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Appendix F

Appendix F: Application to the Harris County Mortality Data from Multiple Subregions
In this section, we illustrate the use of estimated source contributions from spatially-
enhanced multivariate receptor models in the health effects modeling. We defined “subregions”
within Harris County by dividing the entire county into M (= 9) contiguous subregions
containing the 9 monitoring sites of Canister VOCs. The following rule was applied to assign
each census tract in Harris County to one of those 9 subregions. If a monitor is in a census tract
that tract was assigned to its monitor. Otherwise, the closest monitor to the center of a census
tract determined the census tract assignment to each subregion. Each subregion plays a role of a
10-mile buffer defined earlier (i.e., in the analysis near Clinton Drive). The mortality data were
obtained for each subregion, and aggregated into daily counts. The time series of estimated
source contributions for each subregion can then be obtained using the enhanced multivariate

receptor models presented in the previous section.

For the health model, the average health outcome in day t and subregion m (m =1---,M )

may be represented as

q
log E ( A ) =a+ ) B +n,workday + 77 ExtremeTemp
k=1

+ e NS (time, df . ) + 77,0 (T{“ df; ) +75NS ( D", df, ) +log ( N, )
where »", , is the lag | source contribution for day t in subregion m, ns(time, df,, ) represents a
natural cubic spline of time with dfime degrees of freedom, ns(T{“ ,df; ) represents a natural cubic
spline of temperature with 2 days lag with dfr degrees of freedom, ns(Dtm , de) represents a

natural cubic spline of dew point temperature with dfp degrees of freedom, and N," is the size of

the population at risk in subregion m on day t.
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We fitted the above model to the daily counts of cause-specific mortality data
(Cardiovascular, IHD, Acute MI, Heart Failure, Stroke, Respiratory, COPD, and Pneumonia),
temperature and dew point temperature data, and the time series of estimated source
contributions for each subregion obtained by the enhanced multivariate receptor models. We
used 24 df (or 4 dff/yr) for the smoothing of calendar time, and 4 df for the smoothing of
temperature and 3 df for dew point temperature, with 2-day lags for temperature and 0-day lags
for dew point, respectively. Lag days 0-2 were explored for each cause-specific mortality time
series. Due to a large number of models that needed to be fitted, we used GLM procedure in R
(R Development Core Team, 2006) in this illustration rather than using MCMC. Table F.1
presents source-specific effects on various cause-specific daily mortality counts associated with
an IQR increase of estimated VOCs source contribution. The effects of Refinery on
Cardiovascular mortality (lag 1), Acute M1 (lag 0), Respiratory (lag 0 and lag 2), and COPD (lag
0) were all significant at a = 0.05. The effects of Petrochemical production on Cardiovascular
mortality and Pneumonia were both significant at lag 1. The effects of unburned gasoline on
Acute M1 (lag 2) and Heart failure (lag 1) as well as the effect of Vehicle Exhaust on Heart
Failure (lag 0) were also significant. The effects of Natural Gas were significant for
Cardiovascular mortality (lag 1), IHD (lag 1), Acute MI (lag 1), Heart Failure (lag 2), and Stroke

(lag 1), but strangely with negative coefficients.
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Table F.1. VOC source-specific effects on cause-specific mortality for residents > 65 years
at the time of death residing in Harris County

Cause of Source 1 Source 2 Source 3 | Source 4 | Sourceb
Mortality (Refinery) | (Petrochem) | (Gasoline) | (Natural | (Vehicle
Gas) Exhaust)
Cardiova- B (lag 0) 0.026 0.009 0.018 -0.013 0.018
scular B (lag 1) 0.046 0.033 -0.006 —0.052 -0.005
B (lag 2) 0.016 0.013 -0.004 -0.023 0.015
IHD B (lag 0) 0.020 0.031 0.003 -0.007 0.002
B (lag 1) 0.020 0.033 -0.031 -0.041 0.004
B (lag 2) -0.001 0.025 0.012 -0.008 -0.007
Acute Ml B (lag 0) 0.060 -0.010 0.004 0.020 0.004
B (lag 1) 0.044 0.043" -0.032 -0.072 -0.016
B (lag 2) 0.001 -0.013 0.065 -0.007 -0.022
Heart B (lag 0) 0.038 0.009 0.047 -0.049 0.125
Failure B (lag 1) 0.048 -0.006 0.117 | -0.074 ~0.026
B (lag 2) -0.057 -0.018 -0.001 -0.107 0.073
Stroke B (lag 0) 0.023 0.007 0.021 0.013 0.016
B (lag 1) 0.061 0.030 -0.012 -0.103 -0.031
B (lag 2) 0.029 -0.002 -0.024 -0.016 0.018
Respiratory | B (lag 0) 0.077 -0.017 0.016 | -0.026 -0.019
B (lag 1) -0.056 0.046 0.051 -0.001 0.017
B (lag 2) 0.063" 0.040 0.001 -0.005 -0.031
COPD B (lag 0) 0.105 0.007 -0.008 -0.060 0.011
B (lag 1) -0.082 0.005 0.048 0.030 0.025
B (lag 2) 0.044 -0.013 -0.041 0.011 -0.008
Pneumonia | B (lag 0) 0.017 -0.042 0.021 0.021 -0.049
B (lag 1) -0.057 0.125 0.046 -0.017 0.057
B (lag 2) -0.054 0.053 0.087 0.046 -0.034

Notes: 1. The B coefficient of VOCs contributions from each source type represents the
estimated log-relative risk per IQR increase of estimated VOCs source contribution; 2.
Statistically significant effects (at a = 0.05) are denoted in bold; 3. * indicates that the statistical
significance changed (from insignificant to significant or vice versa) when df for time changed
from 4/year to 7/year.

We conducted a sensitivity analysis with varying degrees of freedom for natural splines
for calendar time (4 df/year and 7 df/year) and weather variables (temperature: 2—6 df, dew point
temperature 2—-6 df). In general, no significant differences were observed. The statistical

significance of  coefficients in Table F.1 mostly stayed the same except for a very few cases.

When 7 dffyear (instead of 4 df/year) was used for calendar time, B coefficient for petrochemical
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production for IHD (lag 1) and Acute MI (lag 1) changed to 0.041 to 0.0703 and became
statistically significant while 3 for refinery on respiratory mortality (lag 2) changed to 0.0564

and lost its statistical significance (P value = 0.06).
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