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i. Introuction

Heath syptonì expeenced by workers ar oftn

ased to be rela to the presence of containants

in the working envirnment In ord to undersd the
relationship between symptoms and exposur to
containants, a knowledge of the .concentrtions of
these containants and their distrbution is necessa.

Typically occupationa environmenta da is

assumed to follow a log-normal distbution.
Conditions for log-nonnality may include: a)
containant concentrtions cover a wide rage of
values; b) a lare proportion of the concentrtions lie
close to given value; c) differences between measurd
concentrtions are of the magnitude of the measurd
concentrons; and d) there is .a limited probabilty of
very large values or data 'spikes' (Lidel et al. 1977).
Distrbutions other th the log-normal, most notably

the gama ditrbution, have also ben considered for
containant data and may be applicable under certin

conditions (Berr and Day 1973; Eberhardt and Gilbe
1976). The applicabilty of the log-normal and gama
ditrbutions to charteri containant concentrtions
measured in the indoor offce environment was

examined in this study using measured containant
levels in an occupied offce building and a recently
renovated offce building. The distrbution most

applicable to conditions in each building was

determined.

2. Data Sources

Environmental investigations were done in 2 offce
buildings to charri the indoor concetrons and
spatial distrbution of environmenta containts in
eah building, and to evaluate the natu and spaial
distrbution of the employees' health syptoms and
comfort concern in eah. Investigatons in eah

building included air monitorig for respirle
pariculates (parcles smaller than 2.5 pm) and total

volatle organic compounds (TVOCs). Buildig i was
a fully occupied building where indoor environmenta
quality complaints had previously ben received and
the investigation had been requeste while buildig 2
was a reently renovated building in the proess of

being ocpied. Dat was collec at varous staes
of ocpancy of building 2. All investgatons were

conduct unde the Health Hud Evaluation (H)
progr of the Natona Intute for Occupatonal

Safet and Health (NOSH).
Alough demogrhic and heath informaton were

collecftm buildig employees, only ai monitorig

data was considere for this analysis. In order to
min fars such as human acvit and ocpancy
which might afect containant levels in each
buildig, only da collecd when both buildigs were

most fully ocupied were consider. Log-normal and
gama distrbutions were fit to da collect in each

building. The shap pareters from the gama fits
were tested using a likelihood ratio procedur to
determine if they were significantly different from O.
Since the log-normal distbution is a special cas of

the gama when the gama shap pareter equals 0
(Lawless i 982), a shape pareter not significantly
different from 0 would indicat th the log-normal

disbution could best be us to charri the da

In adition, plots of observed vs. predictd

concentrtions were developed for each building and
distrbution to determine which distbution best

chard the obsered ditrbution of containants
in that buildig. Prdict values wer cacula using
pareters estimated from the log-normal or gama
distrbution fit. Comparson of the observed vs.

predicted plots and the line Y=X maybe used as a
measure of how well the obsered data is
approximated by the log-normal or the gama
distrbution. Deviations from linearty indicate
deviations from the distrbution in question.

All models were fit and teste using SAS PROC
LIFEREG, and plots wer gener using SAS PROC

GPLOT.

3. RESULTS

Distribution pareters for resp~le parculats in
buildings i and .2 under both log-noral and gai
distrbutions are shown in Table i. The gam sce
paretr is not significantly different frm 0 in
building 2, indicating that respirble parculats may
best be chareri by a log-normal distrbution in
Buildig 2. The gaa sh parete isstcay
significant in building i, indicatig that the gama
disbution may be prefer ther. It should be note
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that ther is litte differnce beee the intercpt or
sce paet under eiter the log-noal or gaa
ditrlbutions in bUildig 2, whie the sce paet
differ betwee dibuton in buidig I. 

Th may
indica the iipoce of the 

gaa sh paeter
in order to cha the dibution of 

respirlePaculat in buildig .1. Cocetrons prcte
under the gama modl in buidig I, and the log-
noim model in bUildig 2, ar shown in Figue. It
ca al be sen th the rage of cocetrons of
mpirlepacula ar much less in building I thin buildig 2. _
Distrbution paret for TVOCs under the log-

normal and gama dibution assumptions in
buildings i and 2 are shown in Table 2. The shae
paet ar not sttitically significatly different
1r 0 in eiter buildig, indicag th the log-normal

ditrbution may best char TVOCs ln both
bUildings. Estiates of both the 

intet and scale
pareters under eah distrbutional assumption ar
siiilar for each building. Pricted TVOC

concetrtions under the log-nonnal model ar shown
in Figu 2.

4. DISCUSSION

Either a gama or log-nonnal distbution 

may beused to chactri .the distibution of the indoor
containants considered here. Both give consistent
results for scale and shape pareters for a given
investgation. These results might be expeted since
the log-normal is a special cae of the gama
distrbution with shape pareter O. The gama,
because of its lncorpration of both scale and shape
parete, is a moretlexible, . 

general-purose modeL.
Envirnmental containts may 

also possibly bechar by additional disbutions such as the
Weibull or exponential distrbutions, which are
additional spcial caes of the gama with shape
paeter i or scale pareter i, respectively.
However, the log-normal distrbution ocur most
frently in environmenta and ocupaona expsure
applicaon, and is ea to us since its propees have
be extnsively investigate.

The shape paret in the gama fit is not
signficatly dieret frm 0 for TVOC cocetrtions
meaur in buildings i or 2 or for respirble
parculats in bUilding 2. The 0 she pareter
incas th TVOC concetrtions appea to follow a

log-normal ditrbution, while respirle parculates

may follow eiter a log-nonal or gama disbution.
It is possible.that TVOCs follow a log-normal

distrbution more closely than respirble paiculates.
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Anoter possibilty is tht the gama 

is most
aplicale at low concetrons of containants.
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Table I. Distribution Parameters for Respirable Particulates

Pareter Distrbution Building 1 Buidig 2
Estat (S.E.) Es (S.E.)

Interct Log-normal -4.130 (.()66) -30564 (.081)
Gama -3.90$ (.074) -3.642 (.144)

Scale Log-normal .479 (.047) 1.25 (.057)
Gama .342 (.043) 1.20 (.058)

Shap Gama 1. 19 (.317) - .139 (.213)*

*Not stistically significatly (i.e. p:.05).
S.E.=Stadad Error

Table2. Distribution Parameten for Total Volatile Organic Compounds (TOCs)

Pareter Distrbution Building 1 Buildig 2

Estiate (S.E.) Estiate (S.E.)

Intercept Log-normal -7.517 (.126) 7.455 (.126)
Gama -7.437 (.177) 7.569 (.223)

Scale Log-normal .641 (.089) 1.077 (.089)
Gama .632 (.089) 1.066 (.091)

Shap Gama - .219 (.399)* - .214 (.344)*

*Not statistically signifcant (i.e. p:.05).
S.E.=Stadad Error

Figure I. Plot of Predicted and Observed
Concentrations Of Respirable Particulates

Figure 2. Plot of Predicte and Observed
Concentrations of Total Volatile Organic
Compounds (TOCs)- Building 1 --
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