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ABSTRACT

The drastic reduction in the allowable exposure of workers to vinyl
chloride monomer (VCM) brought about by the Occupational Safety and Health
Administration led Union Carbide Corporation (UCC) to develop automatic
monitoring systems for use at production facilities which process VCM,

This paper describes what these systems consist of, how they function, and
how well they perform,

The present monitoring systems evolved durlng a project lasting for
approximately one vear. Ouring the first phase of the project, the analyzers
were installed, Each analyzer {s a chromatograph equipped with a strip chart
recorder, a 20 point stream selector, and a sampling system which includes
automatic introduction of a callbration sample on one stream, The measuring
range is 0-25 ppm VCM,

During the second phase of the project, data acquisition and processing
systems were developed and installed. These systems compute and print out raw
data and shift, daily, and monthly averages for each sample point, and the
averages for the entire unit. They also compute an estimated maximum employee
exposure to VCM, based on the average amount of time each employee spends near
each sample point,

The systems are performing very well and are now considred essential

operating tools at several UCC production units,
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INTRODUCTION

Early in 197k evidence was found indicating that prolonged exposure
to high-concentrations of vinyl chloride monomer (VCM) may be harmful to
human health., The Occupational Safety and Health Administration immediately
nublished an Emergency Temporary Standard for Exposure to Vinyl Chloride(})
whieh reduced the allowable B-hour average exposure of workers from 500 ppm

to 50 pom VCM, Several months later, the allowable 8-hour exvosure was re-

(2)

duced further to 1 ppm

At Union Carbide Corporation (UCC), a high priority program was initiated
to obtain automatic monitors which would provide personnel protection and
also aid operating personnel in determining sources of VCM emissions at the
vinyl resing manufacturing facilities., The UCC Special Instrumentation
Department (S1D) conducted a survey of instrumentation available to monitor
VCM, and prepared a recommendation with a cost estimate. This was completed
and approved by the business manager within ten days. Within another ten
days, the first monitor was installed and operating. Four more were del!verad
to preselected plant sites within five weeks after the project began.

Even before the monitors were selected, it was felt that an automatic
method of tabulating data would be needed eventually. Soon after the firs:
monitor was Installed, this anticipated need was confirmed, Late in 1574,
the decision was made to obtain data acquisition and printing capability for

all the monitors., This fina! phase of the project was completed before the

end of 1975.




Selection of Monitoring Systems

The first step in obtaining automatic monitoring systems was to
investigate the available methods for measuring VCM at low ppm concen-
trations., The initial measuring range desired was 0=100 ppm, but it was
anticipated that eventually a 0-10 ppm range might be required (the rance
's now 0-25 ppm). This was an Important consideration in the selection of
instruments, Other important factors considered were reliability, specificity,
ease of maintenance, delivery times and cost. It was fortunmate that high
sensitivity was considered nitially to be one of the important requirements,
hYecause now the users desire both accuracy and reproducibility to be within
+ 0.1 npm,

The investigation of methods which could meet the measuring requirements
auickly narrowed to two: infrared spectrometry and gas chromatography.

Total hydrocarbons analyzers (THA's) were eliminated from serious consideration
bSecause many different organic compounds were known to be present in the vinay!
resins operating areas, and a THA could not distinguish between VCM and most
of these other compounds. Other types of analyzers, such as those which
convert organic chlorides to hydrogen chloride and measure conductivity of an
aqueous solution containing HCl were also eliminated because of lack of
specificity.

Finally, infrared soectrometry was eliminated. Low cost infrared
analyzers ($3,000-$10,000) lacked the desired sensitivity and specificity.
More sophisticated systems such as the EQCOM Model FMS=7200 were accentable
except for the high cost (>$100,000). Gas chromatographs were also acceptable,
and cost only about $5,000 to $10,000. All these costs are for only the
analyzers; sgream selector, data acquisition, and installation costs are

additional.
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Although the EOCOM Model FMS-7200 was not selected for the VCM
measurement, it would be seriously considered for a problem where severa!l
pollutants were to be monitored at the same location. This system is capable
of measuring several compounds at a time, even at ppb concentrations, while
a chromatograph could measure only one or two with adequate resolution.
Tharefore, it would become more cost effective where several compounds wera
haing measured in a single area being monitored.

Thromatographs manufactured by various reliable instrument manufacturers
were considered for this project. However, a small, special purpose {Model
1200) chromatograph manufactured by Union Carbide for its own use was available
“or immediate dellvery, and at lower cost than the commercial units. In
addition, several! of these were already in use at the UCC plants where vinyl
resing are manufactured, so parts were stocked and instrument technicians
ware trained to service them. Therefore, the Model 1200 was chosen for the
VLM nroject,

The auxi'iary equipment included with each chromatograph was a 20 noint
electromechanical stream selector, and a strip chart recorder with an adjustable
hiah level alarm, all rmounted on a 24 by 52 inch panel. A stream switching
station, including a sample pumpn and stream switching valves, was also oro-
vided with each system,

After the first system was installed and performing satisfactorily, it
was found that manual tabulation and manipulation of the data from 720 aralyses
per day from each analyzer consumed too much time of the operating personnel.
Therefore, the decision was made to obtain data acquisition and reduction

systems. To provide a basis for the selection of data systems, operations personne
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representing each of the vinyl resinsg units described the type of data
they needed, Then a survey was begun by SID to select a reasonably priced
data acquisition system which would meet the requirements.

A small inexpensive microcomputer based on the Intel MC5+8 system
had fust been developed by Union Carbide. It was selected when the survey
revealed that it was the least expensive system available at that time
which met the data requirements and could be easily programmed by SID nersornel,
{tommercial systems can now be obtained for about $10,000-520,000, without
nrogramming).

Operations and S!D nersonnel collaborated to define the data re-
quirements more explicitly, This process was very tedious but important.
The nature of a data processor is such that once the basis for a program
has been established, it is very difficult to change certain aspects without
aoing back and starting over. In spite of the fact that considerable effort
was made by UCC to identify all the requirements before beginning prograrming,
an important requirement wa2s overlooked initially, and major reprogramminn
was requried to overcome the deficiency. The point overlooked was that da*a
pertaining to personnel working on a five day per week daytime schedule cou'd
not be obtained from the data logged according to the regular four rotatirg
shifts, Therefore, the systems had to be reprogrammed to allow for a 'fifth
shift'", This oversight cost several thousand dollars in programming time to
correct,

Soon after the data systems were selected for the first analyzers, five

additional vinyl chloride monitoring systems, complete with data systems, were

ordered. Figures 1 and 2 show one of the latest systems, including data

acquisition. These new monitoring systems are functionally the same as the




or'ginal systems except that the stream selection logic is orovided hv *-e
microcomputar rother than by *+he electromechanical stream selector,

famaral Systam Nascrintion

'n ~eneral, the YCM moni<oring system's operation is as follows:

Samn'e from each of '9 samole noints located throughout the sroduct’on
unte 's srouycht to the chromatocraph by a vacuum pump connected o tha 2pmnta
'*nas via a mar?fold and solenoid valves, Sample selection s brouchs ~out
by +the mierocomputer sequentially energizing the solenoid valves, one everv
two minytes. The samp'ae flows throush an alr cooler to drop out moisture, apd
tYnn a 0,5 ce aliquot s "nlected "nto the chromatogranph., As <oor as the samale
‘s n'anted, tha microcoemmuter starts the next stream purging, *“o ansure “ha< A
fengh samnle 's availablae, The VCM concentration obtained by the chromatearanh
‘s immadiately orinted out on a loca'ly mounted strip-chart recorder. '* 'n
A'so stored hy the microcomnuter for printout at the end of the aralvgnn % 277
ninatean sample noints and check sample, and For caleulat’on of various A-4n
suvmaries, Tha data summar’ns include the average VCM concentra*ion ~rd
s+tandard deviation for cach samole point and for the entire un’%, tha <ns-7
of +he numher of *'mes *ha VLM zoncentration exceeded a selacted 'eve!, ~-7 ~-
estimate of the average VCM concentration *o which each emmiovee was exrn-nd.
The microcomputer can also activate alarms when: (1) the VLM concentratior
any voint exceeds a praselacted 'evel,/2) the check sample ama'ys’s s ous
range, or, (3) the sample *low !s insufficlent. A detailed descrintior o~

system's components follows.

Samp!ing System

The goa' was to mon'tor as much of a production unlt as possible w'th

sach analyzer, Sut without an excessively long time between analyses of

diffarent areas. It was cecided *hat %here should normally Ye no more ““on




40 minutes between checks of each Individual area. The chromatograph
requires two minutes per aralysis, so each analyzer could monitor 20 sample
points. Since one sample per cycle was check gas, this meant that 19 arras
could be monitored. Production unit personnel determined the areas with the ’)
greatest potential for VCM leaks and it was at these locations that the
sampling stations were installed. Each sampling station (Fiqure 3) consists
of a cartridge filter protected with an inverted 6 inch funnel as a rainguard,
and each is connected to the monitor via 1/ Type 304 stainless steel tubing.
The tubing from each sample polnt was connected to a stream switching
station, controlled by the microcomputer, which sequentially delivers sample
from the 19 individual sample points, and check sample, to the analyzer. As
soon as a sample is injected into the chromatograph, the next sample is started
ourging through the entire system. In applications where there are 1ires that
are too long to be satisfactorily purged within the two minute cycle time
(i.e., over 200 feet), a duval pump Is used. One slde continuously pulls
sample from all of the longer sample lines. The other side of the pump
delivers the sample the remaining short distance to the analyzer. It also
delivers sample directly from the shorter sample lines. Whether a single or
dual pump is used, the amount of sample necessary to thoroughly flush the
Vine s in excess of what is required by the analyzer. Thls excess i=
vented outdoors,
Stream switching is accomplished through the use of 3«way solenoid
valves, In the de-energized state, each solenoid valve connects a sample
line to a manifold connected to the ''purge'' side of the pump. In the
energized state, the sample line is connected to the side of the pump which

delivers the sample to the chromatograph. The microcomputer allows an

operator to select one of three different modes of stream switching:




(1) Automatic orogression from Sample Polnt
No. 1 through Sample Point No. 20.
{2) Pepeated analysis of any one desired
sample noint,
(3) Automatic progression throuch all sample
points while alternately selecting a single
samole point, e.g., a sample progression of
1, &, 2, 4,3, b, erc,
The latter mode exterds *the Tlexihility of the system because it allows a
trouble snot to be monitored more frequently and the effacts of corrective
Actinn obseryed without negleeting the rest of the production unit., However,
it does Tengthen the time required to sample all the points,
Chromatogranh

The Union Carbide Model! 1200 chromatograph is a compact process snalyzer
equipped with solid state circuitry, including an electronic automat’c zaro.
't 13 ecuipped with a “lome ‘onization detector (3, 4) which !s vary sens’t va
to most organic compounds including vinyl chloride. It is surged with air ard
orovided with a purce-power safety interlock system permitting safe ope=z%"mn
in operating areas which can sometimes be hazardous (Class 1, Group D,
Division 2).

A sample valve in the analyzer injects a 0.5 cc sample into a three=
column system (Figure b4) every two minutes., The first column separates the
vinyl chloride from the high«hoiling compounds, such as viny! acetate, wh'ch
might be present in the sample. A column valve diverts the unwanted com-

pounds to vent, and at the proper time, dliverts the vinyl chloride to the
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. second column where it {s senorated from most remaining interferants. A
second column valve diverts these interferants to vent, and at the proper
time dﬁverts the vinyl chloride to the third column, where the final
senaration is made. (Some of the analyzers located where few interfarina
comnounds are present, contain only two columns).

The first two columns contain 20 percent lgepal €0-880 on a Chromasord
P suoport, The third column contains 20 percent Qctoil § on a Chromascrh 7
sunnort.

Calibration sample for <he chromatograph 1s 10 ppm VCM in a nitrogen
motrix, nrepared by the part’al pressure technique and kept in a steal
cylinder, 1t can be Introduced manually for calibration, and is automatically
‘ntroduced as Samonle No. 20 during normal operation. The microcomputer is
nrogrammed to verify that Sample No. 20 is always in range.

Pata and Alarm System

Sach monitor s equinped with a potentiometric strip-chart recorder
'ncated on the analyzer pane', but the bMeart of the data system Ts *he
Union Carbide Model 2800 M crocomputer, which is used In coniunction with
a G TermiNet 300 Prin%ter, The Model 280C was developed by Unicn Carhida
for n-house use. !t Is desigred around the Intel MCS-8 Microcomputer
System., It is an 8=bit para'lel processor with a typical instruction cycle
time of 12.5 mlcroseconds, and s capable of addressing 16,384 eight-bit
words of memory. The GE TermiNet 300 prints at a rate of 30 characters

ner second,

The result of each analysis is immediately printed out on the strip-

chart recorder at the same time the VCM is ''seen'' by the detector.
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Peferring to Figure 5, the wide bars are the sample point identificationr
bars; +ha length of each is »mrooortional to the sample point number It
raoresents. The line above “he sample point identification bar indicates
the VCM concentration at tha* sample point.

The microcomputer accents the raw analysis data from the analyzer,
ner{orms two checks *to determine that the data is valid, and then stores

the data for printout and for calculating a number of statistical sumraries

to nrovide information on probable employee exposure, These symmaries sre
nrovided on work shift, daily and monthly bases (Tables ! = 111).

Cre of the checks the microcomputer makes before storing a piece of
data 's to see whether the sampling system flow switch is actuated (i.e.,
samnle flow is fnsufficient). !f Tt is, an alarm is actuated and the word
"FLOW" s printed out instead of raw data for that sample point, and the
value s not included In caleculating the statistical summaries.

The other check is performed following each aralysis of the check
sample, !f the result odtalnad for the check sample does not lie batween
two preselected values, an alarm is actuated and the message ''CHECK RAS!
will appear on the next nrintout. Subsequent analyses values will be
nrinted out but not stored for use in calculating the statistical summories
until the result for the check sample returns %o an acceptable value.

A printout of results occurs upon completion of analysis of all twenty
sample points. The time of day is printed out with each line of data, At
the end of each work shif+, day and month, a summary of the data is printed

(Table 1),
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. Fach shift summary (Tahle 1) consists of the averaqge of the past ninhe
hours' analyses for each point, a tota! of the number of times the overall averoge
VCM concentration exceeded a oreset value, and a calculated average exnosure
by lah=tyne,  The job-type averages arc time-weichted averages for up to 16
difarent ‘ob types, which are based on the estimated average percent of time
a worker doing a particular “ype of job spends in the vicinty of cach =nmnle
noint he'ng amnalyzed, They are caleculated from the eight-hour averages.

The daily summary (Table 11) consists of two sections: 1) a summary
o0f *he nast 2h hours in the form of averages for each point and for the
en+ire ynit, and the number of times each point and the entire unit exceaded
the nreset 'imit: and 2) a month-to-date summary which consists of the average
and standard deviation of all data accumulated to date for the current month,
the total number of times each point exceeded the preset limit, and the
average number of times ner day cach point exceeded the limit.

The monthly summary {Table I!!) consists of six sections with the sare
format, one for each of the four sh'fts, one for day shift osersornel, nnd
one for the unit as a whole, Each section consists of a summary for +he

ntire month and contalins the average analysis value and standard cdeviation

m

for each sample point and for the entire unit, the total number of timres
each sample noint exceeded the nreset 1imit, the average number of times
per day each point exceeded the limit, an estimated average exposure anrd
standard deviation by job-type as described in the 8-hour summary, ard

finally, a calculated probadility that the employees of each job tyoe

were exposed to a concentration greater than the preset level, /
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' the amount of VCM in the sample {s above either of the two adlustzS'a
alarm levels preset in the microcomputer, an alarm is actuated. In orcder *o
heln 1t meat the regulations of Anril !, 1976 and to eliminate the "lag tima"
‘nvolved when the control room operator has *o relay alarm information to the
“'ald oparators, some of the systems are utilizing an additional outnut clrcul+
of +he microcomputer to act'vate warning lights located in cach of the monitored
areas. The light stays on unti] subsequent analysis of that samp'e nolinrt sheows
thn VCM rconcentration has returned to a safe level, Consideration has heen
ntven o ut®lizing “his same circultry to activate an annunclator which would
automactenlly olay a recording announcing which area Is unsafe. An 2'arm can
also be actuated If the Flow switeh in the sampling system detects a low flow
'm.a., a n'unged sample 1ine) or if the check sample analysis is beyond the
nreset values.

System Parformance

The nerformance of the monitoring system was checked to see “ow various
anyirommantal factors a““ected 1ts response., Extensive tests were =un wi*h
one of the snalyzers to determine its reproducinility under Yoth steady ard
unsteady-state ambient temnerature conditions, and to determine the 'nterfaranca
effact of the many diffarant compounds sometimes present in the ambient a’r of
the production units where VCM is monitored.

Under controlled ambient conditions, with the measuring range set *o 0-10
ppm, the readings from a 5 »npm VCM calibration sample reproduced withim =0.05 nnom
for 25 hours (Figure 6). A sample containing no VCM and another containirg '.7

pom reproduced slightly hetter.

In other tests, with the measuring range set to 0-25 ppm, the ' npm samnle

renroduced within #0.1 nom for 24 hours.
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The average VCM readings changed slightly as the ambient temperaturs

changed. The results are shown in Figure 7.

Ambient temperature changes produced another effect which might 'n some

circumstances have a small effect on the results. A rapld change in the
temnerature (3-4°C/min.) of the sample tubing mear the analyzer can change

the reading by as mueh as 20 néreent of the VCM ‘concentration. A

sudden increase of temperature increases the normal response from the samnla,
while a sudden decrease of temperature decreases the response, This apoarently
results from a small amount of adsorption of sample on the tubing walils., This
's not believed to he a serious problem for the existing applications, hut

the effect occurs, it can be reduced by insulating the sample tubing near the
analyzer o prevent ranid temnerature changes,

Operating personne! at the vinyl resins units were questioned concerning
what compounds might be present in the atmosphere at the units. Synthetic
samples of these compounds and others which wera known to elute near *he YCM
alution time were prepared and introduced into the analyzer to determire
whether any of them would Tnterfere with the VCM analysis, Methy! chloride
oroduced the greatest intarfarence of any of the compounds. 20 ppm methy!
chloride produced a response equivalent to 1 ppm VCM. High concentrations of
toluene were also found to cause some interference. 1000 ppm toluene preduced
a response equivalent to 6 nom VCM., This response to toluene was not immediate:
it showed up approximately 40 minutes after it was sampled. The complete

results of the tests are shown in Table V.




Tegts ware performed orm <wo differant samnle lirmaes instal’ed

&=

e was MO0 faat of 1/W' Tyne 204 s¥ainless s+«eel; the other, 125 faor o~ /00
na'yethylana, Vo reduction in the response %o a ! spm VCM samnle was Hﬂtvctﬂﬂ) L
h i

when aelted through the stainless steel Ylne. Also, the full resnonse was

nh*ratnad wishin the two mimute 2ralysis cyrle time. “owever, a 10ss of abon+

TNoanrernt A *he roasnonan fn tho aame 1 onpm osamplo cccureed when TF wos
nu'led through the nolyethy'ene line, even after several minutes,

Thaca tast wasy'ts and the poor mechanical properties of palyethylaene
Juatifind tha rocommerdation not to use it for sample 17nes in spite
nf aybhstantially "ower ing+a’lation costs,

‘n oranaral, the monitars have requ?red little maintenance and stay
on-"ine" nreater than 29% oF the tima, Periodically, a microswitch or
a'ectromechanical raelay has had to h»e renlaced in the glgomatograph, ard

sn'enoid vo'ves have khad %o be reolaced 'n the sampling systems., A nurher
¥ oroblems were encountered With the printars shortly after each was

atartad o, Myt once those were corrected, the nrinters have rot reenl-ad

A rrapt deal of maintenance.,
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System Utilization

The most important service the VCM monitors have performed is in he'p'ng
reduce YCM emissions by Tocating sources of leaks. 1t has helped engincers
datarfiipe the perpetual ¢rouble spots, which were remedied by equipmentfre-
dosign or replacement, and 1% stl]] helps shift personnel locate leaks due
tn enuinment malfunction. Wierever the VCM concentration exceeds an accontadle
value at any sample noint, one of the shift personnel goesi‘nto the vicinity of
e sample point with proper resniratory equipment and a portable organic vapor
onalyzer to locate the 'eak source.

'n most cases, the m2st'mated averace VCM exposure of each employee
calrulated by the microcomputer agrees cuite well with the data obtained

by rarben-+uhe and Sipoin nump worn Sy the employee. At one of UCC's

—

viny! res’ns units, agreement has been so gnod, they have done away with
requiring personnel to wear carbon tubes, and rely solely on the monitor's /
cata,

Th's emp’oyea exposure calculation has also been »ut to use in a s’ 'rghtly
diffareprt way. At one plant 'ocation, personnel are trying to determine '°
one of their Huildings can he de-requiated. They have entered ail *he
samo'e no'nts In that bulld®ng as one "lob'", so the microcomputer prints ou%

an easily referred to set of data on the building, along with the printout of

em>loyee exposure data.
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CONCLUSTON

The VCM monitoring systems which have Seen started up and debuaged Have
nerformed very well, The data have been obtained and logged on nermanent
records without consuming valuable onerator time. The systems have beern
valuvahle 'n rapidly detecting VCM emissions into the working cnvironment
so that mmediate corrective action can hHe taken and employee exposure
minimized. These or equivalent monitoring systems are essential to the
vinyl resing units in meeting the existing regulations affecting personro!
exnosura to VCM,

The systems are very sepsitive, accurate and relatively maintenance
Tree. VIM concentrationrs can be read to the nearest 0.1 ppm, and very few
comnounds a“fect the VCM rondings, Several built-in system checks, such as
samale flow and the automatic introduction of calibration gas help to ersure
“hat the dnta ohtalned 15 accurate and roliable.

Union Carbide considars the VCM monitoring systems to be comnletely
successul, and preferrad <o other z2pproaches for dealing with the VOM am’geinon
and ~mnloyea exposure oroblems., Similar systems would he useful 'n moni<orine

other volatile compounds which are suspected to be harmful to huran heal=",
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FIGURE 1.

TYPICAL VCM MONITOR INSTALLATION
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FIGURE 3. TYPICAL SAMPL ING STATION
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. TABLE 1
FORMAT FOR RAW DATA AND SHIFT SUMMARY
VINYL CHLORIDE-BY- CONTLUAUS NULTIRGINT-GAS—-CHROUATIGRARHICANALYS 16— : - —_
EXPERIMENTAL UNIT--NO TOWN, USA
06429475

SAMPLE POINT

02352 6.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 10,

D3s32 00 0.0 0.0 0.0 08 0.0 0.0 00 0,0 00 00 0.0 00 00 00 0000 00 0,010,
04812 - 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 O.0C 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1Q.
D452 0,0 Q.0 0.0 0,0 Q.! 0.0 0.0 0.2 0.0 0,0 0.0 Q.0 0.0 0.0 0,0 0,0 0.0 0,0 0.0 10,
05132 ¢.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ©.0 0.0 0.0 1Q.

‘ &
Q61352 ¢.0 0.0 0.0 0.V o©.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 .1 0.0 10,
07332 0.0 @g.,0 0.0 Q.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Q.0 0,0 0.0 0.0 0.0 0.0 0.0 340

8 HOUR AVERAGES A06/30/75 -
NUMBER OF TIMES EXCEEDING 5.0 PPMt 0

AVERAGE EXPOSURE BY JOB TYPE
() g 3

JoB10ei9.3 JOBiIls 0.0 JOBI2:14.8 JOBI3si2.8 JUBI4s12.9 JOBIS5215.2 JOBI6t12.8 JOBI7s 0.0

B SHIET ‘ -
MMMLQ&MMMM
08152 .0 0,0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0,0 0,0 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0.0 0.

Q0932 00 0.0 0,0 0.0 0.0 0.0 Q.0 0.0 0.0 0,0 0.0 0.0 00 0.0 0.0 0.0 0,0 0.0 0.010,
10512 ¢.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 lQ,

[ ]
11132 .0 0.0 0,0 0,0 0.0 0,0 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1712452 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 10,
T 13832 Q.0 0.{ 0,0 00 0.0 0.0 00 0.0 0.1 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.01Q,
, 14812 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0

-EMM&_WL&LMMMMM_&Q&
715832 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 iQu

2[ES .8 HOUR AVERAGES  B06/30/75 S
28 | 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0O,! 0.0 0,0'0.0 0.0 0.0 0.0 0.0 0.l 0.0 0.0 0.0 19,
M I.
-~

(S | 3

IYPE

JOBOOt 0.0 JOBOi321.6 JOBO2: 0.0 JOB03120.6 JOBO43i3.8 JOB053125.4 JuBo6s 13,1 JOB0OT7326.1
JOBI0s19.3  JOBlis 0.0 JOBI2e15.2 _JOBI3213.0 JOBI4313.0_ JOB15215.2  JOBI4313.0  JOBI7s 0.0




TABLE 1I

DAILY SUMMARY FORMAT WITH NON-FACTUAL DATA

VINYL CHLORIDE BY CONTINUOUS MULTIPOINT GAS CHROMATOGRAPHIC ANALYSIS
EXPERIMENTAL UNIT--NO TOWN, USA

—SUMMARY FOR 06730775

SAMPLE POINT

21 22 23 24 285 24 21 2R

13 34 35

a4 3l 318

ENTIRE

ple] iQ 31 32
GES

el O UBLLL

.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0,0 10.3 0.0

NUMBER OF TIMES EXCEEDING 5.0 PPM (EACH POINT)
Q Q Q0 Q 4] Q 0 0 0 Q 0 Q 0 0o 0 I3}

0 Q 0 0

MONTH=TO=DATE SUMMARY

AVERAGE FOR MONTH
0,3 0.t Q.1
STANDARD DEVIATION OF AVERAGE
1,7 1.6 0.5 Q,5 1.6 6.4 0.9 (.1

Q.6 2.9 0.4 0.8 0.1 0.9 1.1 6.3 0.9 3.7 0.9 0.6 2.5

NUMBER OF TIMES EXCEEDING 5.0 PPN (EACH POINT)

14 8 (4] i 20 137 10 7 3 c___5 -1 1 5106

1 i8 "

AVERAGE NUMBER OF TIMES PER DAY EXCEEDING 5.0 PPM (EACH POINT)
1 ] 0 o 2 17 i Q 0 4 ¢} 0 Q 0 o 13

— 4060

0 4 1 517




R DAY PRI~ e e

TABLE IIX

— MORTHLY SUMMARY FORMAT WITH NON-FACTUAL DATA
0.3 0.3 0.2 0.8 0.1

AVERAGE FOR MONTH

.2 0.2 0.3

-
—_—

0.2 2,2 0.3 1.3 0.3 10.2 0.5

STANDARD DEVIATION OF AVERAGE

.5

1.6 6A.3 0.7 2.8 1.2 0.8 2.1

NUIBER QF TIHES EXCEEDING 5.0 PPM (EACH POINT)

2 0 48 | 0 o] 3 0 a_ 0 a 1 35 ] a1 5 130
AVERAGE NUMBER OF TIMNES PER DAY EXCEEDING 5.0 PPM (EACH POINT)
O 0 Q 4] - g 0 0 [4] 0 o] 0 g Q 4 8] 3 0 16
B IYPE - :
JOBOOs 6.4 JOBO1333.7  JOBO2s 2.0 JOB03325.9 JUBO4317.0  JOB0S5:145.3  JOBOG6821.2  JOBO7$47.2
]
STANDARD DEVIATION ON AVERAGE EXPOSURE
JOBIOt 4.4 JOBIie 0.7 JOBI2s 2,7 JOBI3s 4.2 JOBI4s 7.1  JOBI5: 4.2 JOBi6t 6.6 JOBi7¢ 6.6
JUBO0391.9  JOBO19199.9  JOB02:51.7  JOB03199.9  JOB043199.9  JOB05:99.9  JUB063199.7  JOBO7199.9
uNix -
AVERAGE FOR MONTH
0.3 1.0 Q0,1 0.3 0.2 0.3 0,2 2,2 0.3 1.3 0.2 1a.1 0.6
STANDARD DEVIATION OF AVERAGE '
1
NUMBER OF TIMES EXCEEDING 5.0 PPM (EACH POINT) - -
14 8 0 1 20 137 j0 7 3 38 0 5 _6 7 S 106 7 I8 8 460
AVERAGE NUMBER OF TIMES PER DAY EXCEEDING 5.0 PPK (EACH POINT)
} 1 0 O 2 11 1 4 4] 0 0 a O 13 0 9 1 51
E_BY JOB TYPE
v JOBOO® 6.9 JOBO1s35,1  JOBO2s 2.1  JUB03126.]  J0BO4:17,2 JOBOS5s47.1  JUB06322.0  JOBO7149.2
: ]
gg* S '
&~ STANDARD DEVIATION ON AVERAGE EXPOSURE
et . JOROOS 7.4 JOBOte 7.8 JORQ2: 4.8 INRO3; 5.4 JOBRO4: A.1 JIBOSE 5.9 JOBOAG: 3.9  JOBO7: 7.0
@ JOB10s 5.9 JOB11s 1.1 JOBI2s 5.2 JUBI3s 6.5 JOBl4s 6.9 JOBISs 5.5 JOBI“s 2.5 JOBI7: 2,1
»
JOBOO174.9  JOB0I#99.9  JOBO2351.7 JOB033199.9 JOBO4$99.3  JOB05:99.9  J0OB03399.9  JOB0O7199.9
Q 3




TABLE IV

Response of VCM Monitor to
' ‘ Compounds Othar Than VC)
(Analyzer Range - 25 ppm Full Scalae)

Compound Concentration, ppm Response, as ppm VCM
acetaldehyde 25 None
acetone 10,000 None
butadiene 100 None
n=-butyl acrylate 1,000 1*
l=-butyne 100 . None
chlorine 100 None
ethyl chloride 100 , None
ethyleana oxide 100 None
hydrogen chloride loo None
isobutane 100 None
isobutylene 1,000 0.2
isopropancl 1,000 None
methanol 1,000 None
methyl acetate 1,000 None
mathyl chloride 20 0.6
methyl ethyl ketone 1,000 : None
n=nonane 1,000 ' None
l-pentene 100 Rone
tolusne 1,000 6%
trichloroethylene 1,000 None
vinyl acetate 1,000 None
methane
ethane
ethylene

! acetylene
propane
propylane 1,200 Total 0.6
allene
propyne
n-butane
l-butana
cis~2-butene

trans-2-butane

Interference does not appear immediately, but occurs approximatesly
20 samples later.

uce
023430




