 .4
300U
33¢0.0
36C.0
390,10
42040
450,30
480.0

10.0
2C.0
3¢ 0
4.0
5044
6G.0
9¢.0
120.2
15C 3
180.0
213.0
24C .0
270.0
3G0.
33C.40
36C.0
390.0
420.0
45G.C
480,.0

X1-13

co
(ppm)

332.21
173.94
121.27
95.00
19.29
68.86
51.64
43.22
38.32
35.16
33.00
31.46
30.23
29.48
28.83
28.32
27.93
27.62
27.38
27.18

322.73
169.21
118.13
92.66
T7.43
67.32
50.64
42449
37.76
34.72
32.64
31.17
30.08
29.27
28.66
28.18
27.82
27.52
27.30
27.12



Dy,

(ml/min/mm Hg)

50.0¢C
50.CC
50.0C
50.04
50.0C
50.0¢0
50.0C
50.0C
50.0C
53.0C
50.0C
50.00
50.0¢
50 .OC
5C.0C
50.GC
50.00
5C.0C
50.00
5C.0¢

46,00
4G.00
40,00
40,00
46.00
40.0C
40.00
40.C0
40.00
40.00
4C.00
40,00
40,00
40.00
40.00
40.C0
40.00
4C.00
40.00
40.00

Va

(ml/min)

20CC0.00
2000C.09
20Q00.09
20GCC .00
200CC0.00
20000.00
20000.00
20000.00
20000,00
20000 .00
20001 ,00
29060 .00
20000,00
26GCC.00
20060 .00
20000.54
2003369
2C000.00
200C0.00
2000C .0

21000.G3
21004,00
21C00.00
21060.00
2100¢.00
216034008
21004 .60
2100C.00
2100C.00
2100G .09
2100C.00
21000 .00
21000.00
21004 .00
21¢00.0¢C
2100¢ .04
21C00. 00
210CC .00
210CG.00
2106C.00

Time

(min)

10.90
2G.0
BG'O
4G.0
5C0.90
60,0
90.0
120.0
15Ce0
180.0
21C.C
24G.0
270. 0
3000'\3
330.0
3604
360,06
42C.9
495Gl 0
48C.0

10.0
204G
3040
40,0
SCe 0
90,0
12C.0
15C.
180.0
210,08
240G
27C.0
30C .0
33C.C
360.0
390.0
424,09
450.0
48C.0

XI-14

co
(ppm)

156.62
159,77
86.42
12.47
63.21
47.98
40.57
36.28
33,55
31.70
30.40
29.46
28.76
28.24
27.84
27.53
27.30
27.11
26 .97

314.14
164.94
115.29
90.54
715.74
65.52
49.73
41.84
37.25
34,32
32.32
30.94U
29.87
29. 10
28.51
28.G6
27.71
27.44
27.23
27.07



Dy,
(ml/min/om Hg)

5C .00
54,00
50.00
53,00
SGC. 00
50,00
50.0C
50 U0
5C.0C
SCo‘}C
50.00
5C.GC
50.0C
50.CC
50.CC
50.00
50.00
50.00
50.00
5G .00

40,00
404,50
40,00
40,00
40,00
40,00
43,00
4C.G0
40.,C0
40,00
4C .00
44U .00
’00.‘70
4C.CO
4C .CO
4C.00
4C.C0O
40 .00
4G .00
40,08

Va
(ml/min)

21G346 .09
21000.090
21000.00C
21000 .04
21005.00
2100u.09
210CL. 60
210CC.00
21000.00
2100G .99
2109¢.090
210u00.C0
21000, 00
210069.069
21000.00
210003 .G9
21000.040
21040 .90
21NGU .C3
21000.00

22CG0.00
22G03.990
2200C.00
2200C .00
22000 .09
2200G.00
22000.00
22000.00
22C0GC.Q0
22650G.00
220300.09
22000.00
22000G.00
22C00 .09
22000.99
22000.09
22004G.00
22000,010
22C00..09
2200GC .00

Time

(min)

1€¢. 0
20.0
38.0
40) o Q
5C. 0
60.9
90.4
ISGoG‘
180.0
24C.0
270.C
30(3.’:1'
330.0
36C.0U
390.0
42C.0
450.0
48C.0

1C.U
20.0
30.70
40, ¢
5C.0
£DQ.0D
9G.0
12G.9
150.0
180.¢
210.0
2404
27C.C
30C.0
33C.0
360.0
390.0
420.1)
450,10
48G. U

XI-15

co
(ppm)

288.87
152.34
106,93
84,30
T3.78
61.82
47.058
39.92
35,79
33.16
31.39
30,15
29.26
28.59
28,10
27.73
27.44
27.22
27.16
26.93

306. 34
161.35
112.71
88.61
T4.21
64.66
48.91
41.24
36.80
33.96
32.923
3C.67
29.61
28.94
28,138
27.95
27.63
21.37
27.17
27.02



D,
(ml/min/mm Hg)

50.G0
50.20
50.0C
56.0C
5C.006
5C.00
50.00
50.CG
50.20
50.2

50.C0
50.00
50.C0
5G.00
50.00
50.00
50.C0
5Q.0C
5G.C0
50.00

4C.00
40.060
40,00
4G.C0
430.00
40,00
40 .00
49.00
4G.C3
40.00
40,.0C
40.00
40.G0
40.00
40,00
40.00
40.00
40 .00
40.00
40,00

Va

(ml/min)

22000.,00
22000.09
22000.00
220C0.00
22G00 .30
2204uN. 30
2200G.00
22060.00
22000.00
22000 .09
22000.00
22GGC,.00
22006.00
22000 .00
22001.,00
22006, 60
22C00 .00
22GG0.0G0
22000.00
22000.00

2300C¢.00
233930 .00
230006.00
23000.450
23C00.35)
23000 .00
23000.00
23000.09
23034.00
2300Q0.00
2303C.C0
23000.00
2300C.00
23000 .60
2300G .00
23C0C.00
230C0 .10
2309G.00
23G00 .00
23032.00

Time

(min)

1C.0
20.0
30.9
4C.C
50.0
60.0
9G.0
1236.0
150.0
18G.0
21G«D
240.D
270 .0
30C.C
330.‘3
36C.0
390.0
42C.0
45C. 0
480.0

10.0
2Ce0
6.0
40 J
5G.0
60,y
90 .i)
12C. 9
1538.0
18G.0
210.0
240,70
27G.0
300,90
330.0
360.0
39C.0
42C.0
450.0

XI-16

Co
(ppm)

281.07
148.46
1G4,.35
82.38
59.26
60,56
46.26
39.33
35.34
32.82
31.12
29.93
29.07
28445
27T.98
27.63
27.317
27.16
27.3G1
26489

299,22
157.5¢
11u.3¢
86.86
72.81
63.5C
48.16
40,79
36.38
33.63
31.77
30.45
295450
28.79
28,26
27.86
2755
27.31
27.12
26.98



D

(ml/min/mm Hg)

S0.00
S0.00
50.CC
SA.C0
5G.040
S5¢.C0H
530.00
5C.CC
50.00
50.00G
50.70
50,20
56,00
50.,0C
50.0C
50,00
50.00
50,00
50.00
5C¢.00

40,00
40,00
“O .oo
40,30
4C .00
40.00
493.C0
40,00
40,0C
40.00
40,00
40,00
40,03
40.00
40,00
40,00
40,00
40.00
40.00
40,00

Ya
(ml/min)

23000.00
23000.09
23000.00
230900.00
233500.00
23CU0.00
23000.C0
23000.00
230CC. 00
230902,00
23003.00
230060.00
23000.G60C
230040.00
23002.%0
23GG0 .00
23C00.00
23060G.00
23000.00
23000.00

24000 .09
24C00,0G0
24000.00
2400GC.00
24GC(.00
2406C0.00
24000G.00
24C0C .00
24C00.00
240C0.00
24000 .90
24C0C.¢C0
24003430
24000.00
2400C .00
24000.00
2400C.00
264G00.09
24006.00
24000 .00

Time

(min)

10.90
2C.0
30.0
40.0
50,0
90.0
120,0
15C.0
180.90
210.0
240,10
270. 4
33C.0
360G,
39G.u
420,0
45000’
480,90

160.0
2C 0
3C. 0
40.0
50.0
6C. 0
9G. 0
120.0
150.0
180.0
2 IC.:i
240G, 0
2105
30C. D
33C.90
360.0
39G. 0
420,90
45040
48C.0

X1-17

Co
(ppm)

273.95
144.91
1C2.00
B0.63
67.86
59.41
45,52
38.84¢
34,94
32.50
30.87
29.73
28.91
28.32
27.88
27.55
27+ 340
27.11
26.97
26.86

292.6S
154.25
108,20
85.25
71.53
62.44
47.48
49.21
36.01
33. 34
31.53
30.26
29.35
28.617
28.16
27.78
27 .48
27.26
27.08
26,95



o

Va

(nl/min/mm Hg) (ml/min)

50.00
5CG.C0
50.00
50,00
540,00
50.00
S0.00
S0.00
50.00
50.C0
50.0¢0
50.0¢
50.00
5C.00
50.00
50.00
50.00
50,00
5G.C3
50.00

4C.00
40,00
40.G0
40 .G0
40.00C
40.00
40 .00
40,00
45,00
40.00
40.00
40,00
40.00
40 .05
40,00
4C .00
40 .00
40,00
4G.00
40.09

24000.00
24C 00 G0
240460.50
240G0.00
240280.00
24000,09
24030.03
24GC0.40
24005 .00
24006 .00
240CC.00
2400090
24900.00
24G0G.09
24C00.C0
2400C.00
24000.00
240CC.00
24000.00
24000 .N9

25000.00
25G0C.00
250G0.30
250C0.00
25000 .00
2500C,09
25G9V .00
25C30.00
25000 .60
25080 .00
25C04¢.00
25G00.00
25000 .00
25C3G0. 00
25000.03
25000.00
250C0.00
250064.C0
25060.006

Time

(min)

10.%
2C.0
30,0
40,0
50.0
6C. 0
9C.0
120.0
15040
180.0
210.0
24C.0
270.9
300.0
330.90
360.90
350.¢C
420.0
45G. 0
480.0

10.0
2C.0
30.0
40.0
50.0
63,0
9C. 0
120.0
150.0
180.0
210.0
24C.0
27G.0
300 .0
330. 0
36C.u
390.0
42040
450.0
48Q.0

XI-18

co
(ppm)

267.42
141.66
F9.84
719.02
66.59
58.35
44,84
38.31
34,517
32.22
30.64
29.55
28.77
28.2C
27.79
2T.48
27.24
27.67
26.93
26.83

286,68
151. 25
106.21
83.76
70.36
6l.47
46,85
39.76
35.66
33.07
31.32
30.109
29.2G
28.55
28.037
27.7C
2742
27.21
27.04
26.92



Dy,
(ml/min/mm Hg)

5C.00
50.00
50.00
50.00
50.00
5¢.C0
50.00C
50.00
50.00
50.00
5C.00
50.0C
5C.00
50.00
5G.00
50.G0
50.00
50.0C
50.G0
50.00

50.00
50.00
50.00
50.90
50.00
50.0C
50.00
50.00
5C.0C
50.U0
5N.C0
50.00
50.G0
50.00
50.00C
50.00
50.u0
59 .00
5C.00
50.C0

Va
(ml/min)

25000.90
25000.50
25GCC.C0
25060.00
25004G.,00
2500G.00
25000.00
250GC..N9D
2500C.00
25000 .20
250CC .00
250G0.00
2500C¢.900
25000 .00
250CC .00
2500C .00
250C0.39
25000G.09
25606G.00
250040.00

26600 .00
26GC0.00
260C4.00
26004.00
260075 .00
26000.07
26000,00
26000.00
26G03G.00
26000.00
26U00,.,00
26000 ,00
2600G.00
26000 .00
26000 .00
26005.040
26C20.,00
26000.C0
2603C 00
2600G.00

Time

(min)

1C.D
204
4Q.0
5C.0
6C.0
9C.0
12C¢. 0
15G.v
180.0
21C,. 0
240.0
278.0
300.0
330.0
360C.0
390.0
420,
450 .0
480, 0

1G.0
2G,.0
30.0
4G 0
5C.0
6Q.0
90'0
120.9
150.C
18C.0
21040
240G,.0
27C.0
30G.0
33¢.0Q
36GL.0
39C.C
42C.0
450.0
480.0

XI-19

co
(ppm)

261.41
138,686
97.86
17.54
65.41
57.38
44,22
37.87
34,24
31.96
3d. 44
29,39
28,64
28,10
2T.70
27.41
27.19
27.03
26.9C
26.81

255,817
135.90
96.53
76.18
64.33
56.49
43,64
37.46
33.93
31.72
30.25
29.24
28.52
28.01
27.63
27.35
27.15
26.59
26.88
26.179



P

v

A
(ml/min/mm Hg) (ml/min)

SC.CO
5G(.0C
50.60
5C.00
5G.00
5C.00
50.00
50.0C
50.0C
5G .00
50.0G
50 .00
S8.08
50400
50.00
5Q .00
50400
50.00
5C.0UN
50.00

5C.0C
50.00C
5C .00
50.00
50.00
50.00
5G0.00
5300
56.C0
50.00
5000
5C.00
SUL.LD
5C.00
50.090
50.G0
5G.00
50,00
50 .00

27606 .74
27000.00
27000,.00
2700G0.00
27000.60
27000.090
2T7CAC 06
27000.00
27CH0.00
273G0.00
27000.00
270C0.00
2750009
2796360
27C00.00
27056.00
270CC .00
2T2G3.7)
21C053.00
2TCG0.50

28C0G 00
28C 3G .00
2800020
280G00,00
289G0. 00
28GGGL.00
2820G.00
280300.09
287C00.09
28206 .00
28GG0.00
28G0C .50
2BGCC.00
28000.00
28Q00.00
28006 .29
2BaC0.00
28000 .00
280000 00

Time

(min)

20 .4
3C.0
4C.0
5041
6C0.0
9C.C
126.0
15G.0
180.¢C
21G.0
24C.0
27060
30040
33C.0
360G.0
39G.0
420 ¢
450,90
480.0

1C.0

Zn o(‘
36.0
4Ce D
50,0
120.0
15G.0
180.0C
210.0
240,40
27C.0
3GC. G
33C.0
36G.0
390 .0
424G 0
45060
480.0

X1-20

co
(ppm)

250,74
133.35
94,33
14.31
63,33
55. 66
43.11
37.08
33,65
31.59
30.08
29.16
28.42
27.92
27.517
27.36
27.11
26497
26,486
26.78

245,97
139,97
92.76
73.74
62 .40
54.5C
42,62
36,73
33,39
31.30
29.92
28,98
28432
27.85
27.51
27.26
27.07
26.94
26.84
26.76



D

Va

(ml/min/mm Hg) (ml/min)

50.0¢
50.00
50.00C
50.00
50.00
50,00
5C.00
5G.00
50.G0
5G.00
56.00
5G.00
SC.00
50.GC
5C.C0
50.00
50.00
50.0C
50.C0
50.0C

50.0C
50.0C
50.0¢
50.00
50.0C
56.0¢C
50.0GC
50.00
50.0C
50.GC
5C.0G
50.0¢C
50.0C
5G.00
50.0C
56 .0C
5G.0C
50.0C
5C.0C
5C.0C

29GCC .00
290920 .06
29GCC. TN
29C00 .00
2900GGC. 30
29000G.00
2900C .09
29QCT .00
290GU.CO
29000.00
290C{3 .00
290CL .00
29030.00
29000 .00
29QC6.70
29000.09
29600 .00
29004.,39
2900C .00
29C00.00

30000.G60
3600C.C0
300060 .00
300(0.00
3000¢.00
30G00.00
3C00C.00
3009C .60
30000.00
30400000
30000.00
3000¢.D0
30060,.00
AGGI0. LU
3000N.08
3000G.00
306840.00
36000.00
30000.0C
30C00.00

Time

(min)

1G. 0
2Ca 0
36.0
4G 0
5C.0
630.0
90. 0
12G. 0
150.3
180,40
21G.0
2400
27¢.0
300.0
330,40
360.0
390.0
42040
450.0
48C.0

16.0
200 0
30.0
4Ga0
50.0
60.9
90.0
12C0. 9
150.7)
18G.0
21G.0
240.0
270.0
3064
330.0
360.0
390.0
420410
45C.C
48U.0

X1-21

co
(ppm)

241.53
128.76
91.390
T72.65
61.54
54.19
42.17
36.41
33.15
31l.12
29.78
28.87
28.23
27.78
27.45
2T7.22
27.04
26.92
26.82
26.75

237.39
126.70
89,93
71.63
6G.73
53.52
41.74
36.11
32.92
30.95
29.65
28,717
28.15
2T.72
27.41
27.18
27.02
26.90
26.81
26.74



TABLE I1

CARBON MONOXIDE EMISSION ESTIMATES - 19684

Emissions,
Source 108 tons/yr Emission factor

Industrial processes

Foundries
Controlled (with afterburners) 0.2 10 1b CO/ton of charge
Uncontrolled 3.1 250 1b CO/ton of charge

Petroleum Refineries
Fluid catalytic crackers 2.0 13.7 1b CO/bbl of fresh feed
Fluid coking 0.2 30 1b CO/bbl of fresh feed
Moving-bed catalytic crackers 0.2 3.8 1b CO/bbl of fresh feed
Kraft pulp mills 2.6 215 1b CO/ton of product
Carbon black

Furnace 0.30 560 1b CO/ton of product
Channel 0.054d
Thermal 0.01 47 1b CO/ton of product

Steel mills

Beehive coke ovens 0.02 4,57 of exhaust gas by volume
Basic oxygen furnaces 0.1 3.2% of exhaust gas by volume
Sintering 2.4 500 ft3/ton

Formaldehyde 0.03 100 1b CO/ton of product




TABLE 1

PHYSICAL CHARACTERISTICS OF CO4

Molecular weight 28.01
Melting point -207°C
Boiling point -192°C
Specific gravity relative to air 0.968
Density
At 0°C, 760 mm Hg 1.25 g/liter
At 25°C, 760 mm Hg 1.15 g/liter
Explosive limits in air 12.5 to 74.27% (volume)
Solubility@
At 0°C 3,54 ml/100 ml water
At 25°C 2.14 m1/100 ml water
Conversion factors
At 0°C, 760 mm Hg 1 mg/m> = 0.800 pp
1 ppm = 1.250 mg/m
At 25°C, 760 mm Hg 1 mg/m> = 0.874 PPy
1 ppm = 1,145 mg/m

8Yolume of CO indicated is at 0°C, 760 mm Hg.
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Figure 2

ABSORPTION OF CARBON MONOXIDE
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0 cent Carboxyhemoglobin (COHb) at Various
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