5.4.3 Nitrates

The scattering efficiency of nitrates is not well known, but according to Tang et al.}? it should be
between approximately 1.1 and 7.0 m?/g at low relative humidities depending on the particle size
distribution. The lowest efficiency corresponds to a highly polydisperse size distribution (og = 2.0)
and the highest efficiency corresponds to a monodisperse size distribution (e5 = 1.01) assuming
a mass median diameter of 0.98 um which is based on measurements of Los Angeles aerosols, If
the WHITEX nitrate particles actually had a smaller mean diameter, for example if they were
similar in size to the sulfate particles, then the scattering efficiency would be higher. Results of the
regression analyses indicate that this may be true. The RH corrected scattering efficiencies when
bez: is the dependent variable are 5.5+1.5 at Hopi Point, 2.44+1.2 at Canyonlands, and 3.241.0
m? /g for all sites combined. The result for Page was negative, and also not statistically significant.

Most of the nitrate scattering efficiencies estimated by the MLR analyses (see Table 5.26) were
statistically significant, and physically reasonable. However, when the regressions were done using
bsear as the dependent variable, the results were higher than expected. No RH correction was used
when b,.,; was the dependent variable, but these results indicate that perhaps the nephelometer
does not completely dry the particles and that some RH correction is needed. 60% RH may also
be too high to use as “low” RH. Similar results were seen for sulfates.

When literature scattering efficiencies are used, the percents of fine particle scattering due to
nitrates are 5+0% at Page, 9+1% at Canyonlands, 6:1% at Hopi Point with minimum organics,
and 5+0% at Hopi Point with maximum organics. When the MLR efficiency is used, the scattering
due to nitrates are 17x1% at Page, 26+2% at Canyonlands, and 16+2% at Hopi Point with both
maximum and minimum organics.

5.4.4 Fine Soil Dust

All fine soil regression coefficients except two were statistically insignificant (see Table 5.27). The
significant estimates for the scattering efficiency of fine soil dust were 4.442.1 and 5.54+2.5 m?2 /g
These are more than 3 times greater than the consensus efficiency of 1.3 m?/g.

Using the literature scattering efficiency, the percentages of fine particle scattering due to fine
soil are 24+0% at Page, 3:0% at Canyonlands, 5+1% at Hopi Point with minimum organics, and
41+1% at Hopi Point with maximum organics.. Using the MLR efficiency, the percentages of fine
scattering due to fine soil are 3+1 at Page, 4+1 at Canyonlands, 6+1 at Hopi Point with minimum
organics, and 5+1% at Hopi Point with maximum organics.

5.5 Time Variations in the Light Extinction Budget

5.5.1 Extinction budgets for Individual Time Periods

Time plots of 12-hour averaged measured and reconstructed scattering and absorption coefficients
are shown in Figures 5.22, 5.23, 5.24, and 5.25 and in Tables 5.28-5.35. The scattering and absorp-
tion efliciencies used are the consensus literature values. Extinction due to missing particulate or
NO; data was set to zero unless the missing value was sulfate. If sulfate was missing, then the time
period was deleted. Missing data should not cause serious underestimation of the reconstructed
extinction since with the exception of NO; at all sites and coarse mass at Canyonlands, there were
very few missing data.
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Table 5.26: Summary of multiple linear regression analyses used to determine nitrate scattering
efficiency for 0% RH. Results are in m?/g.

fResult for jResult for

RH Dependent  Minimum Maximum
Site  Subgroup  Variable Organics Organics
Page All bert *.1.142.1
Pa.ge All b;cat 6.2£2.5
Page Low bers *1.6+5.2
Page Low bacat *¥3.744.7
Cany All bert 2.4+1.2
Cany All bscat 10.8+1.5
Cany Low bext 7.44+2.2
Cany Low Dacat 9.8+£2.1
Hopi All bert 5.5+1.5 5.7+1.5
Hopi All bycat 8.2+14 8.24+1.4
Hopi Low beat 8.7+4.0 9.2+4.1
Hopi Low bscat 7.81+2.3 7.812.3
All All bext 3.2+1.0 3.2+1.0
All All bacat 9.010.9 9.2+0.9
All Low bers 127419 12.7+1.9
Al Low bycat 10.2%1.2 10.5+1.2

* These values are statistically insignificant (t > 0.05).

The independent variables used for each MLR were sulfates, organics, nitrates, absorbing carbon, and coarse mass
when the dependent variable was .. When the dependent variable was b,ca¢, total carbon was used rather than
organics and absorbing carbon.

TWhen b.z: was the dependent variable and all relative humidities were included, sulfates and nitrates were mul-
tiplied by the modified Tang relative humidity functions. No RH correction was applied to the other three cases for
each site.

When the site is “All” no coarse data were included in the analysis since this would eliminate all Canycnlands
data.
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Table 5.27: Summary of multiple linear regression analyses used to determine fine soil scattering
efficiency. Results are in m?/g.

Result for Result for

RH Dependent Minimum Maximum
Site  Subgroup Variable Organics  Organics
Page All et *4.047.0
Page All baeat *.5.14+3.7
Page Low Dozt *6.246.8
Page Low Dacat *.5.246.1
Cany All bext *1.3+3.3
Cany Al bycat *.1.3+1.7
Cany Low bezt *0.0+2.3
Cany Low Dycat *.1.2+2.2
Hopi All bext 4.4+2.1 44421
Hopi Al bacat *1.7+1.2 *1.6+1.2
Hopi  Low beat 55425  5.5+2.5
Hopi Low bacar *1.141.4 *1.0+14
All All bexi *1.54+2.5 *1.3+2.6
All All bacat *.1,5+1.1  *1.6+1.1
All Low bext *3.04£2.0 *2.5%2.0
All Low bacar *1.241.2 *1.3+1.3

*These values are statistically insignificant (t > 0.05).
The independent variables used for each MLR were sulfates, organics, nitrates, absorbing carbon, and coarse mass
when the dependent variable was b.r¢. When the dependent variable was b,.q¢, total carbon was used rather than

organics and absorbing carbon.

When be:t was the dependent variable and all relative humidities were included, sulfates and nitrates were mul-
tiplied by the modified Tang relative humidity functions. No RH correction was applied to the other three cases for

each site.

When the site is “All” no coarse mass is included in the regression since this would eliminate all Canyonlands

data.
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Table 5.29: Fraction of non-Rayleigh extinction due to each chemical species at Page.

Date Total Sulfates Coarse Organics LAC Nitrates Fine Soil NO2
7.3 1.000% 0.225 0.536+ 0.128 0.013% 0.007 0.279+ 0.105 0.095+ 0.083 0.035% 0.014 0.008% 0.002 0.034% 0,006
7.8 1.000% 0.216 0.498% 0.118 0.009% 0.007 0.353+ 0.109 0.090% 0.079 0.017+ 0.006 0.004=% 0.001  0.029% 0.005
83 1.000%0.137 0.214+ 0.031 0.012+ 0.008  0.516: 0.092 0.222+ 0.058 0.008+ 0.002 0.007+ 0.001  0.022+ 0.003
88 1.000%0.136 0.817+0.117 0.052+ 0.039 SE45 . 0.042% 0.009 £, 0.090+ 0.013
9.3 1.0004 0.132 0.203% 0,029 0.030+ 0.0i4 0.410+ 0.079 0.297+ 0.063 0.011+ 0.002 0.008+ 0.001 0.041% 0.006
9.8 1.00040.142 0.268+ 0.040 -0.003% 0.013 0.389+ 0.083 0.263+ 0.088 0.022£ 0.004 0.013% 0.002 0.046+ 0.007
103 1.0004 0.149 0.199+ 0.030 0.034% 0.014 0.417+ 0.090 0.288+ 0.072 0.016+ 0.003 0.0074 0.001 0.039+ 0.006
108 1.000%0.174 0.349% 0.057 0.092+ 0.026 0.243+ 0.091 0.161+ 0.078 0.0254: 0.005 0.039% 0.008 0.091% 0.015
11.3  1.0004 0.195 0.306+ 0.053 0.076+ 0.024 0.3324 0.110 0.191% 0.090 0.024+ 0.003 k. 0.0714 0.012
11.8 1.000+ 0.170 0.284% 0.046 0.034% 0.016 0.353% 0.097 0.232+ 0.080 0.024+ 0.005 0.014+ 0.002 0.059+ 0.009
123 1.000% 0.165 0.275%£ 0.044 0.047+ 0.017 0.388+ 0.098 0.173+ 0.073 0.020+ 0.004 0.0294 0.005 0.069% 0.011
12.8 1.000% 0.147 0.385% 0.058 0.039+ 0.017 0.260% 0.075  0.188+ 0.064 0.033+ 0.005 0.018+ 0.003 0.0774 0.011
13.3 1.000+ 0.123 0.258+ 0.038  0.073x 0.020 0.355% 0.070  0.205+ 0.053 0.036% 0.005 0.012+ 0.002 0.060+ 0.008
143  1.0004 0.138 0.209% 0.030 0.155% 0.031 0.291+ 0073  0.229+ 0.063 0.022+ 0.004 0.017£ 0.002 0.078+ 0.011
143 1.000%£0.134 0.226+ 0.033 0,038+ 0.016 0.317+ 0.073  0.293+ 0.066 0,035+ 0.008 0.018+% 0.003 0.071+ 0.010
15.3 1.000& 0.126 0.203+ 0.029 0.050% 0.014 0.365% 0.073  0.253+ 0.069 0.070+ 0.010 0.014+ 0.002 0.045+ 0.008
15.8 1.000% 0.144 0.5524 0.088 0.045% 0.016 0.122+ 0.05¢ 0.108+ 0.050 0.113% 0.018 0.016+ 0.003 0.043% 0.006
16.8 1.000+0.209 0.703% 0.138 0.037+ 0.019 0.000+ 0.084 0.066+ 0.078 0,100+ 0.020 0.035+ 0.007 0.057+ 0.010
19.8  1.000% 0.419 0.527+ 0.166 0.141% 0.057 0.000% 0,215 0.120% 0.196 0.035% 0.012 0.042% 0.013  0.135% 0.042
20.3 1.0004 0.230 0.188+ 0.037 0.124% 0.032 0.2704 0,127 0.170+ 0.108 0.011+ 0.003 0.040+ 0.008 0.196+ 0.037
21.3  1.000+ 0.200 0.232% 0.041 0.107% 0.029 0.2484+ 0.108 0.193+ 0.004 0.022+ 0.005 0.031+ 0.006 0.167+ 0.029
21.8  1.000£ 0.144 0.275+ 0.042 0.059+ 0.017  0.2204 0.074 0.224+ 0.067 0.028+ 0.005  0.024+ 0.004 0.160% 0.023
23.3  1.000£ 0.137 0.334+ 0.049 0.039% 0.017  0.2224 0.067 0.280+ 0.086 0.028+ 0.004 0.021+ 0.003 0.077+ 0.011
23.8 1.000% 0.123 0.468+ 0.086 0.030+ 0.014 0.168+ 0.050 0,228+ 0.051 0.032+ 0.005 0.016+ 0.002 0.0674 0.009
24.3 1.0004 0.144 0.360%+ 0.054 - 0.246+ 0.073 0.274+ 0.069 0.0274 0.004 0.020% 0.003  0.074: 0.011
248 1.000% 0.142 0.315% 0.047 0.048% 0.016 0.221+ 0.070 0.3094 0.072 0.033% 0.008 0.015+ 0.002 0.058+ 0.008
253 1.000%+0.148 0.179+ 0.027 0.0574 0.018 0.325% 0,081 0.3394 0.077 0.025% 0.004 0.017+ 0.003 0.057+ 0.008
258 1.000£0.155 0.258+ 0.041 0.053% 0.018 0.226% 0.078 0.3374 0.081 0.047+ 0.008 0.017+ 0.002 0.063+ 0.009
26.3 1.0004 0.140 0.168% 0.025 0.061% 0.018 0.3204+ 0.078 0.3204 0.072 0.034% 0.005 0.020+ 0.003 0.067 0.010
268 1.000£0.118 0.1824 0.025 0.041+ 0.014 0.256% 0.057 0.395% 0.067 0.059+ 0.009 0.013% 0.002 0.055+ 0.007
273 1.0004 0.131 0.130+£ 0.019 0.060% 0.016 0.1594 0.058 0.481% 0.083 0.101% 0.015 0.0174 0.002 0.053+ 0.007
278 1.00040.094 0.142+ 0.018 0.036+ 0.011 0.3361 0.049 0.374% 0.052 0.068+ 0.009 0.009+ 0.001 0.036+ 0.004
283 1.000£0.13% 0.145+0.021 0.167+ 0.034 0.265% 0.072 0.296% 0.069 0.046+ 0.007 0.033+ 0.005 0.049+ 0.007
28.8 1.000+ 0.235 0.125% 0.025  0.077+ 0.023  0.000& 0.111  0.650+ 0.162  0.043+ 0.009 0.015:+ 0.003  0.089+ 0.017
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Table 5.29: Fraction of non-Rayleigh extinction due to each chemical species at Page (continued
from previous page).

Date Total Sulfates Coarse Organics LAC Nitrates Fine Soil NO2
293 1.000%£0.912 0.228+ 0.150 0,272+ 0.183 0.000% 0.478 0.076% 0.430 0,072+ 0.049 0.058% 0.038  0.293% 0.191
29.8  1.000£0.226 0.084% 0.017 0.118+ 0.030 0.340% 0.129 0.360% 0.121  0.0194+ 0.005 0.010% 0.002 0.068+ 0.013
30.3 1.000+ 0.280 0.133% 0.031 0.1324+ 0.036 0.286% 0.157 0.252+ 0.139 0.061+ 0.015 0.018+% 0.004 0.109+ 0.024
30.8 1.000%0.172 0301+ 0.074 0.037+ 0.014 0.262+ 0.082 (.222+ 0.072 0.087+ 0.022 0.018+ 0.003  0.073+ 0.012
31.3 1.000+ 0.183 0.415%+ 0.071 0.041+£0.017 0.2174£0.084 0.155% 0.081 0.075% 0.014 0.028+ 0.005 0.068% 0.011
31.8 1.000+ 0.148 0.270+ 0.043  0.029%+ 0.015  0.301+ 0.079 0.279% 0.072 0.057+ 0.009 0.023+ 0.003 0.041+ 0.006
32.3 1.000+ 0.184 0.220% 0.035 0.049+ 0.020 0.334% 0.092 0.243% 0.078 0047+ 0.008 0.040% 0.008 0.068+ 0.011
32.8 1.000% 0.137 0.256% 0.040 0.044% 0.015 0.322£ 0.075 0.233+ 0.063 0.066% 0.011 0.026+ 0.004 0.054:+ 0.008
33.3 1.000£ 0.137 0.235+ 0.035 0.040% 0.018 0.336+ 0.077  0.226+ 0.063  0.0694 0.011 0.038+ 0.005 0.062+ 0.009
33.8 1.000+0.104 0.254+ 0.034 0.027+ 0.013  0.331: 0.056 0.264% 0.047 0.060% 0.008 0.019+ 0.002  0.044+ 0.006
343 1.000+0.117 0.230£0.032 0.0374+ 0.018 0,320+ 0.083 0.287+ 0.056 0.047+ 0.00T 0.029+ 0.004 0.051+ 0.007
34.8 1,000+ 0.179 0.5404 0.118 0.022+ 0.012 0.183% 0.065 0.123% 0.055 0.073% 0.014 0.027+ 0.004 0.032+ 0.0035
35.3 1.000+ 0.154 0.343+ 0.053 0.024+ 0.013 0.285% 0.082 0.2184 0.070 0.044% 0.008 0.025+ 0.004 0.062% 0.009
35.8 1.000& 0.388 0.570% 0.169 0.0704+ 0.037 0.000% 0.196  0.328+ 0.199 k. 0.031% 0.009 - .
36.3 1.000£0.296 0.194% 0.046 0.056+ 0.025 0.488:+ 0.188  0.243% 0.144 . 0.019% 0.005 5 EdG
36.8 1.000+ 0.194 0.144+ 0.025 0.025% 0.015 0.4164 0.115  0.400% 0.108 SR r 0.0154 0.002 9 F30
37.3 1.000+ 1.052 0.590% 0.443 .. 0.000+ 0.551  0.3034 0.545 k. 0.103% 0.077 k.
37.8 1.000+ 0.139 0.885x% 0.131 k. 5 E30 i OF3E 0.115% 0.018 k.
38.3 1.000+0.295 0.234% 0.055 k. 0.467+ 0.184 0.263% 0.146 0.011+ 0.004 0.025% 0.006 k.
38.8 1.000+ 0.460 0.527% 0.181 . 0.000% 0.238 0.4084+ 0.252 0.0264 0.011  0.0404 0.014 . x.
39.3 1.000+ 0.296 0.263% 0.062 L E. 0.463% 0.185 0.231+ 0.144 0.018+ 0.006 0.026+ 0.006 -
39.8 1.000+0.172 0.236% 0.038 - 0.4784+ 0.110 0.253+ 0.081 0.018+ 0.004 0.016+ 0.003 5 E=a \/
40.3 1.000%£0.216 0.283% 0.053 0.097+ 0.029 0.335+ 0.122 0.237+ 0.104 0.021% 0.005 0.028% 0.005 - N
40.8 1.000+ 0.148 0.318%+ 0.048 0.061% 0.019 0.260+ 0.075 0.311+ 0.074 0.024% 0.004 0,027+ 0.004 .k,
41.3 1.000%£ 0,197 0.727+£ 0.163 0.009+ 0.009 0.119+ 0.044 0.088% 0.038  0.044% 0.009 0.014% 0.002 .,
41.8 1.000% 0.213 0.7441 0.186 0.016X 0.008 0.0794+ 0.022 0.1284 0.028 0.027+ 0.008 0.007+ 0.001 5630
42.3 1.000£0.179 0.725+ 0.152 0.0264 0.010 0.13240.033 0.087+ 0.026 0.020% 0.004 0.010% 0.002 Ak3n
42.8 1.000% 0.197 0.730£ 0,170  0.010+ 0.007 0.116+% 0.027 0.115+ 0.026 0.026+ 0.008 0.003% 0.001 -
43.3 1.000£0.203 0.807+0.179 0.008+ 0.009 0.092% 0.034 0.088% 0.029 0.0194 0.004 0.006+ 0.001 -
43.8 1.000+0.212 0.845% 0.195 -0.002% 0.006 0.066% 0.020 0.063% 0.018 0.023%+ 0.008 0.003% 0.001 a0
44.3 1.000+ 0.180 0.672% 0.150 ' 0,009+ 0.006 0.173+0.032 0.12840.025 0.013% 0.003 0.005+ 0.001 vk
448 1.000+ 0.165 0.617%0.104 0.038+ 0.018 0.179+ 0.068 0.119+ 0.05¢ 0.032% 0.006 0.015% 0.002 SRR
45.3 1.000%+ 2.468 0.204% 0.358 1.204+ 2,110 0.000% 1.286 -0.622+1.584 0.071+0.126 0.143% 0.250 -
45.8 1.000% 1.504 0.17840.191 0.223+ 0.249 0.000+ 0.790 0.554+ 0.920 0.013+ 0.023 0.038%+ 0.041 k.
46.3 1.000+ 0.738 0.2334 0.124 0.1874+ 0.107 0.0004+ 0.386 0.458+ 0.423  0.037+ 0.023 0.081% 0.043 o 16
46.8 1.000%+ 0.672 0.787+0.396 0.1064 0.062 0.000% 0.340 -0.049+ 0.305 0.0684 0.038 0.086+ 0.042 ok 36
47.3 1.000+ 0.856 0.923+ 0.568 0.057+ 0.058 0.000+ 0.445 0.000+ 0.398 0.020&£ 0.018 .E. .+
47.8 1.0004+ 2.454 1.13741.978 0.1184 0.226 0.000+ 1.284 -0.422+1.3690 0.039+ 0.074 0.137+0.239 L*.
48.3 1.000% 0.345 0.204% 0.054 0.0464 0.023 0.387+ 0.205  0.341+ 0.182 0.0054 0.003 0.018+ 0.005 . k.
48.8 1.000% 0.176 0.069+ 0.012 0.019+ 0.008 0.709% 0.136  0.195% 0.072 - 0.008+ 0.002 ooF 36
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Table 5.31: Fraction of non-Rayleigh extinction due to each chemical species at Canyonlands.

Date Total Sulfates Organica LAC Nitrates Fine Soil
7.3 1.000+ 0248 0.208+ 0.063 0.342% 0.142 0.273+ 0.123 0.087% 0.019 -
7.8 1.000+0.222 0.689% 0.169 0.142% 0.088 0.093+ 0.058 0.089+ 0.023 0.007% 0.001
83 1.000%0.182 0.392% 0.067 0.264% 0.095 0.3204 0.092 0.0134 0.004 0.011% 0.002
8.8 1.000+0.329 0.795+ 0.205 0.000% 0.159 0.1594 0.148  0.028< 0.009 0.019+ 0.005
9.3 1.000%0.364 0.715£0.199 0.000+ 0.183 0.176:+ 0.170 0.075+ 0.022  0.034=% 0.010
9.8 1.000+0.176 0.521%+ 0.087 0.165% 0.083 0.227+ 0.079 0,076+ 0.013  0.011% 0.002
103 1.000% 0.167  0.334+ 0.053  0.329% 0.093 0,245+ 0.079  0.082 0.014 0.010% 0.002
10.8 1.000+ 0.183  0.388+4 0.065 0.262+ 0.097 0.211% 0.085 0.127+ 0.022 0.012+ 0.002
11.3  1.000+ 0.186 0.241+ 0.042 0.530X 0.120 0.161% 0.086 0.054+ 0.010  0.013% 0.002
11.8  1.000+0.192 0.320% 0.056 0.352+ 0,110 0.259+ 0.093 0.057+ 0.010  0.013+ 0.002
123 1.000£0.191 0.211+ 0.036 0.386+ 0.112 0,353+ 0,101  0.028+ 0.006  0.021+ 0.004
128 1.000% 0.208 0.444% 0.082 0.000+ 0.096 0,503+ 0.126 0.039% 0.008  0.014+ 0.003
13.3  1.000+ 0210 0.293% 0.053  0.3434 0.120 0.307+ 0.107  0.0394 0.008  0.019+ 0.004
13.8 1.000+£0.175 0.2304 0.038 0.376+ 0.101 0.343% 0.092  0.036:+ 0.007 0.015x 0.003
143 1.000+£0.212  0.282+% 0.052 0.339+ 0,120 0.328+ 0,110  0.035= 0.007 0.017% 0.003
148 1.000+0.231  0.356+ 0.089 0.243% 0.124 0.314£ 0,119 0.067+ 0.024  0.0194 0.003
15.3  1.000+0.184 0.358+ 0.064 0,231+ 0.094 0.274+0.090 0.11240.021 0.026% 0.005
158 1.0004 0.173  0.437+ 0.105 0.247+ 0.066 0.156% 0.053 0.134+ 0.035  0.027=+ 0.004
16.3 1.000%0.260 0.764+ 0.199 0.000+ 0.088 0.111+ 0.082 0.083< 0.020 0.043% 0.009
16.8  1.000+ 0.417 0.8474 0.267 0.0004 0.208 0.048+ 0.187  0.070: 0.023 0.034% 0.011
173 1.000+ 0.466 0.5014 0.174 0.000% 0.240 0.431+ 0.261 0.0264 0.011  0.044% 0.015
17.8  1.000+0.711 0.458% 0.236  0.000+ 0,371 0.455+ 0.405 0.0424 0.023  0.045+ 0.023
18.3  1.000% 0.475 0.445% 0.157 0.000+ D.246 0.425+ 0,265 0.092% 0.033  0.038 0.013
18.8  1.000+ 0.245 0.362% 0.075 0.000+ 0.118 0.547+ 0.153 0.074+ 0.016  0.018+ 0.004
19.3  1.000+ 0.176  0.454x 0.096 0.223+ 0.076 0.274+ 0.075  0.041% 0.008  0.008+ 0.001
10.8 1.000+ 0.577 0.561X 0.237 0.000+ 0.299 0.341% 0.304 0.084+ 0.028  0.035+ 0.015
20.3  1.000% 0.768 0.4314 0.238  0.000% 0.401 0.510+ 0.456 0.009+ 0.010  0.053% 0.029
20.8  1.000+ 1.081 0.766% 0.584 0.000% 0.566 0,149+ 0.521 0.045% 0.038  D.045+ 0.035
21.3  1.000+0.589 0.543% 0.234 0.000+ 0.306 0.315+ 0.305 0.1084 0.047  0.034:% 0.015
21.8 1.000+ 0.404 0.548+ 0.168 0000+ 0.207 0.2904 0.205 0.1384 0.043  0.022% 0.007
223 1.000+£0.364 0.188:+£ 0.030 0.352+ 0.083 0.3824 0.090 0.0684 0.011  0.009+ 0.001
22.8 1000+ 0.180 0.352% 0.060 0.244+ 0.094 0.292% 0.090 0.1034 0.018  0.009% 0.002
23.3  1.000+ 0.213 0.336x% 0.062 0.272+ 0.115  0.283% 0.107 0.084+ 0.017  0.015% 0.003
238  1.000+0.194 0.363% 0.064 0.289+ 0.105 0.266+ 0095 0.069+ 0.013  0.013+ 0.002
24.3 1.000%£ 0.220 0.316+ 0.060 0.347+ 0,126 0,289+ 0.110 0.035% 0.007  0.013% 0.003
24.8 1.000+£0.382 0.611x0.178 0.000+ 0.194 0.3064 0.194 0.050+ 0.016  0.032=+ 0.010
25.3 1.0004 0.248 0.281+ 0.058 0.262:4 0.134 0.407% 0.137 0.024% 0.008  0.024+ 0.005
25.8  1.000+£0.385 0.4794 0.134  0.000+ 0.185 0.4274 0.204 0.045+ 0.014  0.047+ 0.013
26.3 1.000+£0.224 0.341+0.065 0328+ 0126 0,283+ 0.112 0.0324+ 0.007  0.016% 0.003
26.8 1.000+ 0,202 0.487+ 0.088 0.228% 0.103  0.224:% 0.094 0.042+ 0.009  0.0184 0.003
27.3 1.0004£0.200 0.398+ 0.071 0.355% 0.114 0,193+ 0.092 0.030+ 0.006  0.025% 0.004
278 1.000+ 0.310 0.507+ 0.125 0.000+ 0.154 0.443+ 0.175 .E. 0.050+ 0.012
28.8 1.0004 5.261 -0.840% 3.127  0.000+ 2,780 2,180+ 8.480 k. -0.320+ 1.191
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Table 5.31: Fraction of non-Rayleigh extinction due to each chemical species at Canyonlands (con-

tinued from previous page).

Date Total Sulfates Organics LAC Nitrates Fine Soil
29.3 1.000% 7.487 2.069+ 10.903 0.000% 3.941  -1.4414 8.407 0.029+ 0.195  0.353%+ 1.869
29.8 1.000+ 0.831 0.347+ 0.210  0.000% 0.435 0.209+ 0.427 0.315+ 0.191 0.039+ 0.023
30.3 1.0004+ 0.396 0.185% 0.057 0.000x 0.202 0.598% 0.254 0.185% 0.057 0.031%+ 0.009
30.8 1.000% 0.5T0 0.386+ 0,162  0.000x 0.297 0.261+ 0.287 0.308+ 0.130 0.043% 0.018
31.3  1.000+ 0.461 0.485+ 0.167  0.000+ 0.237 0.344% 0.243 0.1004 0.035 0.071+ 0.024
31.8 1.000% 0.385  0.459+ 0.135 0.0004+ 0.187  0.364+ 0.205  0.070+ 0.021  0.107+ 0.031
32.3 1.0004 0.513 0.4894+ 0.185  0.000+ 0.266 0.320+ 0.267 0.0714 0.028  0.120+ 0.045
32.8 1.000% 0.464 0.504+ 0.174  0.000+ 0.239 0.305+ 0.238 0.080+ 0.029 0.111 + 0.038
33.3  1.000£ 0.270 0.310+ 0.068  0.312+ 0.152 0.226+ 0.131 0.063+ 0.014 0.088 % 0.019
33.8 1.000+0.388  0.527%0.156 0.000% 0.200  0.195% 0,187  0.113+ 0.034 0.163 X 0.048
34.3 1.000% 0,372 0.389+ 0.111  0.000:x 0.150 0.320% 0.193 0.123% 0.036  0.168 £ 0.047
34.8  1.000+ 0.229 0.652+ 0.158 0,000 0.072 0.140% 0.070 0.181+ 0.061  0.027 X 0.005
35.3  1.0004 0.281 0.5624 0.134  0.000% 0.135 0.289+ 0,137 0.099+ 0.024 0.049 % 0.011
35.8  1.000+ 0.677 0.5244 0.258  0.000% 0.353 0.297+ 0,348 0.131+ 0.085 0.051 + 0.025
36.3 1.000+ 1.590 0.857+ 0.968 0.000% 0.832 -0.062+ 0.749 0.106% 0.120 0.106 % 0.119
36.8 1.000+ 0.707 0.414% 0.211 0.000:£ 0.370 0.432+ 0.397 0.100+ 0.052 0.051 X 0.026
373  1.000% 0.575 0377+ 0.15¢  0.000+ 0.301 0.326% 0.302 0.237+ 0.100 0.060 £ 0.025
37.8 1.000% 0.321 0.2844 0.071  0.424+ 0.194 0.087+ 0.147 0.173+ 0.044 0.032 + 0.008
38.3 1.000% 0.283 0.256+ 0.068 0.411% 0.170 0.191% 0.135 0.1154 0.027 0.026 % 0.006
38.8  1.000% 0.488 0.5784: 0.209  0.000% 0.252 0.179% 0.234 0.200+ 0.073  0.043 X 0.016
38.3  1.000+ 0.258 0.2544 0.054  0.3484 0.149 0.2824 0.131 0.084+ 0.019 0.031 £ 0.007
39.8 1,000+ 0.228 0.252+ 0.049  0.357+ 0.130 0.307+ 0.115 0.072+ 0.015 0.011 £ 0.002
40.3  1.000£ 0,212 0.196+ 0.036  0.430+ 0.129 0.309+ 0.108 0.048+ 0.010 0.016 x 0.003
40.8  1.000% 0.340 0.401% 0.106 0.0004 0.172 0.485+ 0.199 0.0804+ 0.022 0.034 X 0.009
41.3  1.000% 0.295 0.541+ 0.128  0.000% 0.146 0.334% 0.152 0.087+ 0.022 0.036 x 0.009
41.8 1,000+ 0.193 0.563+ 0.121 0.158+ 0.076 0.213+ 0.073 0.052+ 0.011 0.013 + 0.002
42.3  1.0004 0.185 0.519+ 0.089  0.288+ 0.097 0.1631 0.080 0.015+ 0.004 0.015 + 0.003
42.8 1.000+ 0.242 0.881+ 0.194  0.000:+ 0.089 0.0844 0.081 0.020+ 0.008 0.015 + 0.003
43.3  1.000+ 0.162 0.597+ 0.123  0.298:+ 0.055 0.069+ 0.029 0.030+ 0.006 0.005 £ 0.001
43.8  1.000+ 0.439 0.878+ 0.411  0.034+ 0.020 0.0204 0.016 0.065+ 0.035 0.003 % 0.001
44.3  1.000% 0.239 0.905+ 0.212 0,000 0.061 0.045+ 0.055 0.039% 0.009 0.011 % 0.002
44.8  1.000% 0.244 0.541+ 0.145  0.193% 0.104 0.1764 0.003 0.065+ 0.020 0.025 £ 0.005
45.3 1.000+ 15.224 3.588+ 38.628 0.0004 8.000 -5.882+4 63.727 0.647+ 6.968  2.588 £27.863
45.8  1.000+ 1.618 0.625+ 0.719  0.000+ 0.850 0.256+ 0.817 0.044% 0.056 0.075 + 0.086
46.3  1.000% 0.843 0.244% 0.149  0.000% 0.440 0.661% 0.562 0.0494 0.032 0.046 + 0.028
46.8  1.000%£ 0.502 0.823% 0.436  0.000% 0.100 0.014% 0.099 0.152+ 0.076  0.012 & 0.004
47.3  1.000z% 0.391 0,983+ 0,311 0.0004 0.172  -0.060% 0.155  0.078% 0.032 5 E3 6
47.8  1.000+£ 0.262 0.891+ 0.192  0.0004+ 0.116 0.064+ 0.105 0.028+ 0.008 0.018 + 0.004
48.3  1.000+ 0.381 0.8794 0.256  0.000% 0.188  0.0604+ 0.169  0.036% 0.011 0,027 + 0.008
48.8  1.000+ 0.483 0.8064+ 0.289  0.000+4 0.246 0.160+ 0.227 AR 0.035 + 0.012
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Table 5.33: Fraction of non-Rayleigh light extinction due to each chemical species at Hopi Point
when maximum organics are used.

Date Total Sulfates Coarse Organics LAC Nitrates Fine Soil
9.3 1.000+0.371 0.425% 0.120 0.024% 0.021 0.272+ 0.205  0.235% 0.182 0,024+ 0.007 0.021% 0.006
9.8 1.000% 0.481 0.429% 0.153  0.033+ 0.027 0.2504% 0,265  0.230% 0.237  0.030% 0.011 0.030% 0.011

10.3  1.000+ 0.536 0.315% 0.124 0.038+ 0.029 0.280% 0.299  0.294+ 0.275  0.020% 0.010 0.058+ 0.023
10.8  1.000% 0.741 0.521+ 0.279 0.064:+ 0.050 0.386+ 0.438 -0.0404 0.346  0.019 0.013 0.051+ 0.027
11.3  1.000% 0.452 0.455:% 0.153  0.044+ 0.028  0.234% 0.247  0.210+ 0.221  0.012% 0.008  0.046+ 0.016
11.8  1.000+ 0.496 0.393x 0.144 0.037+ 0.026 0.2564 0.274 0.275+ 0.250 0.0114 0.007 0.026% 0.010
123 1.000+ 0.651 0.229% 0.108 0.041+ 0.030 0.339:+ 0.375  0.353:+ 0,346  0.002+ 0.007 0.036 0.017
12.8  1.000+ 0.475 0,118+ 0.042 0.020+ 0.020 0.707+ 0.348  0.120+ 0.222  0.000:4 0.005 0.024% 0.009
13.3  1.0004 0.793 0.128% 0.073 0.052% 0.042 0.500+ 0.503  0.274+ 0.403  0.009+ 0.008 0.040% 0.023
13.8  1.0004+ 0.516 0.2944 0.112 0.052+ 0.034 0.268+ 0.287 0.317+ 0.268  0.030+ 0.012 0.041 0.015
143  1.000+ 0.341 0.384% 0.101 0.042+ 0.024 0.174+ 0.180 0.268+ 0.170  0.097+ 0.027 0.034+ 0.009
14.8  1.000+ 0.160 0.364+ 0.057 0.038+% 0.014 0.251+ 0.082 0.2664 0.076 0.069+ 0.011  0.013+ 0.002
153  1.000% 0.243 0.409+ 0086 0.076+ 0.028 0.119+ 0.121  0.244+ 0.117 0,135+ 0.020  0.018+ 0.003
15.8 1.000+ 0.231 0.673% 0.159 0.0514 0.020 0.084% 0.086 0.039+ 0.076 0.140+ 0.031  0.012+ 0.002
16.3 1.000+ 0.194 0.666+ 0.118 0.048+ 0.019 0.084% 0,085 0.097+ 0.077 0.106+ 0.019 ..

16.8  1.000+ 0.180 0.718+ 0.131 0.032+ 0.011 0.064% 0.064 0.093+ 0.058 0.076:+ 0.014 0.016z 0.003
17.3  1.000+ 0.377 0.481% 0.138 0.096+ 0,040 0.193+ 0.201 0.152+ 0,179  0.040% 0.013  0.039+ 0.011
17.8  1.000% 0.590 0.387% 0.167 0,102+ 0.055 0.309+ 0.335  0.146+0.283  0.013+ 0.007 0.043% 0.019
18.3 1.000+ 0.729 0.240% 0.127 0.096+ 0.060 0.383% 0.431 0.23440.362  0.0194 0.011  0.030+ 0.016
18.8 1.000+ 0.677 0.212+£0.105 0.081+ 0.049 0.356+ 0.394  0.289+ 0.347  0.020+ 0.014  0.042+ 0.021
193 1.000+ 0.522 0.330% 0,120 0.060% 0.031 0.272+ 0.290 0.2784 0.265 0.027+ 0.014 0.033+ 0.013
19.8 1.000+ 0.284 0.776+0.229 0.028+ 0.011 0.081+ 0.083  0.089+ 0.075 0.015+ 0,005 0.010% 0.002
20.3 1.000+ 0.417 0.493%0.155 0.097+ 0.041 0.213% 0.224 0,129+ 0.196  0.026% 0.009 0.041% 0.013
20.8 1.000+ 0.450 0.404% 0.136 0.0894 0.039 0,232+ 0.245 0.217+£0.220 0.019+ 0.007 0,039 0.013
21.3 1,000+ 0.582 0.225%1 0.096 0.101+ 0.052 0.339% 0.337  0.293+ 0.289 0.011+ 0.006 0.033+ 0.014
21.8 1.000+ 0.814 0.255% 0,150 0.102+ 0.068 0.425% 0.493 0.163+ 0.393  0.009% 0.008  0.046+ 0.027
22.3  1.000% 0.668 0.173% 0.084 0.066+ 0,040 0.359+ 0.390  0.366+ 0.360  0.000+ 0.005 0.036+ 0.018
228 1.000+0.754 0.136% 0.074 0.108+ 0.068 0.394% 0.449 0,314+ 0.350  0.0084 0.007 0.039+ 0.021
23.3 1.0004 0.510 0.267+ 0.100 0.086+ 0.041 0.265% 0.283 0.319% 0.266 0.033% 0.013  0.031+4 0.012
23.8 1.000+0.380 0.238+0.069 0.081+ 0.030 0.2094 0.205 0.384+ 0.207 0.042+ 0.013  0.046+ 0.014
243 1.000+ 0.580 0.138% 0.060 0.141+ 0.069 0.3084 0,334 0.353+ 0.313  0.027+ 0.013  0.033+ 0.015
24.8 1.000x 0.525 0.123%f 0.048 0.115+ 0.051 0.552% 0.345 0.161+ 0.251 0.010% 0.005 0.038+ 0.015
25.3 1.000%1.118 0.021+0.021 0.235% 0.193 0.585% 0.750 0.004% 0.526  0.004% 0.009 0.154:+ 0.123
25.8 1.000+1.039 0.028+0.024 0.157+0.123 0.546% 0.681 0.185% 0.508 0.004+ 0.009 0.080+ 0.060
26.3 1.000% 0.580 0.089+ 0.030 0.087+ 0.035 0.326+ 0.332 0.490% 0.341 0.011% 0.008 0.035+ 0.015
26.8 1.000+ 0.619 0.085+ 0.039 0.096+ 0.051 0.322+ 0.354 0.452+ 0.352 0.016% 0.009 0.031% 0.014
27.3 1.000%+ 0.645 0.270+0.126 0.110% 0.061 0.338% 0.372  0.184% 0.313  0.0104 0.007 0.088% 0.041
278 1.000£ 0.335 0.3964 0.108 0.108+ 0.037 0.182+ 0.189  0.234+ 0.175 0.013+ 0.005 0.067+ 0.018
28.3 1.000£0.355 0.2784+ 0.076 0.131+:0.044 0.1831 0.189 0.306+ 0.184 0.032% 0.010 0.071=% 0.020
28.8  1.000+ 0.309  0.399+ 0.098 0.139% 0.041 0.157+ 0.160  0.219+ 0.149  0.044+ 0.012  0.044+ 0.011
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Table 5.33: Fraction of non-Rayleigh light extinction due to each chemical species at Hopi Point
when maximum organics are used (continued from previous page).

Date Total Sulfates Coarse Organics LAC Nitrates Fine Soil
29.3 1.0004 0.391 0.251% 0.075 0.201+ 0.068 0.232+ 0.213  0.201% 0.190 0.046% 0.015  0.070+ 0.021
29.8 1.000£0.344 0.337+0.091 0.169+ 0,053 0.176+ 0.183 0.193% 0.165 0.055+ 0.016 0.071+ 0.019
30.3 1.000+0.361 0.211+0.059 0.169+ 0.055 0.185+ 0.193  0.303% 0.186  0.025+ 0.008 0.094=+ 0.026
30.8 1.000% 0.276 0,794+ 0.230 0.047+ 0.015 0.069+ 0.070 0.013% 0.061 0.057+ 0.023  0.022+ 0.005
31.3 1.000% 0,234 0.629:+ 0.155 0.046% 0.015 0.088% 0.089 0.124% 0.082 0.057+ 0.013 0.056+ 0.011
31.8 1.000k 0.405 0,264 0.081 0.096+ 0.037 0.209+ 0.219  0.285% 0.208  0.060% 0.019 0.087% 0.026
32.3  1.000% 0.566 0.078: 0.033 0.122+ 0.058 0.339+ 0.326  0.293% 0.280 0.021% 0.009 0.147+4 0.061
328 1.000+ 0.854 0.101% 0.062 0.237+ 0.153 0.448% 0.523 -0.081+ 0.402 0.0194 0.013  0.276+ 0.169
33.3 1.00040.831 0.095+ 0.044 0.191+ 0,095 0.3294 0.363 0.110£ 0.298  0.0194 0.010 0.253% 0.118
33.8 1.000% 0.505 0,121+ 0.045 0.136+ 0.085 0.287£ 0.283 0,290+ 0.257 0.021+ 0.009  0.148+ 0.055
34.3 1.000+ 0.293 0.533+ 0.124 0.069+ 0.030 0.147+ 0.150 0.189% 0.137 0.015% 0.004 0.068% 0.018
34.8 1.000+ 0.231 0.820+ 0.189 0.021+ 0.010 0.0894 0.072 0.033% 0.063 0.023% 0.008 0.013% 0,003
35.8 1.000% 0.244 0.803%1 0.205 0.013+ 0.007 0,060+ 0.061 0.086+ 0.056 0.023% 0.009 0.014% 0.003
35.8 1.000% 0.322 0.614+ 0.156 0.037+ 0.018 0.160% 0.166 0.1304 0.147 0.023+ 0.008 0.036+ 0.009
36.3 1.000% 0.767 0.257+ 0.142 0.090+ 0.060 0.4024 0.458 0.185+ 0.374  0.006+ 0.007 0.0524 0.029
36.8 1.000% 0.697 0.171+0.086 0.110+ 0.064 0.366% 0.409 0,306+ 0.361 0.000+ 0.006 0.050=+ 0.025
37.3 1.000% 0.622 0.226+0.102 0.102+ 0.053 0.326% 0.358  0.284+4 0.318 0.007+ 0.006 0.058+ 0.026
37.8 1.000+ 0.741 0.261%£0.139 0.112+ 0.069 0.389+ 0.440 0,168+ 0.358 0.008% 0.007 0.062+ 0.033
38.3 1.000x0.725 0.3124£0.163 0.103+ 0.064 0.379% 0.428 0.145%+ 0.348 0.003+ 0.006 0.058% 0.030
38.8 1.000+£0.771 0.261+0.145 0.109+ 0.070 0.402+% 0.460 0.170£ 0.372  0.003+ 0.006 0.056+ 0.031
39.3 1.000+ 0.617 0.241+ 0.108 0.084+ 0.047 0.323+ 0.354¢  0.302% 0.318  0.005% 0.005 0.046% 0.021
39.8 1.0004 0439 0.3294 0.108 0.119+ 0.051 0.227+ 0.239  0.269+ 0.222 0.010% 0.006 0.045% 0.015
40.3 1.000: 0.330 0.341+ 0.087 0.106% 0.038 0.168+ 0.174 0.3204 0.171  0.012+ 0.004 0.054% 0.014
40.8 1.000% 0.245 0.577+0.122 0.064+ 0.024 0.1164 0.118 0.186% 0.110  0.024:+ 0.007  0.033% 0.007
41.3 1.000+ 0.218 0.657+ 0.145 0.043% 0.017 0.083+ 0.084 0.158% 0.079  0.030% 0.007 0.029% 0.005
41.8 1.000£ 0.401 0.802% 0.358 0.010% 0.008 0.043% 0.045 0.069% 0.044 0.070% 0.037  0.007+ 0.002
42.3 1.000£ 0.217 0.741+ 0.177 0.004% 0.009 0.096+ 0.055 0.145% 0.054 0.014+ 0.004 ..
42.8 1.000x 0.512 0.937+ 0.495 0.002+ 0.003 0.0184 0.020 0.015% 0.017 0.026+ 0.012 0.002+ 0.001
43.3 1.000+ 0.215 0.682% 0.137 0.009+ 0.014 0.0904 0.091  0.183+4 0.087 0.021+ 0.005 0.015+ 0.003
43.8 1.000+ 0.261 0.611+0.132 0.012+ 0.017 0.127+0.129 0.197+ 0.120 0.033% 0.009  0.020+ 0.004
44.3 1.000% 0.361 0.308% 0.086 0.018+ 0.024 0.1841+ 0.191 0.416+ 0.201 0.050% 0.015 0.025% 0.007
44.8 1.000% 0.405 0.392% 0.144 0,012k 0.018 0.200% 0.209 0.253+ 0.195 0.096+ 0.034 0.046%+ 0.014
45.3 1.000+ 1.656 0.128% 0.153 0.030+ 0.071 0.8724 1.346 -0.104+ 0,784 0.018% 0.028 0.061% 0.072
45.8 1.000+ 1.720 0.057+ 0.072 0.127% 0.168 0.898+ 1.418 -0.140+ 0.820 0.000+ 0.013 0.057% 0.070
46.3 1.000+ 0.554 0.081% 0.034 0.053%+ 0.029 0.288+ 0.311 0,509+ 0.329 0.039+ 0.016 0.028+ 0.012
46.8 1.000% 0.446 0.302+ 0.108 0.090%+ 0.035 0.229+ 0.241 0.237+ 0.218 0.076+ 0.028 0.066+ 0.022
47.3 1.000+ 0.800 0.443% 0.256 0.2084+ 0.126 0.416% 0.481 -0.094% 0.376 0.029% 0.020 .Ex.
47.8 1.000+ 0.878 0.1184 0.076 0.105+ 0.074 0.461+ 0.545 0.278+ 0.446 0.010+ 0.012 0.029+ 0.019
48.3 1.000% 1.477 0.519+ 0.545 0.066+ 0.085 0.773+ 1.122 -0.431+ 0.824 0.0004+ 0.011  0.066=x 0.069
48.8 1.0004 0.911 0.443% 0.290 0.077+ 0.064 0.477% 0.570 -0.050% 0.427 L E 0.054+ 0.035

5-54



S0000'0 F 0S000°0

£0000°0 F 01000°0

€2100°0 ¥ SL100°0

9£100°0 F 000000

61000°'G F [8000°0

ZE000°0 F 96200°0

L8100°0 F T1900°0

ZS100°0 FSLS00°0

¥0000°0 F 9£000°0  Z0000'0 F 00000  £Z100°0 F $2000°0  SETI00°0 F 00000°0 FI000'0 F SHO00'0  Z1000°0 F O1T000 981000 F 0LZ000 6£100°0 FSHHO00 €28
10000'0 ¥ £10000  Z0000°0 F 200000  ¥ZI000 F Z6100°0  LET00'0 F 000000 ZI000'0 F [¥000°0 SO0000 F 9C000°0  9]T00°0 F §8200°'C  CI1100°0 FSSI000 92
20000°0 F 910000 £0000'0 F SO000'0  FZIOD0 F 132000 LE100°C F 000000 010000 ¥ 0E0000 00000 F [C000°0  SST00'0 F FOCOO'C  €Z100°0 FSLI000 €92
Z0000°0 F 030000 00000 ¥ 100000  ZZ100°0 ¥ OF0000  SE100°0 F 00000°0  [1000°0 F 6E000°0 E0000°0 F £000G°0  £8T00°0 F £I100°'C  66000°0 FOFOOO'0  §'ST
#0000°'0 F SE000°0  Z0000'0 F 100000  £2100°0 F 100000  LE100°0 F 00000°0 ZI00O'0 F SS000°0  £0000°0 F S00000  PSI00°0 F 160000  2Z100°0 FSIE000 €'ST
700000 ¥ 610000  ZONDO'0 F S0000°0  £2100°0 F 180000 OFIO00 F 8LZ00°0  FI000°0 F §S000°0  20000°0 F £9000°0  LBI000 F FOS00'0  SII00°0 FSOZ000 §'HT
200000 F SI000'0  £0000°0 F 210000  VZI0O'0 F 8S100°0  SEL00°0 F 00000°0 91000°0 F €9000°0 00000 F 90000 981000 F 1IL00C  ZCI00'0 FS9L000 Eb
FO000'0 F £0000°C  €0000°0 ¥ 0P000°0  SZI00°0 T PLZO0'C  OFIOO'0 F 000000 SE000°0 F 850000 GI000'0 ¥ OLI000  Z6100°0 F $9900°0 “F 8ET
20000°0 F 910000  £0000°0 F L1000°0 STI000 F 991000  SE100°0 F 000000 FI0000 F SPO00C  ST000°0 F 6E100°0  L8100°0 ¥ £9E00°0  9L100°0 FOIFOO0 E'ET
20000°0 ¥ P10000 00000 F £0000°0  LZIOU0 F £1100°0  ZFI00'0 F 000000 £LO0C'0 F GEODO'0 900000 F 6¥000°0 16100°0 ¥ 6I200C  FOL0G'0 FOB000°0 8'IT
00000 F F1000°0 200000 F 000000  $ZI00°0 F FFT000  BETI00°0 F 000000 010000 F 920000 800000 F 89000°0 98100°0 F ZSZ00'C  ©L100°0 FSLZOO0 €22
00000 ¥ SI000°0  ZO00O'0 F £0000°0  $Z100'0 F £5000°0  SCT100°0 F 000000 110000 F ££000°0  60000°0 F €8000°0  98T00°0 F 221000 SOT00°0 FSOI000 912
200000 F ST000°0  Z0000'0 F S0000°0  SZIODO F PEIOC'0  6£100°0 F 000000  FI000'0 F 9F000°0 11000°0 F £0100°0 ZS100°0 F £0£00'C  FEI000 FOGED00 € IZ
Z0000'0 F £Z000°0  T000CO F [1000°0  ¥Z100°0 F 62100°0  SEI00°0 F 000000 9I000'C F £5000°0 9Z000°0 F OPZOC0  SBTOG-0 F SSFOO'0  8¥100°0 FOLS000 90T
£0000°0 ¥ LZ000'0  £0000°0 F LI000'0  LZIO00 F S8000°0C  [¥100°0 F 000000 6I000°C F #9000°0  SEO00'0 T 97E00°0  ¥6I00°0 F 022000 L1000 FOIS000 € OT
Z0000'0 F 81000°0  §0000°0 F LI000'C  ZET000 F €9100°0  LP100°0 F 000000 LI0D00 F £5000°0 LOS00°0 F LIFI00  99E00°0 F 8L910°D “F 861
Z0000°0 F LI000'0  S0000°0 ¥ FI000'0  9Z100°0 F CPI00C  OPTO0'0 F 000000  [I000°0 F IE0D0'0  ZZ0OO'0 F OLIOO0 06100°0 F $L£00°0 SLI000 F00S000 £6I
200000 F L1000°0  +0000'0 F 800000 62100°0 F 211000  PPIOD0 F00000°0 ZI000'0 F €5000°0 OI000°0 F 9800000 #6000 F 192000  9Z100°0 FSIE000 &8I
10000'0 F 110000 200000 F 200000 VZIOO'0 F SS000'0  GEI00°0 ¥ 00000°0 ZI0000 F SE000°0 O10000 F LS000'0  2BI00°0 F STZ000  69100°0 FOBLOC'0 €8I
T0000°0 F OZ000'G  ZOOOO'0 ¥ 900000  LZT00°Q F 29000°0  ZPIOO'0 F 000000 910000 F LFOO0'0 6100070 F 8L100°0 Z6100°0 F 81200°0  ZVIO0'0 FSLPOO0 L1
£0000°0 F 62000°0  S0000°C F 0£000°'0  6Z100°0 ¥ £1T00°0  EFI00°0 F 000000 €Z0000 F TL000°0 SEO00'0 F LSEO0'0  96100°0 F 66500°0 STI00°0 FOEK00'0  £LT
F0000°0 F SE000°0  £Z000°0 F LLIOC'O  VET00'0 F 81Z00'0  SFIN00 F 000000  $Z0OO'0 F SL000'0  SIZD00 F TEYIC0 862000 F 161200 “F 891
‘F 220000 F TRI000  OCI00'0 ¥ 89T00°0  ¥FIO0'0 F 000000 OC000'0 F ZROO0'0 6Z100°0 F SFII00  9ETO00 F 085100 TF 291
0000°0 F 020000 SE000°0 F SEZ00°0  9ZIOO'0 F 990000  T¥I00°0 F 000000 0E000°0 F 980000  Z6100°0 ¥ 9ZIT00  £LT000 F £ESI00 “F 851
200000 F 220000  ZZ000°0 F 191000  SEI00'0 F ZOLOO'0  LPIOO'O F 00000°C OE000'0 F F60000  T9000°0 F 90S00°0  ZIZ0O'O ¥ 160T0°0 897000 FOELIO0 £ST
£0000°0 ¥ 92000°0 91000°0 F SET00°0  SCIO00 F ZZSOU'0  TS100°0 F H6HO0'0 920000 F $L0000  BLO0O'0 F SLLO00  IZIOO0 F 99610°0 FHZOO'0 FOGFIOD ®¥I
£0000°0 ¥ 82000°0 OT00G°0 F 620000  SZI00'0 F 81200°0  I¥100°C F 000000 810000 F PEOOO'  £L000'0 F ZIE000 961000 F 0L900°0 S1Z00'0 FOOZIOD EFI
Z0000'0 F ZZ000°0 £0000°0 F 91000°C  0E100°0 F 0L100°0  FFI00'C F 000000  SIO00'0 F 8Z000°0  LI0DO'0 F BSTOO0  S6100°0 F C6C00'0  SEI00°0 FOCHOO'D &€l
Z0000'0 F £1000°0  £0000'0 F £0000'0  £Z100°0 F 060000  9E100°0 F 000000 010000 F ZI0000 S0000°0 F ZFO000  €8100°0 F FOI00'0  FZI00'0 FO6Z00'0 €E€I
Z0000°0 ¥ PIOOO0  €0000°0 F 00G00'0  9ZT000 F 69000°0  FI00°0 F SOF000  OL0O00'C F L1000°0  §0000'0 F 890000 F6LOU0 F L5000 00L00°0 FSS0000 SZI
Z0000°0 F ST00C'C  £0000°0 F 100000 §ZI00'0 ¥ SFTI00'0  ZFI0O0 F 000000 0I000'C F LI000'0 TI000'0 F 86000°0  Z6100°0 F 217000  LF100°0 FOLS00D €ZI
Z0000°0 F ¥10000  £0000°0 F 900000  ST1000 F 6FI00C  6EI00°0 ¥ 000000 ZI000'C F OZOOO'0 €Z000°0 F £IZ000  68100°0 F £OPOOD  CPI00'0 FSEH00'0 811
£0000°0 F LZ0000 £0000°0 ¥ 2000000 £2100°0 ¥ £2100°0  L£100°0 F 000000  ¥#1000°C F 9Z000°0 SZ00O'C T 99200°C  L8100°0 F 8PFO0'0  09T00'0 F0S9000 €11
00000 F 6100070  £0000°C ¥ 20000°0 OEI000 F S1000°0-  SPINO'C F 000000 VI000'0 F $Z0O0'0 120000 T 96100°C  96100°0 F IEZ000  OFTO0'D FOSHOO'0 0T
£0000°0 F 6Z000°0  £0000°0 ¥ 010000  LZI000 F 8¥I00'0  [FI00'0 F 000000 €1000°0 F 610000 LIODOC T 651000 06I00°0 F FOGO0D  SSTO0'0 FO0S00'0 €01
00000 F LI000°0 £0000°0 F L1000°0  SZI00'0 F ZE100°0  €FIGO0 F 000000 ¥I000°0 F 61000°0  9Z000°0 F 9¥Z00°0  F6100°0 F OCHOO'D  SHI00'0 FSEHOOD 6
£0000°0 F 91000°0__£0000°0 F 8100070 O£I000 F BLI00°0__ SPI00°0 F 000000 $1000°0 F 810000 ¥E000°0 ¥ ZZEOO0  S6100°0 F 2SS000  SPI00'0 FOES000 €6
llog Jutg safRnIN ov1 ouedig asIvon seymg L, pormswopy =T

5-55

‘Buneyyeds YSejfey opn[dour jJ0U Op UOHIUNXI PAINSEIU
pue [e0) oY, "Pasn are sd{uedio wnwiuim uaym Juiod Idof] 1e sepads resrwayd yrea 0y anp (,_w3) SR> UOHIUNXY FEC AqEL,

J J J



N

)

9FZ00'0 F GIOFG'0
00000°0 F 0£000°0

Z0000°0 F 91000°0
10000°0 F Z1000°0
1000070 F 6000070
“F
F0000°0 ¥ THO00'0
Z0000°0 F ¥1000°0
100000 F 6000070
10000°0 ¥ 01000°0
£0000°0 F TE000'0
Z£0000°0 F 81000°0
Z20000°0 F ZZ000'0
£0000°0 F £2000°0
20000°0 ¥ S1000°0
X
00000 F TTO00'0
$S0000°0 F 6¥000°0
FOG00"0 F OPO00°0
S0000°0 F SF000°0
£0000°0 F LZ0OD'0
Z0000°0 F 020000
200000 F 610000
¢0000°0 F 120000
Z0000°0 F TT000'0
£0000°0 F STO000
T0000'0 F 81000°0
T0000°0 F 8100070
€0000°0 F 0£E000°0
¥0000°0 F PEOO00
€0000°0 F LT000°0
L0000°0 F ¥9000°0
80000°0 F 8L0000
11000°0 F 90100°0
60000°0 F $8000°0
L0000°0 F 0L000'0
90000°0 F 8S000'0
01000°0 F £6000°0
$0000°0 F £F000'0
800000 F 1L000°0
900000 F 9S000°C
S0000°0 F LF000'0
F0000°0 F 6£000°0
90000°0 F +S000°0

S9E00°0 F FLOFOQ
Z0000°0 F YEDOO'O

* F 000000
00000 F 0000070
€£0000°0 ¥ £000070
¥0000°0 F 010000
600000 F L¥000°0
£0000°0 F 610000
Z0000°0 ¥ 0000070
€0000°0 F £0000°0
¥1000°0 F 99000°0
90000°0 F LEGOO'O
L0000°0 F 920000
900000 F 220000
030000 F $6100°0
800000 F LE0OGO0
86000°0 F 0ZZ00°0
60000'0 F 15000°0
90000°0 F 62000°0
Z0000°0 F 01000°0
£0000°0 F 90000°0
00000 F 00000
20000°0 F 100000
€0D0D'0 F 1000070
000070 F £0000°0
2000070 F €0000°0
20000°0 F 00000'0
Z0000°0 F 200000
S0000°0 F 610000
61000°0 F 950000
¥I000°0 ¥ 9¥000°0
€0000°0 F ¥1000°0
£0000°0 F 110000
Z0000°0 F 80000°0
200000 F 90000°C
Z0000'0 F 01000°0
90000°0 F 0F000'0
S$1000'0 ¥ ¥6000°0
1F000°0 F ¥1100°0
¥0000'0 F 610000
200000 F €F000°0
S0000°0 F 12000°0
90000°0 F 60000
¥0000°0 F $Z000°0

STTTO0 F PROSLO
YI000°0 F 6€100°0

LE100°0 F S1000°0-
SZTI00°0 F 8L0000-
921000 F S8000°0
LZLOO0 F TEOOD'0-
LZ100°0 F LF1000
621000 F 152000
9Z100°0 F ZT000 -
LZ100°0 F L1000°0-
STI00°0 F SL100°0
SZI00°0 F SOL00°0
STI00°0 F SIZ000
8Z100°0 F ¥8Z00°0
¥Z100°0 F 91100°0
62100°0 F 18€00°0
FZ100°0 F 91200°0
LZI00°0 F 99200°0
LZI00°0 F €TZ00°0
LT100°0 F S9200°0
€£2100°0 F 1910070
STI00°0 ¥ OE100°0
£Z100°C F 850000
ZZ100°0 F T9000°0
FZ100°0 F 02000°0
9Z100°0 ¥ ZT100°0
6110070 ¥ L1100°0
£T100°0 F L9000°0
0Z100°0 F 8010070
210070 F T0E00°0
9T 100°0 F 990000
S$T100°0 ¥ 09T00°0
PZ100°0 F €S100°0
£2100°0 F 9H000°0
€T100°0 F STO000-
9Z100°0 F 6£100°0
LTI00°0 F 1610070
TEL00°0 F SOTO0'0
€T100°0 F ST000'0
LZ100°0 F 8ZZ000
€Z100°0 F 051000
TTI00°0 F SEt000
9Z100°0 F 9610070
921600 F 1£200°0

OF1Z0°0 F $1020°0
910000 F SLO000

1000 F 000000
OF100°0 ¥ 000000
T¥100°0 ¥ 000000
ZF100°0 F 00000°0
ZFL00°0 F 0000070
<¥100°0 F 00000°G
ZF100°0 F 00000°0
EF100°0 F 000000
8E100°0 F 0000070
SE100°0 F 0000070
S£100°0 F 000000
6£100°0 F 00000°0
SET100°0 F 0000070
LET000 F 00000°0
LE100°0 F 0000070
GETOD'C F 000000
6£100°0 F 000000
6E£100°0 F 00000°0
91000 F 000000
6E€100°0 F 00000°0
LET00°0 F 00000°0
9E£100°0 F 00000°0
6£100°0 F 00000°0
0¥100°0 ¥ 0000070
££100°0 F 000000
S$€100°0 F 000000
€E100°0 F 00000°0
1¥100°0 F 000000
1F100°0 ¥ 000000
6E100°0 F 00000°0
8€100°0C F 00000°Q
SET00°0 F 00000°0
SET100°0 F 00000°0
0F100°0 F 000000
0r100°0 F 00000°0
SPT00°0 F 00000'0
LETOO'O F 000000
6€T00°0 F 00000°0
LET00°0 F 000000
9£100°0 F 000000
0v100°0 F 000600
8CT100°0 F 000000

LLFOO'0 F 189900
Z0000°0 F 6H000°0

Z1000°0 F £2000°0
60000°0 F 210000
11000°0 F 2200070
S1000°¢ F 120000
€1000°0 F 9500070
01000°C ¥F 920000
010000 F 0Z000'0
010000 F S0000°0
<1000°0 F 80000°0
L1000°0 F £1000°0
810000 F £1000°0
12000°0 F YI000°0
ZT000°0 F €1000°0
£2000°0 F 11000°0
¥Z000°0 F TE000'0
9T000°0 F TL000°0
SZ000°0 F L2000°0
¥Z000°0 F 880000
12000°0 F 1L000°0
€1000°C F 900070
€1000°0 F LE000°0
E€1000°0 F LE0000
€1000°0 F QY0000
£1000°0 F ¥F000°0
Z1000°0 F OFO000
10000 ¥ 1£000°0
£1000°0 F 1E£000°0
91000°0 F 0£000°0
61000°0 F ZP000°0
$2000°0 F S9000°0
€2000°0 F 1200070
810000 F 0R000°C
L1000°0 F £2000°0
ST000'0 F 850000
L1000°0 F ¥9000°0
TTO00'0 F 9L000°0
€Z000°0 F £6000°0
920000 F LZI000
920000 F 1E100°0
LZ000°0 F SE100°0
ST000°0 F ¥Z100°0
ZT000°0 F 660000

GEEY0'0 FIBBLETO
18000°0 F1L9¥00°0

ST000°0 F ZET00°0
010000 F ¥6000°0
900000 F 92000°0
21000°0 F 151000
£€000°0 F LB100'0
90000°0 F OFO00'0
£0000°0 F 60000°0
S0000'0 F 1200070
Z29000'0 F 1L200°0
S2000°0 F 922000
¥L000°0 F 99900°0
6ET00°0 F 85010'0
€2.L20°0 F 0L0L0°0
S5€00°0 F 6¥610'0
69800°0 F STSZ0°0
9L100¢ F LOLIO0
FB000°0 T £6900°0
0E000°0 F 82000
120000 F L6100°0
110000 F FOT000
010000 F 680000
10000 F Z1100°0
01000°0 F £6000'0
L1000°0 F 160000
20000°0 F 290000
01000°0 F 880000
L0000 F 015000
SSE00°0 F £8810°0
L9700°0 F ¥FOLO°0
€5000°0 F ¥0500°0
L0000°0 F ¥9000°0
$0000°0 F 0F0000
FO00C'0 F 1£000°0
S0000°0 F L2000'0
6100070 F L1000
681000 F 1HOLO'0
0vE00'0 F S8SI0'0
B1000°C F 651000
00000 F 92000
610000 F 691000
0F000'0 F 95£00°0
£2000°0 F 01200°0

FOE80°0 F 00000°1
€F000°0 F TELOOO

T6100°0 F 9S100°0
88100°0 F #0000
06100°0 F S91000
261000 F 661000
P6100°0 F LL¥DOO
Z6100°0 F 1S£00°0
061000 F SIO000
6100°0 F 12000'0
161000 F £S500°C
981000 F 865000
102000 F £5600°0
SET00'0 F TI¥IOD
1£L20°0 F 60%L0°0
€OY00'0 F LLETOO
¥6800°C F £10£0°C
65200°0 F S¥S10°0
80Z00°C ¥ £9010°0
Z6100°0 F 68900°0
98100°0 F £9%00°0
88100°0 F 262000
S8100°0 F ¥OZ0O'0
€R100°0 F £2200°0
L8100°0 F 21200°0
68100°0 ¥ 062000
6L100°0 F 0£200°0
S$8100°0 F 9020070
68100°0 F 86900°0
£0¥00°0 F FOZZ0°0
87£00'0 F ST8I00
96100°0 F LOB0O0
18100°0 ¥ 92£00°0
181000 ¥ 1820070
981000 F 0L100°0
68100°0 F FI£00°0
16100°0 F 0£500°0
YLZ00'0 F 0IS10°0
G6£00°0 ¥ 09810'0
16100°0 F S0900°0
68100°0 F 0¥900'0
98100°0 ¥ L1S00°0
¥6100°0 F ¥S200°C
06100°0 F 81900°0

1¥690°0 F¥6868'0
07000°0 F¥85900°0

S£100°0 FS0F00°0
£9100°0 F5L900°0
E€P100°0 FSBPOO'D
€Z100°0 F08T000
$S100°0 F00900°0
0L100°0 FOSLOO'0
00100°0 F0S000°0
TS100°0 F5L500°0

“F -
ZFT00°0 F5LPI0°0
0TT00°0 ¥0ST10°0
£2200°0 F¥08Z10°0

cF

c -

“F -

-F-
E£1200°0 F48110°0
£0T00°0 F5L010°0
FST00°0 F06500°0
8S100°0 FST00°0
LT100°0 FOTEO00
FS100°0 F06900°0
STT00°0 F00€00°0
0S100°0 F05500°0
0E100°0 FSSE00'0
ZS100°0 F0L500°0
6020070 FOPLIOO
0LZ000 FASLIOO
S1200°0 F00210°0
STT00°0 F0OLT00
LP100°0 FS1S00°0
£6100°0 F08600°0
TS100°0 FSLS00°0
L¥F100°0 FS1500°0
¥E100°0 F06¥00°0
€£200'0 FO8E10'0

CEF-
€6100°0 F08600°0
€8100°0 F08800°0
80Z00°0 FSTLLO0
98100°0 FO1600°0
E€L100°0 FSLL00°0

ELTT
wespy

[leg aulg

S2PRINN

oV

suedip

*(afed snotsard woiy penurjuod) Sutia)yess ySw[Aey 2pnpul 10U Op UOIIUNXS PoINSLIW
PU® [e10} 9y, -pasn arIe soiuedio wmumuiw uaym juio Idoy je seads eamayd Yoes 0y anp (_wy) sIUBDYRoD TONIUNXT 'S AqRL

asIR0)

wyems

(e1oL

pamseapy

5-56



Table 5.35: Fraction of non-Rayleigh extinction due to each chemical species at Hopi Point when
minimum organics are used.

Date Total Sulfates Coarse Organics LAC Nitrates Fine Seil
9.3 1.000+ 0.507 0.583+ 0.218 0,033+ 0.030 0.000+ 0.263  0.3224 0.262 0.033+ 0.013 0.029+ 0.011
9.8 1.000+ 0.838 0.5724 0.265 0.044+ 0.038 0.0004 0.333  0.307+ 0.328 0.040+ 0.019 0.040+ 0.018

10.3  1.000% 0.738  0.437+ 0.233  0.052+% 0.045 0.000% 0.387 0.407+£ 0.408 0.027+ 0.017 0.080+ 0.042
10.8  1.000+ 1.200 0.8484+ 0.726 0.104% 0.107 0.000+ 0.628 .0.085% 0.565 0.030%+ 0.029 0.082+ 0.070
11.3  1.000+ 0.590 0.594: 0.256 0.058% 0.040 0.000% 0.308 0.275% 0.298  0.018% 0.009 0.060+ 0.028
11.8  1.000+0.663 0.529+ 0.254 0.0504 0.038  0.000+ 0.345 0.3704 0.355 0.0154 0.010 0.0354 0.017
12.3  1.000+ 0.980 0.347+ 0.243  0.0614 0.056 0.0004 0.513  0.534+ 0.592  0.004+ 0.011  0.054% 0.038
12.8 1.000+ 0.475 0.1184+ 0.042 0.0294 0.020 0.707£ 0.348 0,120+ 0.222  0.000+ 0.005 0.024+ 0.009

13.3  1.000% 1.578 0.256+ 0.287 0.104+ 0.131 0.000+ 0.820 0.5494+ 0.964 0,018+ 0.024 0.079+ 0.089

13.8  1.000+ 0.702 0.402+ 0.204 0.071+ 0.052 0.000% 0.366 0.433+ 0.394 0.041% 0.022 0.056% 0.028

143 1.000+ 0.412 0.466% 0.144 0.051+ 0.031 0.000% 0.210 0.325% 0.213  0.1184 0.037 0.042+ 0.013

14.8  1.000+ 0.160 0.364+ 0.057 0.038+ 0.014 0.2561+ 0.082 0.266+ 0.076 0.069+ 0.011 0,013+ 0.002

15.3  1.0004 0,275 0.464% 0.1068 0.086+ 0.032 0.000£ 0,135  0.277+ 0,135 0.1534 0.036  0.0204 0.004

15.8 1.000+ 0.252 0.735+ 0.181 0.0564 0.022 0.000+ 0.092 0.043% 0.083  0.153% 0.036 0.013+ 0.003

163 1.0004 0.211  0.7274 0.136  0.052+ 0.021 0,000+ 0.091 0.106+ 0.084 0,115+ 0.022 sk

16.8 1,000+ 0.192 0,768+ 0.144 0.0344 0.012 0.000+ 0.068  0.0994 0.063  0.0814 0.015 0.017% 0.003

17.3  1.000+ 0.467 0.596+ 0,207 0.119+ 0.055 0.000% 0.239  0.189% 0.224  0.0504 0.019  0.0484+ 0.017

17.8  1.000+ 0.854 0.560%+ 0.343  0.148% 0.102  0.000% 0.447 0.211+ 0.419  0.019+ 0.013  0.0634 0.038

18.3 1.000£1.175 0.387+£0.324 0.156% 0.140 0.000+ 0.618 0.3784+ 0.634  0.031% 0.027 0.049+ 0.041

188 1.000L1.051 0.330% 0.248 0.1264+ 0.105  0.0004 0.552 0.4484 0.596  0.031+ 0.027 0.085% 0.049

19.3 1.000%£ 0.717 0.453% 0.237 0.083+ 0.051 0.000& 0.373 0.381+ 0,388  0.0374 0.023  0.0454 0.024

19.8  1.000% 0,308 0.844% 0.260 0.032% 0.012 0.000% 0.088 0.087+ 0.081 0.016+ 0.006 0.011+ 0.003

20.3 1.00040.528 0,827+ 0.243 0,123+ 0.059 0.000+ 0.271  0.163% 0.252 0.033+ 0.013  0.0524 0.020

20.8 1.000+0.584 0.527+0.225 0.1164 0.060 0.000% 0.303 0.284% 0.297  0.024% 0.011 0.051+ 0.021

21.3 1.000% 0.873 0.340+ 0.213 0.152+ 0.104 0.000= 0.459 0.442+ 0.495 0.0174£ 0.012 0.050+ 0.031

21.8  1.000% 1.407 0.444% 0.444 0.176x% 0.185 0.000+ 0.738 0.283£ 0.721 0.016+ 0.01¢ 0,080+ 0.080

22.3  1.000% 1.044 0.270£ 0.202 0.103% 0.086 0.000+ 0.548 0.571+£ 0.648 0.0004 0.008 0.056% 0,042

22.8 1.000+ 1.233  0.224+ 0.197 0.178+ 0.166 0.0004 0.648 0.516% 0.734 0.0144 0.015 0.084%+ 0.056

233 1.000+ 0.690 0.363+ 0.181 0.117+ 0.068 0,000+ 0.360 0.433% 0.380  0.044+ 0.023  0.042+ 0.021

23.8 1.000& 0.481 0.301% 0.108 0,103+ 0.044 0.000% 0.248 0.4854 0.280 0.053+ 0.020 0.058+ 0.021

24.3 1.000% 0.846 0,199+ 0.121 0.2034 0.132  0.000z 0.444 0.508+ 0.501 0.039:+£ 0.025 0.048+% 0.030

24.8 1.0004 0.525 0.123+ 0.048 (.115+ 0.061 0.552+ 0.345  0.161+ 0.251 0.0104+ 0.005 0.038% 0,015

25.3 1.000& 2.683 0.052+ 0.103 0.567+ 1.083 0.000+ 1.412  0.010+4 1.268 0.010£ 0,028 0.371% 0.705

25.8  1.000% 2.280 0.062+ 0.104 0.345+ 0.567 0.000+ 1.204  0.407+ 1.265 0.009+ 0.023 0.177+ 0.287

26.3 1.000+ 0,861 0.102+£ 0,063 0.099+ 0.088  0.000+ 0.451 0.7271+ 0.602 0.016+ 0.012 0.053% 0.033

26.8 1.000%0.913 0.125+ 0.083 0.142% 0,101  0.0004+ 0.476  0.667+ 0.609 0.024% 0.017 0.0454+ 0.029

27.3 1.000% 0.974 0.407+0.284 0,167+ 0.126 0.000+ 0.511 0.278+ 0.494  0.015+ 0.013 0.133% 0.093

27.8  1.000% 0.432  0.4844 0.157 0.132+ 0.051 0.0004& 0.222  0.286+ 0.219 0.0164 0.007 0.082% 0.026
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Table 5.35: Fraction of non-Rayleigh extinction due to each chemical species at Hopi Point when

minimum organics are used (continued from previous page).

Date Total Sulfates Coarse Organics LAC Nitrates Fine Soil
28.3 1.000+ 0.435 0.3404 0.111 0.160+ 0.061 0.000+ 0.223 0.374+ 0.234 0.039+ 0.014 0.087+ 0.029
28.8 1.000% 0.364 0.472+ 0.133 0.164+ 0.054 0.0004 0.186 0.2604 0.180 0.052+ 0.016 0.052+ 0.014
29.3 1.000«% 0.509 0.327+ 0.123 0.261+ 0.107 0.0004 0.263 0.261+ 0.254 0.060+ 0.024 0.081% 0.034
29.8 1.000+ 0.418 0.409+ 0.130 0.205+ 0.073 0.000+ 0.214 0.234% 0.204 0.087+ 0.023 0.086%+ 0.027
30.3 1.000% 0.446  0.263+£ 0.088  0.210+ 0.079 0.000+0.230 0.3771+ 0.241  0.031£ 0.012 0.117+ 0.039
30.8 1.000+ 0.297 0.852% 0.256 0.050% 0.016 0.0004+ 0.074 0.013% 0.0668 0.061% 0.026 0.023% 0.008
31.3 1.000%0.257 0.689% 0.177  0.050%+ 0.017 0.000+ 0.086 0.136+ 0.081  0.062+ 0.015 0.062+ 0.013
31.8 1.000+ 0.510 0.334+ 0.126 0.1214 0.054 0.000+ 0.264 0.360% 0.273 0.075+ 0.029 0.109% 0.041
32.3 1.000+ 0.851 0.1184 0.073 0.185&£ 0.121 0.000+ 0.446 0.4434 0.482 0.032+ 0.020 0.223% 0.136
32.8 1.000+ 1.547  0.182+ 0.201  0.4291+ 0.480 0.000+ 0.812 -0.147+£ 0.741 0.035% 0.040 0.500% 0.550
33.3 1.000+ 0.941 0.142% 0.096 0.285% 0.200 0.000% 0.491 0.164% 0.451 0.028+ 0.020 0.377+ 0.254
338 1.000£ 0.703 0.170% 0.087 0.1894 0.112 0.000+ 0.367 0.407+ 0.387 0.0294 0.017 0.2074 0.105
34.3 1.000% 0.343 0.625+ 0.185 0.081% 0.037 0.000+ 0.172 0.1984 0.162 0.0174 0.006 0.0794 0.021
34.8 1.000+ 0.254 0.9014 0.218 0.023+ 0.011  0.0004 0.077 0.036<4 0.069 0.025% 0.0089 0.015% 0.003
35.3 1.000+ 0.259 0.8544 0.224 0.014% 0.008 0.000% 0.064 0.092% 0.0680 0.0254 0.010 0.015+ 0.003
35.8 1.000+ 0.383 0.7314 0.214 0.044+ 0.022 0.000% 0.191 0.155+ 0.177 0.027+ 0.010 0.043% 0.012
36.3 1.000+ 1.270 0.4274 0.387 0.1504 0.147  0.000% 0.670 0.325% 0.685 0.010£ 0.013 0.0874 0.079
36.8 1.0004 1.101 0.2704 0.212 0.174% 0.145 0.000% 0.578 0.483+ 0.639 0.0004+ 0.009 0.0784 0.082
37.3 1.000+ 0.922 0.334% 0.221 0.152+ 0.107 0.000+£ 0.483 0.421% 0.514 0.0104 0.010 0.086% 0.057
37.8 1.000+ 1.213 0.4274 0.369 0.183% 0.168 0.000+ 0.638 0.2754+ 0.616 0.0144 0.015 0.101% 0.087
38.3 1.0004 1.161 0.502+ 0.418 0.1664+ 0.148  0.000+ 0.610 0.233+ 0.580 0.004+ 0.010 0.094% 0.078
38.8 1.000+ 1.282 0.436+ 0.399 0.181+ 0.176  0.000% 0.672 0.284% 0.656 0.0054 0.011  0.093% 0.085
39.3 1.000+ 0.911 0.356% 0.232 0.123% 0.081 0.000% 0.476 0.445% 0.515 0.0074+ 0.008 0.0684 0.045
39.8 1.000% 0.568 0.425% 0.177 0.153%+ 0.077  0.000% 0.294 0.348% 0.300 0.013% 0.008 0.0584 0.024
40.3 1.0004 0.394 0.4094 0.122 0.1284 0.050 0.000+% 0.202 0.3854 0.213 0.0154+ 0.005 0.085+ 0.020
40.8 1.000:+ 0.277 0.652+ 0.150 0.0724 0.027 0.0004 0.131 0.2104+ 0.126 0.0274+ 0.008 0.038+ 0.008
41.3 1.000% 0.237 0.717+ 0.168 0.047+ 0.019 0.000+ 0.090 0.172% 0.087 0.033+ 0.008 0.032% 0.008
41.8 1.000+ 0.420 0.838% 0.381 0.011% 0.009 0.000% 0.045 0.072% 0.046 0.073+ 0.039 0.007+ 0.002
42.3 1.000% 0.240 0.820% 0.204 0.005% 0.010 0.000% 0.058 0.160+ 0.061 0.016+ 0.004 ..
42.8 1.000% 0.521 0.954% 0.509 0.002+ 0.003  0.000+ 0.019 0.016+ 0.018 0.026+ 0.013  0.002% 0.001
43.3 1.000% 0.235 0.749+ 0.159 0.010+ 0.015 0.0004 0.098 0.201+ 0.097 0.023+ 0.006 0.016% 0.003
43.8 1.0004 0.208 0.699% 0.187 0.0144 0.019  0.000+ 0.145 0.226% 0.140 0.038+ 0.011  0.023% 0.005
44.3 1.000+ 0,440 0.378+ 0.125 0.022+ 0.029 0.000+ 0.228 0.510+ 0.262 0.062+ 0.022 0.030% 0.010
44.8 1.0004 0.504 0.490% 0.207 0.014% 0.022  0.000% 0.250 0.316% 0.253 0.1194 0.049 0.058% 0.021
45.3 1.000% 12.930 1.000+ 9.146 0.238+ 2.228 0.000+ 6.810 -0.8104 9.558 0.143% 1.314 0.476% 4.354
45.8 1.000%+17.913 0.600% 7.603 1.3334 16.902 0.000+ 9.467 -1.467+ 20.380 0.0004 0.133  0.600% 7.600
463 1.000+ 0.774  0.1142 0.085 0.074+ 0.050 0.000+0.405 0.715% 0.537  0.054+ 0.031 0.0404 0.023
46.8 1.000+ 0.575 0.392% 0.174 0.117% 0.055 0.000+ 0.298 0,308+ 0.264 0.009+ 0.044 0.088% 0.036
47.3 1.000+ 1.364 0.759+ 0.737 0.357% 0.352 0.000% 0.714 -0.161% 0.857 0.050+ 0.052 k.
47.8 1.000+ 1.628 0.2184 0.254 0.194+ 0.233 0.000% 0.855 0.515% 0.967 0.0184+ 0.028 0.055% 0.063
48.3 1.000% 6.485 2.2934+ 10.516 0.293% 1.360 0.000% 3.415 -1.9024 9.241 0.0004 0.049 0.2934 1.342
48.8 1.000+ 1.741 0.846% 1.046 0.147+ 0.187 0.000+ 0.910 -0.096% 0.823 .k 0.103% 0.127
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At all three sites, it can be seen that scattering by fine sulfates dominates when the extinction
coefficient is high. When the extinction coefficient is below average, sulfate scattering is still
important, but scattering by organics and absorption due to elemental carbon are also often large
fractions of the total extinction. This is especially true for Page,

5.5.2 Budgets on Extreme Extinction Days

The maximum 24-hour averaged measured extinction at Page was 0.0769 K'm~'. This occurred
on Julian day 43 (Feb. 12). The minimum measured extinction at Page occurred 2 days later on
Julian day 45 (Feb 14) when it was 0.0129 K'm~1. These days were also near the extremes of the
reconstructed extinction values at Hopi Point and Canyonlands. Although Julian day 42 (Feb 11)
is used as the high extinction day at Hopi Point since the extinction at Hopi Point was higher
on that day than on Feb 12. A summary of the extinction budgets for these two days is shown
in Table 5.36. On Feb. 12 (Feb 11 at Hopi Point), light extinction was dominated by scattering
due to fine sulfates at all three sites. In contrast, Feb 14 was a near-Rayleigh day at all sites,
with Rayleigh scattering accounting for 89+14%, 92+£16%, and 98+18% of the light extinction at
Page, Canyonlands, and Hopi Point, respectively. The pie charts in Figures 5.26, 5.27, 5.28, and
5.29 illustrate these budgets. The relative sizes of the pies are proportional to the measured light
extinction.

5.6 Comparison to Previous Studies at Grand Canyon

WHITEX extinction budgets are similar to the results of at least two previous studies which have
reported light extinction budgets for Grand Canyon National Park (Hopi Point) (Malm, et al.® and
Malm and Johnson”). Scattering by fine ammonium sulfate was found to be the dominant factor
in the non-Rayleigh light extinction budget in all three studies even though WHITEX was during
the winter, another study was for summertime data, and the third included data for a full two year
time period. During WHITEX, the percent of the non-Rayleigh scattering at Hopi Point due to
fine sulfates was 68%. Malm et al. found that 47-48% of the scattering during a two week period
in August 1984 was due to fine sulfates and Malm and Johnson attributed 63% of the scattering
during two years from December 1979 to November 1981 to fine sulfates.

5.7 Summary

The findings of this chapter are summarized below:

¢ The nephelometer underestimates the actual scattering coefficient by as much as a factor of
three when the relative humidity is very high (> 90%). However there is evidence that it
does not dry the particles completely.

¢ TOR light absorbing carbon measurements appear to be slightly too high and TMO concen-
trations are too low, but the TOR values are closer to what is expected based on the optical
measurements.

o The largest fraction of mean non-Rayleigh extinction at Page, Canyonlands, and Hopi Point
is scattering by fine sulfates. The two next largest fractions are absorption by light absorbing
carbon and scattering by organics, with organics being more important at Page and particle
absorption more important at Canyonlands and Hopi Point. (See Figure 5.3.)
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