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MODEL DEVELOPMENT & VALIDATION ARE THE KEY TO IMPROV­
ING RISK ASSESSMENTS OF INHALATION EXPOSURE Mjchae) A 
~ Rohm and Hlaas Company, Toxicology Research Laboratory, 727 Nor­
ristown Road, Spring House, PA 19477; Neil C. Hawkins, The Dow Chemical 
Company, Chemicals and Metals, Environmental Affairs, 2020 Building, Mid­

land, Ml 48674 

The need to evaluate human exposure to airborne toxicants lies at the heart of the 
industrial hygiene profession; however, I-he adequacy of current methods has 
come into qaestioo as we struggle to use these tools to make critical decisions 
about the level of risk to human health and its management. In this realm of 
health risk assessment from airborne loxicants, two particur areas are of concern: 
the procedures for esl.H'flatiog dose-response relationships and the models used to 
estimate bttman exposttres. In this paper, we present a case for models as a prin­
cipal construct of the scientific discipline of exposure assessment. We also ex­
plore the adequacy of using currently available exposure assessment models for 
indoor air Mlhalation exposures in the context of the uncertainty which exists in 
both the dose-response assessment and the exposure assessment. Following this, 
we propose a tiered system for implementing these exposure assessments. Each 
tier woH!d involve additional research, but also would lead to reductions in un­
certainty. Finally, we discuss a necessary national research agenda which will 
pennit the b11ilding of validated models for indoor air inhalation exposures 
among classes of chemicals, building types and exposure scenarios. It is our be­
lief that until stich a research agenda is undertaken, modeling of exposures (and 
therefore risks) using the current, unvalidated approaches provides little more 
than worst-case estimates which are often not useful for making important deci­
sions about risk management. 
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voe EMISSION RATE DETERMINATION IN AN OFFSET PRINTING 
SHOP R A,Wadden P.A.Scheff, J.E.Franke, L.M.Conroy, C.E.Keil, M.J.Javor, 
and S.A.Milz, Environmental and Occupational Health Sciences, University of 
Illinois at Chicago, P.O.Box 6998, Chicago, IL 60680. 

A two day test was carried out December 17-18, 1991, in a printing shop con­
taining 4 sheet-fed offset presses (2 2-color; 2 I-color; 16,000 sheets/day) and 3 
spirit duplicators (24,000 pieces/day). Charcoal tube samples (pumps calibrated 
at 300 ml/min) were collected at twelve locations for 12 how-ly periods. The 
tubes were analyzed for hexane equivalent concentrations by gas chromatogra­
phy in our laboratories and, as a quality control, 48 paired samples were ana­
lyzed at a commercial lab. The agreement was very good (r2 = 0.969) with the 
slope of the relationship being 0.929 for University vs. Commercial lab analysis . 
Each sample was also speciated for 14 identified compounds including n-hexane, 
benzene, toluene, and the xylenes . The average hexane equivalent concentration 
over the 12 hours at a workbench in the space was 75.5 mg/m3

, 31% of which 
was toluene. Analysis of 10 of the cleaning solvents, blanket and plate washes 
indicated that 3 of these contained benzene. In addition to the hydrocarbon sam­
ples, 28 particulate samples were collected on polycarbonate filters (2 L/mio for 
one hour), and were analyzed by proton induced x-ray emission spectroscopy 
(PIXE) for 14 elements including sulfur, chromium, nickel and lead. Source ac­
tivities, including sheet counts, job set-up times, and cleaning periods, were also 
recorded. The volume of the space was 1494 m3 with•an air exchange rate of 15 
hr-1 which •ncluded 34% makeup air from outside the building. There was no lo­
cal exbatist. 

The concentration and ventilation observations were used in conjunction with a 
completely mixed mass balance model for the interior space to estimate total 
emission rates of VOC and elements from all sources in the space. In addition 
the individual source activities were used to discriminate the contribution from 
each sow:ce. A chemical. mass balance receptor model was also applied to the 
chemical pattern of elements and VOC to determine the contribution of each 
source to total emission. The results of these two detenninalions are compared. 
Successful application of mass balance models to determine emission rates from 
concentration data places the measurement infonnation in a generalized fonn 
which can ,be applied to estimate workroom concentrations in other space and 
ventilation settings. 
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ESTIMATING THE CONTRIBUTION OF INDIVIDUAL WORK TASKS TO 
ROOM CONCENTRATION: METHOD APPLIED TO EMBALMING Ben: 

38 

nen....LS... Feigley, C.E., Underhill, D. W., Department of Environmental Health 
Sciences, HESC, Rm 311, University of South Carolina, Columbia, SC; Stewart, 
P.A., Hayes, R., Environmental Epidemiology Branch, National Cancer Institute, 
Bethesda, MD 20892; Utterback, D.F., and Herrick, R.F. National Institute for 
Occupational Safety and Health, Robert A. Taft Laboratories, 4676 Columbia 
Parkway, Cincinnati, OH 45226. 

Industrial hygiene control strategies should consider separately all contributions 
to the workroom contaminant concentration. Significant sources of a contami­
nant may be identified through measurement of its concentration during perfonn­
ance of specific work procedures. Continuous concentration measwements 
cannot be directly used to compare the emissions resulting from individual tasks 
because dilution and convection influence the measured concentration. The time­
weighted average concentration gives even less information. Here a new ap­
proach for estimating emission rates from continues concentration data was 
developed and applied to formaldehyde measurements collected during 25 em­
balmings. These were collected while controlling the ventilation rate, the con­
centration of el[lbalming solution and the type of case (autopsied or intact body). 
The instantaneous emission rate, G, was estimated from the contaminant mass 
balance: 

G= V dC/dt + QC 

where V is the room volume, C is the contaminant concentration, Q is the dilu­
tion flow rate and I is time. The derivative was approximated by the Stirling in­
terpolation polynomial. By graphing G versus t and noting the time the 
embalming procedures were perfonned, emissions were attributed to specific 
procedures. The embalming procedures with the highest generation rates were 
osmotic gel application, hardening compound application, aspiration of visera, 
closing of the abdominal cavity and drying compound application, which had 
peak rates (averaged for each occurrence) of 0.127, 0 .083, 0.070, 0.069, and 
0.055 ft3 HCHO/hr . 
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DETAILED WORK ANALYSIS FOR CONTROL OF EXPOSURE TO AIR­
BORNE CONTAMINANTS IN THE WORKPLACE G. Rosen and I. Anders­
son, National Institute of Occupational Health, S-171 84 Solna, Sweden. 

Measures aimed to reduce worker exposure to airborne contaminants may often 
be expensive. Decisions on control measures must be based on expert knowledge 
of effects resulting from changes to different parts of the system. A method for 
work exposw-e analysis has been developed at the Division of Industrial Hy­
giene, Swedish National InstiMe of Occupational Health. This is based on the 
Picture Mix EXposure (PIMEX) method, which is a combined use of direct read­
ing instrument and a video camera. The direct reading instrument monitors 
worker exposure in real time while the video camera records activities at the 
work place. The signal from the real time monitoring instrument is superimposed 
on the video film together with time information. The video film is analyzed in 
detail for different work activities and exposure associated with different activi­
ties. The use of a special computer software equipped with a frame grabber, 
which analyzes information on a data file at a resolution as low as 0.1 sec., has 
made this kind of analysis possible. 

This method has been used in analyzing variations of exposures to dust in quarry 
and carpentry, organic solvents in spray painting operations, and styrene in glass 
fiber reinforced polyester plastics factories . 

A detailed analysis of styrene exposure was carried out at a site where plans had 
been made to reduce worker exposure in manufacturing in a spray booth. The 
measures to be employed were focused on the phase of the woric cycle where 
polyester was applied with a spray gun. The analysis revealed that this particular 
work phase contributed only 3 % lo the total worker exposure to polyester when 
manual rolling of the wet polyester and cutting of edges of the semihardened ma­
terial explained 55 and 13 %, respectively. PIMEX analysis indicated that finan­
cial and time investments for controlling particular the spraying phase, would be 
ineffective for control of the total worker exposure. 

The detailed analysis of worker exposure by the PIMEX method can promote ef­
ficient and effective activities aimed to reduce health hazards in the work place 
and conserve financial resources by demonstration of effective control measures. 
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THE APPLICABILITY OF CONTINUOUS AREA MONITORING FOR EX­
POSURE EVALUATION IN PETROCHEMICAL INDUSTRY p Kal)jokoskj 
and P. Ruokojarvi, University of Kuopio, P.O. Box 1627, 70211 Kuopio, Fin­
land; R. viinanen, NesleOy, P.O. Box 320, 01601 Porvoo, Finland. 

The benzene plant and the cumene unit of the phenol plant of the main petro­
chemical complex of Finland are provided with stationary monitoring networks 
for benzene. The processes are located outdoors . They are exposed to benzene 
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