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Industrial Hygiene Engineering and the

Process-Environment System
.

J. E. MUTCHLER®

Environmental Research Laboratory, The D

ow Chemical Company, Midiand, Mickigan

@ A systems approach to industrial health would help Integrate the concepts applied

by engincers, industrial hygienists. toxicolegists. and physicians. and organize them
into a strategy for health maintenance that is compatible and measurable along com-
mon lines, The advantages of a systems approach to industrial health are viewed in
terms of the application and retincmient of indusirial hygiene standards. participation

of the engineering professiofs. communicati

on among all members of the occupational

health team, aud transition we are enjoving with the increasing use of sutemarion,

process control and computer technology.

Intraduction

IN HIS INTRODUCTION to Indusirial
Hygirne' Highlights, Professor Tlieodore
Hatch? reminds us that “it is the responsibility
of industrial hygicnists, toxicologists and phy-
sicians constanily to review the adequacy of
the methods thcy cmploy to demonstrate
health maintenance.” This is a challenge to
all of us who have sensed the broadening
horizons of our profession. For if we are to

_apply the principles of industrial hvgiene suc-

cessfully in this time of rampant technolowical
change, we must keep abreast of new develop-
ments in the basic disciplines that comprise
our multidisciplinary profession. .

Effcctive management of oceupational
health programs requires—more than ever—
coordinatfon and teamwork among those spe-
cialties that function within this hroad field.
We need 10 know and understand how each
discipline that deals with occupational health
can complement and interact with other mem-
bers of the occupational health team.

One measure of the compatibility of an
interdisciplinary  approach to occupational
health is the cinphasis we place on the con-
cepts and methods applied to industrial hy-
giene by several specialtics—Dbyr eneincers. in-
dustrial hygicnists, toxicologists and plivsicians

*Present  address: Gearer D). Clacvton  and _Awociates,
25711 Soutlfield Road, Seuthficld, Michizan 44175,
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—concepts and methods which we have in
common, and which can be reduced to quan-
tities measurable alonz common lines.

One concept that relates to all the disci-
plines within the feld of occupational health
is that of an “acceprable exposure level” or
an “industrial hygiene standard” for inhala-
tien of mazerials in the work place.

We are familiar with threshold limit values
(TLA"s). maximum acceptable concentrations
{MAC's", and., in more recent vears, the mudl.
tiple quidelines of the Z-37 Committee of the
America National Standards Institute (AN-
SIt. Much attention has been given to
the development of these standards. but it ap-
pears that there has been Jess concern for the
validation and refinement of those guidelines,
and clearly, even less concern for the applica-
tion of industrial hygiene standards in the
work place.

Specifically, two aspects of the application
of siandards ave glossed over to our disad.
vantage. First is the fact that TL\"s and
other hygicnic standards are not casy to use
properly. Sccond. many of the engineers in
industry who could he. are not using the con-
cept of an industrial hveiene standard in their
decision making. Thereiore. we do not benefit
as fully as we could from the assistance the
engincering profession could give us in the
overall control of industrial health hazavds,
What can be done to improve this situation?

.
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New EXPERIENCED
K
EMPLOYEES™\ ‘;’2{‘.&'&
INOUSTAAL WASTE

ENERGY =™ sopnarion EFFLUENTS
RAW SALABLE
WATERIALS PRODUCTS

Fieuat 1. An industtial operavion.
The Need for a Systems Approach

Clearly. the application of knowledge {rom
engincering and medical research. industial
toxicology, and ficld experience in environ-
mental control requires sone conununication
systemn for the essential interplay (o exist
among the various parent disciplines within
our field. If the communication is effective,
that interaction can thrive.

On the other hand, if cach discipline inter-
esred in occupational health attacks a parti-
cular problem independently, we likely will
not meet the total need. Thus. we should
adopt an integrated approach in organizing
ourselves 10 deal with our common concerns.

In the integration of interdisciplinary inter-
est which focuses on a comples probiem. one
promising technique i= “systems analysis.”
Webster defines a syster as a “reqularly mter-
acting or interdependent group of items form-
ing a- unified whole.”* In simpiest terms, a
systeim consists of a set of components which,
when combined. produce a useful result.

A “system™ in terms of industrial health
might be an organizational framework that
defines the strategy for assuring the healthful-
ness of a worker population. To that end, the
system might be composed of certain subsys-
tems which could be examined and treated
separately.

If we step back and look at an industrial
operation and examine the various inputs and
outputs from that industrizl unit, we ebsernve
an interesting fact: From a larger viewpoint
an industrial operation takes three inputs—
new emplovees, raw materials, and energy—
and converts them into three distinguishable
products {see Figure 13, First, there are the
salable praducts which are sold in the market-
place for profit. Sccond, there are waste
cfiluents which take the form of solid. liquid,
or gaseous materials —and in twen may contrib-

- .
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ute 10 the total enviranmeneal burden of air,
water and sail pollution. Third, theve is an
output from the system which is of direet con-
cern to those of us interesced in occupational
health—the exposed workers and retirees,
We bave implied, then, that the work en.
vironment is only part of a larger svstem.
Specifically, every work situation has three ele-
ments: a process (perhaps a limited operation
ot function task), a werk environment. and a
worker. Within an industrial nnit the pracess,
the work environment. and the warker are not
totaily independent entities. Each is affected,
or could be alfccted, by the other two cle-
ments. In many cases, onc connot alter a
process or even change a job procedure with-
out changing the quality of the work environ.
ment. A worker often has cnough latitude in
his work procedure to create differences in
the ¢earee of exposure he will encounter on
his job. All three of these items—the process,
the work enviranment, and the worker~—must
receive auention in an occupational health
})I’O:,'!’R!'ﬂ.

Tt is at this point that some of the fune-
tiopa! differences within the oceupational
heaith team become important and necessary.
Clearly, the physicians. the nurses, and the
supportive role of toxicology ust deal wich
the worker and his bealth; the industrial
hvgicnistt must deal primarile with the work
environment; and the logical extension of this
approath would have the engineers dealing
with the process—which, after all, is causing
the environmental stress in the first place.

The Need for Feedback

Contro} of health hazards in the work en-
vironment can be neither comprehensive not
complete unless we systematically use the in-
formation that such considerations yield, Ina
self-regulated system the ey element for con-
trol is “feedback.” This refers to a circularity
of the flow among two ar more parts of the
Avstem structure, Such an arrangement assures
that the output of the system is maintained at
a desired level. Typically, this requires con-
stant monitoring of the system output, a com-
parison of tht output with standards, evalua-
tion of any discrepancies, and a flow of infor-
mation concerning the abnormal ceviations
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back to other elements in the system structure
. so that the procedures may be changed if

nccessary.  Fizure 2 shows an example of a

simple closed-loop system with feedback.

Likewise, in industrial health we have a
critical need for fecdback information. We
must know the adequucy of specific environ-
mental eontrol techniques. We also must have

« feedback concerning our industrial hygicne
standards. Useful standards should he con-
tinually verified or modified as our knowledge
and experience grow.®

Figure 3 shows a system both for assuring
environmental control—including feedback on
the control techniques einploved—and for val-
idating industrial hygicne standards through
systematic documentation of exposure toaeth-
er with systematic medical surveillance of the
exposed worker. This combination industrial
hygiene and medical survey is a simple appli-
cation of a “systems analysis” because it inte-
grawes several functional specialties in our
ficld into a unit that moves toward the same
goal.

This particular appreach centers upon the
industrial hvgiene standard that could be a
basis but by no means the only basis for ¢ffec-
tive interaction amneng the parent disciplines

" represented in the overall system. Here then

we have a strategy for harpessing the toxi-
cological feedback sat is available frony the

exposed worker in terms of the efTect. if anv,
on his health ar the fevels of exposure mea.
sured in the work environment.

The engincering function is represented in
that part of the overall system that deals with
the Process and the Work Environment—as
opposed to that part af the system which deals
with the Worker,

I we separate out the Process-Environment
portion of the averall system we notice arstrik-
ing similarity with the typical engineering
control network. -

The Process—Environment System

Figure 4 depicts the Process-Environment
Systesn. This is represented as a closed-loop
control network that siresses the engineering
application of industrial hygiene standards,
Most engincers are not primarily concerned
with the requirements of industrial hygiene.
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Fiovre 2. A typical control system with feed.
back.

Yet, effective communication on how engi-
neering techniques can be utilized is an essen-
tial need and deserves more attention in
practice.

The advantage we have in this respect is
that enzincers in general tend to deal with as
large a system as they can bandle from a com-
putational standpoini. Therefore. the indus-
trial hvgiene standard could be used as an
engineering standard in a larger system that
includes the work environment.

Specifically, the design of a process should
be directly related to the acceptable degree of
environmental contamination by materials
used or produced by the process. Environ-
mental problems. unforwnavely, are often
created by poor engineering design. In other

PROCESS / mIAE INVIRENVINT / wCRega

ANVIN DR TAL A f
RACTILANCL e

AIOCAANT OF o
ACCUFTABMIEY Frrrt M

lﬂ::;:l.lkl aeeerang
AMYIRONUENT :2::1‘:

Ficree 3. An overall system in occupational

health.
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Fiovre 4. The Process~Environment System.

words, environmental control must start on
the drawing board.

Second, the operation of the process can
vary in a manner that will cause Auctuations
in the level of contamination of the work en-
vironment. Again the acceptable exposure
leve] serves as a guidepost toward which ali
future changes and improvements in the op-
eration of the processes should be dirceted.

Third, the industrial hygiene standard di-
rectly affects the measurement of contamina-
tion in a particular work environment—such
measurements 10 be used for judging accept-
ability of control, following comparison with
the standard that applies in that particular
case. With airborne chemical X, for example.
there may be several ways to measurc and
monitor airborne concentrations of that con-
taminant in the work room air. The level of
the threshold limit will often govern what
type of instrument is used, and thereby the
aceuracy of the resulting information.

Fourth, we often think of a thresheld limit
value as the standard against which the esti-
mate of the exposure is jucdged. but it is not
enough o take such judgment lor granted, for
often the comparison of the measurement and
the standard is made with inadequate infor-
mation, Fspecially in the use of muliple
guidelines, such as those of the Z-37 Commit-
tce of ANSI, we need a carefully planned
approach—both 1o gather the proper infor
mation and then to use it weaningfully,

Aarch-April, 1970

Finally. the measured deviation from the
industrial hygicne standard frequently points
the way to the type of engincering cantrol or
improvement that resubts when the measured
concentration exceeds the standard. In other
words. how {ar must we journey 16 arrive at
the desired degree of contaminant control?
If the deviation from the TLV is near zero,
there is a different set of aliernatives available
than i the measured exposure exceeds the
TLY’ by a gross amount.

Today's technological advances have
brought us cleser to the day when we can
control the work environment just as we
routinely control a manufacturing process.
First we have secn the development of con-
tinuous monitoring, which can be an effective
diagnostic tool for the identification of pre-
dominant sources of conmtamination in the
work cnvironment, the proper selection of
contamiinant control methads, and the docu.
mentation of occupational exposures.

The second development in this respect is
the digita] computer, \When coupled 1o an en-
vironmental imonitor the computer provides
an cffective means of reducing voluminous
amounts of information into manageable form.
These data. in turn. ¢an be used to show both
short-term and long-tenn trends of exposure.
When correlated with day-to-day plant oper-
ation such information can result in even
lower cxposures.*® In addition, such data can
be used to describe the exposures of workmen
in what is in efflect a continuing industrial
hygiene survey.

These two developments parallel the trend
in the process industries where “on-stream
process analyzers” and “computer applica-
tions” have mushroomed inte prominence.
Automatic regulation of product quality is
cornmonplace—and the marriage of instru-
mennation and the computer has provided the
engincering profession with some powerful
new techniques.

This is important to our field because our

allies in the engineering profession are in-

creasingly well-versed in such techniques, and
to the extent that engincers become engaged
in environmmental control, we can expect to
1ake advantage of these and other twechnologi-

cal advances in controlling the quality of the’
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work environment.

. Advantages of Process—Environment System
Adequate Surveillanee

A new process or facility should never be
considered acceprable from our point of view
until' studics have proved the environmental
control to be adequate. In view of the im-
portance of process operation and its cffect on
the quality of the work environment. environ.
mental surveillance often must be repeated
regularly or, better yet. made a permanent
feature of the Process-Environment System.

Frequcency of environmental sampling is an
important question, especially where we are
confronted with variable concentrations or
eyclic operations. A continuous monitor can
be invaluable when we tr to characterize the
environment in such a way that our measure-
ments are truly comparable with accepted
hygienic standards. Also. the use of multple
guidelines in the cantrol of the environinent
requires that a large number of regularly
spaced samples be used to cstimate the inten-
sity of exposure.

Figure 5 shows a schemaiic represenration
of a multipoint continuous monitor that
could be used to document exposures. and to
aid in the control of air concentrations,* The
several sampling probes exiend into work
areas where the worker spends his time during
normal work activity. The concentrations at
tach of his work areas—or sampling locations
—must be weighted according to the tine
spent there to estimate the time-weighted av-
erage concentration, the basis of most of the
threshold limit values.

- In addition, continuous monitors, if ap-
propriatel¥ used, offer other important ad-
vantages. Among these are: (1) diagnostic
air sampling, including time-dependent and
location-dependent  pauerns, (2) efficient
dacumentation, and (3) reduced material loss,

While controlling the air concentrations of
a contaminant in the work room it is often
possible to achieve an important savings from
reduced material loss, especially if the con-
taminant is a raw material or product. Here
is one area where it is very casy to enlist the
help of the engineer. His prime concern with
the economics of the operation of his process
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Ficure 3. Schematic diacram of a continuous
environmential monitoring system.

may help us to achieve our objective of limit-
ing emissions into the work room. Sometimes
it is possible to pay for a continuous monitor-
ing systom in a short time with the savings
realized by its use.

Figure 5 indicales that the information
from the schematic environmental monitor
flows through a “computer.” This again is in-
dicative of the changing technology that bears
on our ficld and at the same time opens new
doors of opportunity for us to do a better job.

A coniinuous analyzer generates a great
volume of infoermation. and the full use of the
data coming from such a device depends on
how well we can reduce the output to mean-
ingtul terms. The digital compnter offers us
great help at this point because it can quickly
translate a flood of concentration data into a
comprehensive summary. including several
parameters that may be of importance.

Proper Application of Standards

In a typical control system the error-detect-
ing mechanism s criticai. In the case of en-
vironmental surveillance, we are interested in
comparing the estimated worker exposure with
the appropriate industrial hvgienic standards.

Whenever volatile subsiances are present in
the work room, the concentrations will likely
fluctuate so widely that i1 will be advantageous
to monitor the eavironment continuously and
test it repeatediy against the various standards
that can be applied. In addition. the applica-
tion of hygienie standards as they are defined
virtually requires the use of continuous or
semicontinuous sampling procedures, reduc-
tion of the measurements to the appropriate
parameters, and then comparison with cach
of the appropriate guidelines.

For example, Table I shows the various in-
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Tante 1
Industrial Hyciene S:andard for Carbon
Tetrachloride
FLV ar.''scceprable B-he TWA™ 10 ppr
Acceptable cciling concentration 2 pran
Arceptable maximum coperntration for
peaks sbove accepahbie reslmc 200 pprm
Accepiable ol wea i
of S-minute duration (ur ﬂ-hr period 2

dustrial hygienc standards that are available
for carbon tetrachloride. To judge the ae-
ceptability of a particular work environment
using these parameters, we would necd a mea-
surement in the worker's breathing zone at
least every 5 minutes for 8 hours, "Fhis mini-
mum of 95 samples would then have to be
reduced to the various sampling statistics that
could be compared with the standards.

Relatively little attention has been ghven o
this problem of characterizing the work en-
viropment in a manner that will allow proper
application of hygivnic standards: it must re.
ceive niore attention in the Muture. Table 1I
shows one exposure sununary that could be
used to judge the intensity of exposure aloug
several guidelines, both short-term and long-
term.  This exposure summary covers a 7-day
period and reduces over 100.000 micasure-
ments to an nformative, compact table. The
information comes from & continuous environ-
mental monitor linked directly w0 a digital
computer,

Documentation aéld Feedback

The third advantage of the Process-Envi-

March-April, 1970

ronment concept is that adequate environ-
mental surveillance allows the use of foedback
to provide a check on our envivenmental con.-
trol efforts—to the extent that we correlate
the environmental information with medical
findings on the same worker population. we
can usce that feedback information o validate
or refine our hygicnic standords.

As the problems of concern in the work
room frem environmental stresses hecome
morc subtle and complex, the need for syse
tematic studies on the relationship between
expostire and consequence increases. and we
need more than ever to complement the re-
sults from laboratory studies with planned
systematic findings on groups of prople ex-
posed 1o the suspected agent under real
conditions.3-®7

Summary

+ Progress in our feld—occupational health
—will continue te depend on a “team ap-
proach” As Professor Hatch! pointed out,
we must continually examine the methods we
use 10 achieve results. Surely we must go

‘Bevond that and be willing o apply new

techniques to our field whenever it can be
demonstrated that such application will en.
able us to do a better job in conserving the
health of the worker in the industrial eaviren-
ment. The development of our profession will
depend on how well we integrate the common
interests that each diseipline brings 10 the field
of occupational health. Our progress will also

Taste 11
Data Summary from a Continucus Environmenial Meonitor

De¢parimentachemical plant
f Material  ~—gzihvl ehloride

Daze ~2/17769 1o 2/23/69
Samrrl::r‘ l;ﬁuton Job Classification
{time.weighted)
1 ? 3 4 5 1] A
Mean concentration 143 9.3 38E 428 1.3 2.3 268
Standard desiation 139 (-3 19.4 9.4 22.¢ 210 193
Frequency distribution
25 ppin a3 194 £0.5 100.0 00, 100.0
5 ppm 1.9 5.1 0.4 16.4 o S4 1.0 135
;m pom 0.5 0.2 3.4 0.2 6.7 14.5 T4
O ppin 0.2 00 0.4 0.0 1.1 0.3 Q.1
30 ppm o1 0.0 0.3 0.0 0.1 Qo 0.9
Maximum concentration
minules 913 66,2 167.0 1.6 1647 1703 75%
1 minutes 339 62.} bg.8 2.2 143.0 1500,2 &7.
) minuies 45.7 S RG.6 1.0 1.7 1214 50
- 1 hour 302 410 737 349 .9 1.9 1.5
4 hours 17.3 33.4 47.8 $.6 638 81.8 303
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Gordon Rescarch Conlerence

The 1970 Gordon Research Conference on Toxicelogy and Salety Evaluations
will be held at Kimball Union Academy, Meriden: New Hampshirve, July 27.
31. This conference has been of considerable interest to industrial hygienies
for a number of years hecause of the elose relationshin af problems encountered
in industrial health work. This vear the Chaivman is J. Wesley Clayion, Jr. and
Vice-Chainman is Edward ). Palmes. The proaram is as follows:

July 27, (R. A, Scala, discussion leadery: H. H. Cornish. “Serum isozvmes
and organ damage”: j. L. Radewski, "The mewboii«n of 1- and 2-naphthl-
amine as related 10 tarcinegenesis.? 7S, L. Friess, discussion leader): J. M.
Barnes, ~Toxic substances and the nervous systenn.”

July 28. (8. Epstein. discussion icader«: C. Jacobson, “Test systems for
the reproductive evaluation ol mutagens™; D. J. Kilian. “The role of ¢ytogenics
in evaluating the toxicity of chemical compounds.” “H. V. Malling, Discussion
leader) @ C. Vakanti. “Effects of psychowopic drugs on manunalian chromosoines
in vitro and in vivo observations.”

July 29, (C. H. Hine. discussion leader) : R, E. Hodaes. “The roke of human
studics in evaluating potendially hazardous agents™: L. H. Sehmidt, “What
nonhuman primates have taught us relative 1o the aciion of chemicals on living
systeins.”  {Sidney Leskovitz, discussion leaderi: B. Pernis, “Immunological
problems in toxicoloay.”

July 30. (3, B. Ennis, discussion leadert: D. O. King, “Rational Manage-
ment of the environment™: K. C. Barrons. “Benehits of agricultural chemicals.”
(J. P. Frawly, discussion leader): L. Cole, “The chemical threat to our en-
vironment.” .

July 31. (E. D. Palines. discussion leader) : T. Foin, “Technology, pepula-
tion and the environment,”

Attendance at the Conference is by application only.  Application forms and
full information regarding requireiments for attendance may be obtained by
writing to Dr. Alexander M. Cruickshaak, Director Gordon Research Confer-
ence, Pastore Chemical Laboratory, Universinv of Rhode Tsland. Kingeton,
Rhode Island 02880 (Tvlephone: 401-783-40t13, Applications for this Con-
ference should be submitted hefore June 1, 1970,
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Moniforing Exposures to Vinyl Chloride Vapor:
Breath Analysis and Continuous Air Sampling

ZDWARD D. BARETTA.* RICHARI) D, STEWART, M.D.* and
JOHN E. MUTCHLERT

Department of Enviranmental Medicier ‘farquette Schoot af Medicine. Miliwankee, Wisconsir,
end Environmental 11+ " -tion, Biochentical Research Laboratary,
The Dow Cheavcsn Company, Midland, Michigan

& An eaviconmental survey was conducted to detemnine 1he time-weighied average

exposure {TWA) of a group of chemical plant workers to vinyl chloride (VCDH
vapor. This survey feaured continuous multipoint air sampling aud analyds using an
nirared spectrophotosicter. The inhalaiion exposure data were divitized and record-
=d on paper tape for subscquent computer analysis and derivation of daily TwA
values for each worker. A breath sampling procram was conducted coneurrently
with the environnsental survey, and a series of breath deeay curves relating post-
rxposure breath concentration te vapor exposure were derived from the data. To
validate the breath curves derived {rom an-the-job data, postexposure breath curves
were alo constructed front breath data abtained folowing' experimental human
exposures to carefully controlled concentrations of VCl vapor. The close agreement
between postexposure breath concentrations al the cerresponding TWA's obtained
by each ‘of the methods supgesss that cither continuous air monitoring or breath
analysis is valid for cxtimating the worker's individual daily exposure to VCIL and
provides {uriher evidence that breath analysis is a usefu} industrial hygiene technigue
lor evaluating vapor exposurc.

Introguction by the large muuber and vanety ot tasks per-

HE QUESTION THAT MAY ARISE formed by todav's modeyn chemical plant
worker.

Revent improvements in autamate mom-
oring and data precescing equipment have
provided a means for a ore satidfactory <o-
fution.  Sequential samplers and autamatic
analvrers and recorders can now be used
to continuously monitor several lacations or
operations to provide more valid daw on
wlich ta base estimates of chemical exposure.
Computers can be utilized to manage the
large volume of data generated by continu-
ous monitoring.?

Meanwhile a technique has been under de-
velopment which more precisely defines the
level of individual exposure. The realization
that the total body burden of a volatile chem-
ical is dircetly related to its concentration in
expifed air led w0 the development of tech-

foliowing an envirommental  survey s
whether the chemical vapor concentratiens
measured are truly representative of the ex-
posure being experienced by the workmen.
Evaluation of the ranges of anusspheric con-
centrations and estimates of tme~weighted
average concentration (TWAY are all toa
often based on a few spot samples obtained
under conditions which are not representa-
tive of all phases of a given operation. A
more exact mraswement of vapor exposure
would have to be based on continuous moni-
toring of air in the workman’s breathing
zone during his entire work shift. Obvieusly
this task is mnade difficule and often impossible

— L=

This paper was presented a1 the American Industrial

[y

Hyciene Conference. St. Louix. Mirourr, May 13.17, 18,
*Marquette Scheol of Medicine, Milwankee. Wisconnn.
1The Dow Chemical Company, Midlund, Michigan.

niques for collecting and analyzing breath
samples useful in estimating the more indi-
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vidualized exposure expericnce of cach work-
man. Studies by Stewart ¢t al. % have shown
that the excretion or “decay™ of vapor in the
breath ¢an by used o characterize the ex-
posure. Breath decay cwrves constructed for
several chemical soivents have proved clin-
ically useful as an index to chemical expeo-
sure.

These breath decay cwves, for the mast
part, were constructed from  postexposure
breath data obtained hom experimental hu-
man exposures to carelully controiled and
relatively  constant vaper  concentrations.
However, breath decay cnrves have recently
been constructed from breath data collected
{from workers whase work eovironment wis
Leing continuously monitered.”

In this study of human exposure to vinyi
chloride (VCI' vapor. breath decay curves
constructed from data obtained during ex-
perinental exposures to the relatively uni-
form concentration within an exposure cham-
ber were compared with these derived at the
theoretically equal. but broadly fluctuating.
concentrations encountered in a cheniical
plant atmosphere. A measure of the validity
of continuous monitoring data and the use-

fulness of breath analysis in assessing time- |

weichted average exposure was reflected by
a close similarity between the two sets of
breath doecay” eurves.

WORK AREA "
STATION g STATION S

STATIOR 2 |:$TA‘I‘ION4 SYAT(ON 6

QUTSIDE AIR e R
STATION ! T
2 T s ie—
t BbebiE
s'——*-—-—'gn?ﬂ,r \ GTIZER
TROM
< eTe RELORDER
EXPOSURE
SUMMARY
| 1
TIME= WEIGHTED MEAN EXPOSURE » 001 Z AN
[Tk}

Whete Ti o meon concentrotion o) Stabien i
P, © pec eant of time spent et locohion
during normel work ectivity

Frerer 1, Schematic disgram of the infrared
contlnusus monitoring system.
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Procedures
Monitaring the Plant Atmosphere

The chemical installation surveyed wis a
closed structure housing several separaie
chemical processing operations. First, a job
survey was conducted for cach of four job
classifications to determine the work arcas
frequented by the workwien and the time they
spent in cach area, For each job classification.
five sampling probes were sirategically placed
in the work area. A sixth probe was placed
outside the building. and cliarcoal and silica
gel filters were placed in the sampling line
1o assure a clean air reference. The sawple
probes were 3/16-inch LI Saran wbing
through which air samplex were drawn by a
vacuum pump at a rate of 17.3 Jtersmin
10 a centrally Jocated infrared spectraphotom-
cter, The spectrophotometer was equipped
with a 10-meter path-lencth gas cel] sensi-
tive to 3 ppm of VCl at a wavelength of
10.63 microns. The VCl concentration was
linearly relared to absorbance up to approx-
imately 1000 ppm.

A schematic diagram of the sampling svs-
tem {s shown in Figure 1. Sampling was ex-
ccuted sequentially with a set of six nvosway
solenoid valves controfled by a timer which
advanced the sampling lecation cvery 3 min-
wes. A visual accoumt of ransmitiance was
recorded on a sirip chary recorder. Mean-
while e data were recorded in digital [nm
on paper tape by a tape punch and digitizer-
programmed to record three equally spaced
transmittances during the last half of each
5-minute sampling peviod.

The transmivance data [urnished by the
spectrophotometer was converied to absorh-
ance and reduced to concentration according
to Beer's law:

(X, —X%)

ATbosio iz =)

where
A = absorbance
X, = baseline responss.
X* = response at total absarption.
i = response at location £
i = 2,3.4,5. 6.

.
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Finally,

where
K = a proportionality constant.
C = concentration

The taped data were processed by a Dur-
roughs 5300 computer at The Dow Chemi-
cal Company Computation Rescarch Labora-
tory. The computer was used to caleulate
the mean and standard deviation of concen-
trations at each location for each 8-hour
work shift, Finally, time-weirhied average
concentrations were caleulated for each job
classification using the time-location datwa
obtained from the job surveys. As deseribed

“elsewhere,! the weighted percentage of time

during which concentrations exceeded sev-
eral prechosen Jevels was also computed for
use in establishing exposurc profiles.

Figure 2 describes the exposure profiles
(frequency distributionst for the four job
classifications studicd during this survey.
These profiles show the percentage of time
that concentrations exceeded the levels
shown. They surmmarize several tens of thou-
sands of individually measured concentra-
tions and reduce them to single cunves Figs
ure 3 shows the corrective trend broucht
about by actions undertaken to reduce the
atmospheric concentration of VG over the
7-month peried during which the smdy was
conducted. Only two job classifications war-
ranted extensive study, but wnen in all four
clagsifications were asked to partiopate in
the breath sampling program.

On-the-fob Breath Sampling

Three separate breath sampling programs
were conducted concurrently with the envir-
onmental plant survey, designated by the
boxed portions in Figure 3. Each worker
collected three breath samples daily—the first
on his arrival home from work. the sccond
5 to 10 hours later, and a final sample be-
fore returning to work the following day The
samples were collected in pipets construeted
fram short lengthis of 20-mm soft glass tubing
to which lad been welded at each end the
threaded portion af a 2-dram B-mly screw-
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Ficure 2. Exposure profiles expressed as VCI
vapor concentration versus the exposure irequency
distribution for the four job clasificatians,

cap glass vial (Figure 4. The overall lenuthy
of the pipet was about 9 inches, xo it could
be conveniently and inconspicuously truns-
ported to and from work i a lunch bucket.

The plastic caps were lined with six lavers
of Saran film identical ta that used far the
construction of Saran aiy smupling bags. A
3/32inch hole predrilled through oue of the
caps provided an access for withdrawing
samples. The Saran liners provided an el-
fective gas barrier so that vapor losces were
hel! w less than 107 lor a holding period
of 3 davs.

Wihen collecting o sample the subject was
asked to remove the caps. place the pipet to
his fips, and breathe normally in through his
nose and exhale through the piper three

4 GDAGULATON OPLNATOF
S ORATER QPREALTOR

o SLENER. MACRAGEN

. FOCYmin OFERATDA

——w——-—-—“-i
SE ARG TR SRS A ST SU TP
O [otetimin | Tikpihy |7GOApaaT] Wikt AHE [ AV L SR )

Froure 3. Weekly mean vapor expoture concen-
treations measured during the survey. Periods durs
ing which bremly sampling was conducied are rep-
resented by the boxedsin areas.

'
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Ficere 4. Glass pipet (50 ml} used for collects
ing breath sawples. One cap has a predrilled hole
for gas sampling. Both caps have Saran liners
which scal the pipet chamber.

times.  Aflter expeiling the fourth breath he
quickly caps the tube. trapping a portion of
alveolar air. The importance of writing the
name, date, exact time of sampling, and the
workshift most recently completed. on the
label attached to each pipet. was siressed.
Aliquots were drawn {rom the pipets with
a l-m! Hamilton eas-tight syringe and ana-
lvzed in an Acrograph A-600B gas chromato-

graph using N: carrivr gas and a hydrogen

flame detector. Separations were made with
a 6-foor, Y-inch 1. stainlessssteel column
packed with Carbowax 20M alkaline on
Chromasorb W 60/80 mesh acid-washed,

Exposure Chamber O peration

Three experimental human exposures to
VCI were conducted a: nominal vapor con-
centrations of 30, 230, and 500 ppm. The
exposure chamber was a room measuring 41
feet by 6 feet wide by 7.5 feet high. The
room had a continuous positive air supply
and exhaust system: capable of maintaining
a slight ncgative pressure within the cham-
ber. Continuous distribution of the cham-
ber air was achieved by recirculaiing the air
with a squirrel cage fan through « scries of
inlet and outlet ducis spanning the length of
the chamber, The VCI was nietered ino the
duct carrying air exhausted by the squirrel
cage fan and entered the room atmosphere
via the recirculation system at a rate sufficient
16 maintain the desired aumospheric concen-
tration. The vapors were introduced (rom a
pressurized storage cylinder through & feet
of Y-inch LI), stainlesssteel tubing into a
rotomcter prior to entering the circulating air
duct, A heating tape wrapped around the
stainless-steel tubing prevented condensation
of the YOI and stabilized the flow of the
vapor.

The concentration of VC in the chamber
was constantly monitored with a Perkin-El-

Nouvember-December, 1959

mer infrared spectrophotometer equipped
with a 10-meter path-lenath gas cell, A sam-
pling probe, consisting of 5/16.inch L.D. Sa-
ran tubing, was centrally located during tho
exposure to represent the breathing zone of
alt subjects within the chamber. The proin
was moved about prior to each cxposure o
detect imbalance of vapor concentrations
within the chamber so that necessury cor-
rections in the recirculating systiem could b
made. Air samples collected  periadicaliv
within the chamber throughout the exposure
day were analyzed by gas chiromatography for
added assuratice of anaiytical accuracy. Bo:i:
the inirared spectrophotometer and the gae
chromatograph were calibrated before cacu
experiment and atr intervals throughout the
exposure day.

Each 7.3-hour exposure day included 2
0.5-hour lunch period in an uncontaminazed
arca outside the cxposure chamber. The
TWA concentration was caiculated on the
basis of 7.5 hours of exposure.

Clinical and Laboratory Procedures

Each subject had been under carefui medi-
cal surveillance by the medical department

. for a number of years. and each was given a

complete medical examination a few davs”
prior to the VCI exposures. Included were
a complete urinalysis and 24-hour urine 7
urobilinogen. complete blood count switiv «i-
imentation rate, reticulocvte count. SGUT.
SGPT. LDH, alkaline phospiaase, BUN.
creatinine, and bilirubin,

Each subject received w repewn physica!
examination 1 hour Lejore entering the ex-
posure chamber. This examination inciud-
measurcuient of temperature. biood pres:
and pulse rate, a neurological examinarion.
and collection of blood and breath saminivs.
A questionnnire voting the presence of uny
symptams of iliness ffor example, headac iz,
nausca. dry throatd completed the pre-es-
posure medical evaluation.

After the subject entered the chamber.
total expired breath samples were collecied
every hour by having him breathe out through
a Saran tube leading to a Suran plastic eol
lection bag located outside the chamiber.
Tidal volume and total expiratory capacity
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were measured in the morning and again late
in tlic afternoon exposure periods,

Subjective and neurological responses were
measured  before  the subject entered  the
chamber, 13 miinutes after entrance, and at
1-hour intervals theveafter. Flannagan Co-
ordination and Crawford Manual Dexterity
Tests were conducied at widmorning and
again in the afternoon. Breath saapling be-
gan immediately after the subject left the
exposure chamber. A 24-hout postexposurc
utine sample was collected and a blood sam-
ple was drawn the following morning for
SGPT, LD, alkaline phosphatase, BUN.
creatinine, and bilirubin determinations.
Analysis of Breath Data

The decay curves [or the breath viovi chio-
ride concentrations were constructed by step-
wise mnltiple regression usine a digital com-
puter. An empirical reiationship of the form
Concentration = f {TWA, time) was select-
ed from a choice of several terms, each hased
onn TWA and-or time. The resulting regres-
sion equation best represents the ordered re-
lationship between breath vinyl chloride con-
centration, time-weighted average exposures,
and postexpostire time.

Each breath decay curve has an assaciated.

standard crror of regression which can be
used ta compute the confidence band for any
chosen lovel of significance. The 957: can-
fidence band far the mcan of a group of oh-
servations was chosen in this case o deseribe
the statistical ervor associated with the breath
data and the vegression tehnique,

Results
Experimental Breath Curves

A total of 13 men participated in the three
experimental chamber exposures at nominal
concentrations of 50, 230. and 500 ppm pro.
ducing a total of 160 valid breath dawa
points. Five of the six subjects exposed to 50
ppm were re-exposed at 500 ppm 2 days
fater. There was no measurable residual vinyi
chioride detected on the breaths of the sub-
jeets prior to the sccond exposure. Serial
breath sampling was initiated immediately
after the subjects left the exposure chamber
and continued up to 20 hours fnllowing the
exposures.

Tasre [
Experimental Human Exposure to Vinyl Ghloride

Chamber

Concesyrarion . )
. (ppmy Range FWA*  Nuaber ai
b 5.0 {ppm] Ippmy Subyjeets
39 2 £3- 53 48 [
261 8 289243 241 4
o : 3518471 59 3
! 3 A>-475 +41e T

sTFimie-nriehted average concentration based oa 7.3 huuss
including 3 v.5-hour Junch perivd in an uncontannnated
area.

VContinueus expoure for 3.5 hours.

Table I shows the analyzed concentration
1o which the subjects were exposed, Caleu-
lations of the mean and standatd deviation
of exposure concentration are based on chart
readings f1om the infrared spectophotoinerer
taken at 3-minute intervals over the two 3.3-
hour esposure periods. The TWA is based
on the wotal 7.5 hours which inciuded a U.5-
hour iunch period in an uncontaminated
area.

The final breath decay curves intended for
use as an index to VCl exposures were ad-
justed to TWA concentrations of 50, 250.

20ht LI
20 —t
N—os% CONFIDENCE BAND
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Figuxe 5. Breath decay curves based on experi-
mental human exposures to 30, 130, and 300 ppmn
of V'Cl (7.5-hour TWAJ.
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and 300 ppis (Ficure 35, A 100-ppm decay
curve was interpolated from the available
data using regression analysis. These curves
are presented with te caleulated 93¢5 con-

fidence bands for the mean of a group of ob- -

servations.

On-the-Job Breaih Curves

Ten workmen participated in the on-the-
job breath sampliny program, producing a
total of 91 usable seis of data. Ten percent
of the breath samples collected were discard-

ed because of pipet leakage or poor sampling .

techniques.

Absolute breath ievels ranged from about
20 ppm in onc sample taken less than 1 hour
after an 8-hour TWA of 230 ppm, to barely
detectable levels ¢ <0.05 ppm? in samples
taken after exposures at TWA's below 30

The extremely broad variation in the
TWA’s experienced by workmen during one
of the periods in which breath sampling was
being conducted is demonstrated for three
shifts of men bearing the job classification
“coagulator operator” (Figure 6). Minute,
houtly, and daily fluctuations in the concen-
tration of a contaminant are most deseriptive-
Iy revealed by continuous monitoring. This
method of sampling quickly points out the
fallacy of judging TWA and peak exposure
concentrations on the basis of spot sampling
or periodic surveys of briel duration.

The remarkable correlation between breath
concentration and correspanding TWA val-
ues. made it possible to construct the series
of breath decay curves shown in Figure 7,

November-December, 1969

with confidence bands only shighty wider
than those from controlled lhuman experi-
ments. The close similarity between  these
curves and those constructed fram controlled
exposure data are further illustrated in Fig-
ure 8.

Human Responses

From a subjective standpoint no significant
untoward affcets were noted at any of the
exposure concentrations. The only complaints
were those of two subjects who reported mild
headache and some dryness of their eves and
nose during the 500-ppm exposure experi-
ments,

No odor was derected by anvone entering
the exposure chamber at 30 ppm. At 250
ppm all four subjects entering the chamber
initially reported that they could detect «
very slight odor of the chemical. Five of the
scven subjects entering the expoeure cham-
ber at 500 ppm were able to detect the odor
of V'Cl. but after 3 minutes of exposure those.
five were unable to detect it even with forced
inspiration, Three of the four subjucts re-
entering the chamber after lunch were able

001 T Y
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Figere .7. Breath decay cmves derived fren:
breath daia collecied [rom workers falkowing on-
theajob exposures 1o VG vapor 18-hour TWASL
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o detect a faint odor of VCL One subject
could detect a faint odor on deep inspiration
for approximately 15 minutes after cntering
the exposure chamber.

The exposure had no noticeable effect on
ncurological responses, nor did it produce sig-
nificant changes in the results of mental, co-
ordination, or manual dexterity tests conduct-
cd during the exposure peried. All clinical
laboratory studics performed in the post-
exposure period were normal and not siznif-
cantly different from pre-exposure values.

Diseussion

The object of the environmental health
sutvey is to identily the atmospheric contam-
inant, determine the exposure level, and re-
lawe this to the health hazard it presents. If
onc s to judge hazard by ambicnt concen-
tration measurements, then those measure-
ments muit accurately deseribe the exposure
on a continuing individual basis. A carefully
conducted sunvey comnbining continuous anal-
ysis of the work room aunosphere with a
comprehensive job study will provide data
valid for cstimating time-weighted average
expasure.

On the other hand, breath decay curves
construcicd from breath data coliected dur-
ing continuous plant monitoring are in close
agreenient with those obtained from exposure
chamber experiments with VCIL These curves
should therefore be useful as a second meth-
od {or assessing exposure to VCI vapor.

‘The choice of whether one or both meth-
ads should be used depends on prevailing
circumstances and on the thoroughness de-
sired. For example, data useful in deserib-
ing peak exposures are obtained [rom con-
tinwous monitoring. Conewrrently, exposurc
wrends and concentration gradients may help
identify plant operational incfficiencies and
equipment malfunctions by revealing specific
sources of cmission. Correcting these prob-
lems not only restores a healthful work en-
vironment but often results in bonus savings
by reducing losses of raw material and prod-
uct.

Continuous monitoring, however, is ex-
wemely costly both in time and in the equip-
ment required. The scope of data acquired is
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Ficurx 8. Comparison of breath decay curves
derived from the on-the-job data and the experi-
mental human exposure data,

limited by the number of sampling probus,
and these probes arc not always capable
of aceurately measuring the individual's daily
exposure experiences. especially should these
involve nnusual incidences such as chemical
spills or exposures ouside the monitored
area,

Breath analysis has the advantage of in-
dividualizing et workers integrated daily
exposure. Breath decay curves, as an index
of cxposure, offer a mecans of catimating the
average daily individual exposure an the basiy
of a few breath samples taken serially in the
postexposure period. Conscequently breath
analysis can be used to diagnose as well as
quantitate an exposurc which has alreadv
occurred. It is a relatively inexpensive and
simple method which can be put into opera-
tion without extensive and costly preliminary
preparations,

However, postexposure breath analysis does
not provide information on the daily fluctua-
tions of exposure, and the peak exposure con-
centrations are not made eviden: by breath
data. Finally, breath analysis is not applica-
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ble to all chemicals, and breath deeay curves
established for one chemical are not useful
as an index of exposure to any other chem-
ical,

The decay curves presented bere are in-
tended to serve as an index of exposure to
vinyl chloride vapor and are based on an
exposure duration of 7.3 hours for the experi-
mental expasures, and 8 haurs for the on-the-
job study. The closr agreement hetween the
twa scts of curves and the narrow confidence
bands obtained in cach case dewonstrate the
usefulness and accuracy of both mcthods
for estimating 'I'\WA exprsures and indicatw
the importance of breath analvsis and the
need for expanding jits use in evaluating ex-
posures to other widely used velatile organic
chemicals.

Nuvember-December. 1969
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The Application of Compuler Science
to Industrial IIygiene

J. E. PETERSON, H. R. HOYLE, end E. J. SCHNEIDER

The Biochemical Research Laboratory. The Dow Chemical Company,
Afidland, Michigan

@& Automatic sampling and analysis of environmental aunospheres can result in
voluminous amounts of data deseribing cxposures 10 chemieals. The use of 3
digital computer te process such data and the udvantages and disadvantages of the

technique are presented,

Introduction

UTOMATIC AIR monitoring equipment

is expensive. Nevertheless. if it is used to
signal the need for action by operating per-
sonnel to climinate leaks and 10 effect needed
repairs of cquipment. its cost can easily be
justified in terms of reduced exposures, re-
duced hazards. and reduced loss of process
material.  Furthermore, if sample locations
are properly chosen. it provides data oo the
concentrations of air contaminants to which
men are exposed. That infermation. handled
properly, can be used to show long.tern
trends of exposure which. correlated with
plant operations, can result in still lower ex-
posures. In addition, such data can he used
to determine the exposures of workmen in
what is, in effect, a continuing industrial
hygiene survey. These data, in turn. could
be correlated with medical information on
cffects of the exposures to confirm or deny
present standards or to suggest new ones.

At The Dow Chemical Company, auto-
matic air sampling and analvsls were first
used in 1930 to snonitor air concentrations of
carbon tetrachloride in a production plant.
At that time no method was available for
handling the mass of data generated by the
air monitoring cquipment. Even though the
instrument was successfully employed by plant

———

Presenicd at tha Annual Meeting of the American Confer.
ence 1117 Covernmental [adwstrial Hygieniss, Houston, Toxas,
ay

supervision te control exposures. full e o
the data to estimate the average concenti.
tion to which men were exposed was 3. -
feasible. To illustrate: The instrument re.-
orded air concentrations at the rate of o
every six seconds: this is 432,000 times o+
month, ’
Decause the first continuous air meni -
was a success at day-to-day control, atin:
were installed in several plants during 1
1950°s. As each monitor was put into u.
even more information on workmens o
posures was “going to waste™ simply beear -
there was too much of it. The advent -
digial computers suzgested a solution. 1
ing advaniage of the fact that the Comgran
tions Research Laboratory had a Buot
3220 computer. the Envivonmental Resei
Laboratory in 1961 acquired a machine i
transinting air concentration data fress
recorder to punched paper tape. Continue -
air concentration data could then br st
bined with computer analysis to vield a s
more complete description of inhalwioa + -
pasures than had heretofore Leen posdibile
This paper recounts some of the proble:
involved, from the installation of air e
toring equipment to the interpretation of
data as summarized by the computer. Avt .-
data are uscd, but only for illustrative
poses, so plant. process, and even the air ¢3
taminant are immaterial. This is not a rep+”
»f an environmental survey;itisa pruner
the application of computer scivnce i -
trial hygiene.
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Obtaining Alr Samples

n automatic air Monitoring svstem. must
e scmsitive enough to detect concentrations
of significance 10 health. Sensitivity must
1 =¢ from concentrations that may be im-
r Jately hazardous to those that have little
or no significance even for prolonged, ve-
~ted exposures, The instrument should be
¢ ctive; it must respand only to the mate-
tel(s) Of interest. Tt inust be stable; it
should be unaffccted by minor (or even
« Jjor) variations of temperature, huwnidity,
yration, and line voltuge. The instrument
must be capable of operating unattended for
refatively fong petiods of time. Daily atten-
n by the operator, minor service weekly by
instrument man, and orcasional perform-
ance testing should be adequate to keep it in
seration. Finally, because a permanent rec-
d of air concentrations can be important.
voncentration data must be auteinatically re-
corded. Any continuous analyzer that satisfies
. 1ese specifications can be used. So far we
ave used only combustion-conductivity ins
struments and long-path gas celt infrared
«sectrometers; both types produce data suit.
ble for computer analysis,

Single-point monitering in a production
plant is seldom cconomical. TUsually the

walyzer is positioned at a ¢entral location in
e plant, and air sampies are brought con-

tinuously to it through probes of some sort..

Tubing used for these probes must not react
with, or sorb, the air contaminant of interest,

Preparing Data for Analysis

There is no method presentlv available for
reading results antomatically from multiple-
point chart paper into a computer. This
means that a device must be vsed 10 “digi-
tize™ the data as they are obtained. At the
winimum, the digitizer must translate the
analog data (wsually the position of a wiper
on the slide wire of a potentioweter? to digi-
tal form (for cxample, numbers) that can be
handled by the computer.

Berause data on the time of exposure can
minimize prograuting difliculties. the digitizer
includes a digital clock with an output of the

day numbcer, hour, and. minute. A switch
selects a “type of data” digit {from © to 9)
which s incorporated into the digitizer out-
put. An extra “type of data” {for example,
from an infraved specirometer or from a com-
bustion-conductivity analyzert <igit can allow
the computer to reject data that obwiously do
not belong with that being processed. To
minimize costs, punchied paper tape is used
to transfer data from the digitizer to the
computer.

For each datum the digitizer punches two
“words” on the tape. The first “word” con-
tains the day number, hour, and minute, as
well as the “type of data” identification num-
ber. The sceond “word” contains the probe
number and the actual datum which, in this
case, is & number {rom 0 to 999, propor-
tional to the concentration of the air con-
taminant. This informasion is obtained at a
rate that may vary {rom two tintes & minute
to once in 2.5 minures. Because collecting
cach datum generated is not always neces
sary, the digitizer can be programed to skip
the collection of some data. In every case,
onee data {rom probe No. 1 are punched onto
the tape, data from the other probes arc
obtained in scrial order, but the digitizer can
ignore all but every second, fifth, or tenth
scts of analyses.

Programing the Computer

We decided that the minimum time in the
data summary should be an cight-hour shift.
For this period the Dow Cotuputations Re-
search Laboratory programed the computer
to caleulate the mean concentration at each
locatian, the standard deviation of these data.
the percentage of time that the concentration
was above several presclected levels, and the
appropriate titme-weighted averages.

Computers are versatile. For instance, if
one probe is located to sample air outside the
buikling, the computer can be programed to
correct awomatically for deviations in the
“background.” Tt can take into account
peculiarities in the calibration curve of the
instrument used for air analvsis and can re-
cognize several kinds of errors in the data
and use only “good” data for calculations.
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Computer Output

The basic computer output consists of the
mwan cpncentration, standard deviation, num-
ber of analyses recarded, and percentage of
time the concentration was above preselected
levels. all at cach location for each shift duwr-

“ing the survey, Shift or daily averages can

also be obtained over any seiccled time inter-
val such as a week or a month. These data.
further identificd as 2o departinent, air con-
laminant, etc., are permanently stored on
magnetic tape.

The computer has been proaramed to re-
ject poor data such as that caused by a stick-
ing punch or by a faulty cncoder. If poor
data are being obtained, this {act is ofien
signaled first by an unexplained deerease in

. —

March-4 pril, 1965

Furthermore, assume that, over the time
period of interest. concentrations at il
data locations behaved in this mannee:

¢; of Time Concentration Exceeds Sclected
Values at Specified Locations

Concentration Data Location Ninpber
greater than 1 7 4 12

25 ppm 266367 28.68¢c 93.44C¢ 31.55¢;
30 1639 2213 20,08 2377
100 655 1065 1762 1147
250 163 204 1639 363
500 000 000 000 000

The time-weighted percentage of time spens
by nperators in concentrations above 25 jipu:
will then be:

(12.5) (26.63) + {3i.3) (28.68) + (18.8) {93.44) -+ (25.0) (31.55) + (12.4) (D} - M

100
the munber of analyses used by the computer
to obtain the shift averages. This has become
the normal signal for nonroutine maintenance
of the digitizing equipment.

In addition 1o the basic output. the com-
puter calculates time-weighted averages of
two kinds. The first kind is the “usual” time-
weighted average concentration to which men
are exposed. It is obtained by combining the
air analysis data.with “job analysis” infor-
ruation on the percentage of time spent hy
men in the vicinity of specific analyzer probes.
Job analysis information is also combined
with the data on the pereentage of time dur-
ing which concentrations exceed the prese-
lected levels. This results in a second kind of
average whici is the “time-weighted percen-
tage of time™ exposures exceeded the prese-
lected levels.

An example of how the time-weighted per-
centage of time is calculated is given below.
Assumc that the {ollowing information is true
for an operator in a plant:

Data Location Perveentage of Time Spent

Number at That Location
1 12.5
7 31.3
4 18.8
12 ' 25.0
Unexposed 124
100.0

3392

This means that on the average, during thr
time prrind of interest, men in the oprra-
tors classification encountered concentraticss
above 23 ppm 38925 of the time.

Similar calculations show that these me:,
encounteted concentrations above 30 pr.
28.24¢¢ of the time: above 100 ppm 10.95%
of the time: above 230 ppm 4.007% of tf-
time; and above 300 ppm 0.009Z of the tis.

Data Analysis

Automatic air monitoring reveals that .
an industrial sitvation the variation of ¢e-

- centration with time can be large despite tt-

use of a rather large time base. Figure 1 i

plot of daily time-weighted average convet.,

trations to which operators were exposed ¢
each shift over one weck. Bach point on tie
graph is the mean of several hundred det:-
minations spaced equally over an eight-hou
period. These are actual plant data.

On the sccond shift there was little varis
tion during the first four days, but over th
last three dgys of this period the shift averas
varied by a factor of almost four. If ur
threshold limit value (TLV) for this mkue:
rial were 30 ppm. an industrial hygienist tak-
ing nir samples during the frst three days e
the second shift would probably have -
clared that the hazard to health was low o
nonexistent. On the other hand, if he had

4 memem + e AmPemAEL. . A mmabe o
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Fraune 1. Daily timeweighted average

exposurcs for each shift from January

30 to February 5. Time-weighied average for the week (all shifts) was B2.32

PP

sampled on the Jast day of this period (on the
second shift) he couid have experienced a
strong inclination to “push the panic butten.”
Variation of concentration between shifts
can also be striking, as illustrated by a com-
parison of the third shift with the frst or
sceond shifts dudeg the first three davs.
Figure 2-places Figure | in a broader con-
text. Data for Figure 2 are also time-weighted
average concentrations to which operators
were exposed. The rather extreme variation
shown in Figure 1 for 2 time basis of one shift
can.be repeated for ftime basis of one weck.
The information contained in Figure 2 is
based upon hundreds of thousands of indi-
vidual air samples. -
_ Avérage concentrations and tine-weighted

,average concentrations are not the only data

winmaries provided by the computer; aver-
age concentrations are accompanied by the
sandard deviation of the data. Having the

" 'standard deviztion and using it quantitatively
5. 3re two different things, however, We do not

et know how to use such information effi-
ciently.

On the other hand, the spread or varia-
bility of the data is indicated in a more mean-
ingful manner by the percentage of time the
concentration exceeded certain levels. Figure
3 is a plot of the time-weighted percentage of
time above these levels on log-probability
paper. The interval-during which data were
gathered and the cperational classification are
identical to those in Figure 2. This graph
shows that the median concentraton to
which men on all shifts in this classification
were exposed was 40 ppm and that they
were exposed to 500 ppm or higher 252 of
the time.

The conventional plot (Figure 2) shows a
maximum concentration’ of about 135 ppm,
but it is onc of seven-day averages, wherens
Figure 3 is a swamation of instantancous
vajuecs. Both kinds of graph have advantages.
A conventional plot illustrates betrer how ex-
posures vary with time, and any trends be-
come rendily apparent, With this kind of
graph, however, the only usable index of ex.
posurc is the time-weighted average, 2 num~
ber of limited utility because it cannot reflect

\B
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