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The National Institute for Occupational Safety and Health. Division of Physical Sciences and
Engineering has initiated a research program in control technology. Thn objective of this
program is to facilitate the implementation of effective preventative measures in order to
prevent occupational illness. The plastics and resins industry control technology assessment
has recently been completed. The obiec~ives of this study were to document and evaluate
effective control technology for plastics and resins polymerization plants. Particular
emphasis was given to PVC polymerization processes. since the relatively recent lowering in
the personal exposure limit for vinyl chloride monomer (VCM) to an 8-hour 1 ppm time-weighted
average has required the application of state-of-the-art controls. The present paper contains
a summary of the control technology that was found to be effective in controlling VCM in
processes manufacturing PVC by suspension. bulk. and dispersion polymerization.

control-technology. vinyl-chloride-monomers. plastics. resins. polymers.
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ABSTRACT
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The National Institute for Occupational Safety and Health. Division of Physical
Sciences and Engineering has initiated a research program in control technology.
The objective of this program is to facilitate the impl~mentation of effective
preventative measures in order to prevent occupational illness. The plastics
and resins industry control technology assessment has recently been completed.
The objectives of this study were to document and evaluate effective control
technology for plastics and resins polymerization plants. Particular empha­
sis.was given to PVC polymerization processes. since the relrtively recent
lO~'lering in the personal exposure limit for vinyl chloride monomer (Vat) to
an 8-hour 1 ppm time-\o1eighted .average has required the application of stale­
of-the-art controls. The present paper contains a summery of the control
technology that was found to be effective in controlling VCM in processes rnanu­
faeturing PVC by suspension. bulk. and dispersion polymerization •
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Controls necessary for VCM include process and equipment modification. isola­
tion. local and general ventilation. work practices. personal protective
equipment. workplace monitoring systems. employee/employer ccucation, and on­
going effort by both workers and management. All of these components must
function together as an integrated coordinated system in order to assure worker
protection under normal operating conditions or under conditions of process
upset or mRint~nance.
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INTRODUCTION

The t-:atiollal Institute for Occupational Safety and Health. Division of Physical

Scipllces and Engineering. has begun a research program in the area of control

technology. The objective of this program is to facilitate the implementation

of effective preventative measures (particularly engine(~ring controls) in order

to minimize occupational illness. Th? first phase of the program involves 8

I
series of industry-wide control technology assessments. These control techno-

logy assess~ents are being conducted or planned for plastics and resins.

foundries. textile finishing. non-ferrous smelters. dry cleaning. pesticides

manufacturing and formulating. cotton processes. and coal conversion processes.

The primary output of the studies is intended to be a document which will des-

cribe control techniques used by technically adv3nc~d companies in order to

promote the application of th~se measures throughout the industry on a voluntary

basis. The control technology assessment stuuies are structured so as to

provide illustrative examples of effective c~ntrols rather than definitive cases

of "best" contI"ols. The studies are also desigaed to identify control problems

which require further study (either by :nOSH or industry) in order to provide

satisfac~Qry solutions. Care i& tak~n during the course of the studies to safe-
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guard information ~7hich indi.vidual plants or companies regard as proprietary or

"tradl"l secret."

The implementation of effective pleventative measures on a voluntary basis

by industry \·1111 have several positive E-.ffccts. First. the mutual industry/

Inbor/governmcnt ohjective of preventing occupational illness will be promoted.

Secun~. the engineers nnd Jlygienists who are responsible for implc~cnting

1
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effective control menS\lres will benefit from the collective experiences (both

successes and failures) of inuustry and will thus be able to function more

efficiently. Finally, the Occupational Safety and Health Administration (OSHA)
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will probably be nble to operate less in B. "crisis" mode of regulation as

preventative engineering control measures are more \.lidely used.

The control technology assessment of the plastics and resins polymerization

industry is the filst of the NlOSH control technology studies to be completed.

The plastics and resins control technology assessments were done through a

16-month contract to Enviro Control, Inc., (ECI), Rockville, ~Iaryland,

(Contract 210-76-0122). The study was initiated in response to a series of

observed occupational health problems in the polymerization industry which

have resulted from exposure to monomers (such as vinyl chloride or acrylonlt-

rile), or from unkno\m sources (as in SBR plants).

The ECl control technology assessments involved a series of process control

technology case studies, in which control strategies and hnrdware were des-

cribed and evaluated for major polymerization processes with a val"iety of

polymers. The recent intense level of research, development and application of

control technology for Vinyl chloride monomer (VeN) and the fact that vinyl

chloride is manufactured by representative polymerization proceSSes dictated that

a major portion of the study should be devoted to vinyl chloride polym~rization.

The study involved an evaluation of control systems for thirteen polymerization

processes: six for PVC, two for ph~nolics, and one each for ABS-SA~, polystyreae,

SBR, epoxy, and TDT. A final report from the study is being published.

The present paper is intended to integrate the control technology that is used

for vinyl chloride polymerl.zation plants into a single discussion. Much of

the information contained in the present paper is taken directly fr0"1 the final

Eel report. The dlscu!;sion is intended to illustrate a nUli1h~r of innovative

2
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applications of ~ontrol technology by the chemical industry, but not to func-

tion as a definitive description of necessary and sufficient controls for

polymerization plants. In order to be of maximum use to the industrial communit:·)

the discussion includes substantial detail c~:mcerning the hardt.are (e.g ••

manufacturers' names) that is used in particular cases. l1ention of a manu-

facturer's name does not constitute endorsement by NIOSH. On the contrary.

NIOSH recognizes thlt the performance of different types of hardware (such as

equipment seals) can often vary widely even in similar applications within a

plant. Select ion of brands of ~ard\'lare must be done on a plhnt-by-plant.

case-by-case basis.

3
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PROCESSES AND HAZAr~S

PVC POLYHERIZATION PROCESSES

Three major types of polymerization processes are used to manufacture poly-

vinyl chloride (PVC) from vinyl chloride monomer (VCM). These processes are

mass (or bulk) polymerization, suspension polymerization. and emulsion (~ften

called dispersion) polymerization. Polymerization reactions in general are

highly exothermic, and the dramatic viscos:i.ty increase and phase change which

accompanies the polymerization reaction can complicate the control of process

and product parameters (such as temperature and polymer chain length). A

summary of the three PVC polymerization processes is given belO1:V'.

Suspension Polymerization

Suspension polymerization is the primary proce~'s for the manufac':".lre of PVC

resin in terms of production volume. A typical suspension polyrneri:~ation reac-

tion involves the addition of VCl1, water and various additives to a polymerization

reactor. agitation to suspend the V~I into 0.1-1 crn droplets with a continuous

water phase, heatup of the reaction mix to initiate the polymerization reaction.

and the application of cooling water to the reactor jacket in order to remove

the heat of polymerization as the reaction proceeds. At the end of the reaction

the PVC-water slurry is transferred to a vessel in ~hich the unrcacted VC~I is

removed (stripped) and subsequently recovered. The slurry is then pumped to a

centrifuge that separates the water from the PVC particles, and th~ PVC wet

cake from the centrifuge is dried and sent to bulk resin storar,e. '1\110 sl1spension

polymerization processes were sllTveyed in the ECI study. Flow sheets for

these proc.esscs are shOtffi in Vigures 1 and 2. The minor eli ffcrencefl in these

4
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flow sheets illustrate typical dlfferencp.s that exist between plants which

employ the same basic process.

Dispersion polymerization

Dispersion polymerization is similar to suspension, except that dispersion

polymerization involves the use of high shear mixers u· emUlsifiers to break

the VCH into submicron droplets (micelles) prior to the polymerization reaction.

Although the particle size has a large effect on reaction kinetics, major pro-

cess equipment for dispersion polymerization is similar to that for suspension

polymerization. The same reactors are often used for both tlpes of polynleri­

zatlon. Resin recovery and drying steps may be somewhat different due to the

particle size of the recovered product.

The Eel study involved t,JO dispersion polymerization processes. Flow sheets

for these processes are sholnl in Figures 3 and 4. A&ain, minor plant-to-plant

process variations occur as indic~ted in the flow sheets.

Bulk Polymerization

The bulk polymeri~atlon process for PVC (which involves the use of licensed

Pechiney-St. Gobain technology) is substantially different from suspension and

dispersion polymerization. The bulk polymerization process involves tt.~ direct

production of granular PVC in a reaction autoclave without the use of a dilution

solvent as A heat transfer medium. The first proce3s step involves the intro-

duction of VO--l wIth various additives to an agitated prepolymerization vessel.

Around 10% of the VCN is polymerized to form PVC in the prepolymerizer (result-

ing in the formation of many PVC nuclei), and this reacting mix is then introduced

to a horizontal cylindrical autoclave containing VCM and various additives. The

resulting process of additional polymerization on the nuclei ,,,hich hact been

formed in the prepolymcriKcr is roughly similAr (in principle, at least) to n

crystallization process. Ileat remOVAl is achieved prim3rily by condensation of

5
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VCM vapors on jacketed reactor surface~. Since the reaction temperature is

ma~ntained below the fusion point of PVC, a granular product is the result. At

th~ completion of the rcaction,unreacted VCM is stripped frow. the granular

product by applying heat and v~cuum to the reaction autoclave. The product is

then transferred to bulk rp.sin storage, Figure 5 sho'.s a typical bulk poly-

merization process. The ECI study involved an evaluation of the control

technology for two separate bulk polymerization proces~es.

HAZARDS AND EXPOSURE SOURCES

The following brief review of hazards, routes of occupational exposure, and key

sources of exposure for PVC polymerization plants is intended to serve a~ a

background for the discussion of control technology which follows.

Hazards

Vinyl chloride monomer is the chief recognized health hazard in the industry,

The 8-hour time weighted average (THA) permlssilbe exposure limit (PEL) for

VCH is I ppm. with a IS-minute ceiling of S ppm. PVC dust (8-hour TR'\ of

15 mg/m3 tot~l dust). noise (8-hour TWA of 90 dBA), various solvents and a

variety of minor additives (which generally do not have PEL standards) are

other recognized hazards. In general, the technological sophistication necessary

to maintain personal exposure to VCH belo" I ppm THA is adequate to control

the other recognized hazards in the industry (except perhaps noise). Therefore

the remainder of the discussIon on controls deals exclusively '-lith VCM.

Routes of Exposure

Since vinyl chloride monomer is a gas at room temperature. the chief route of

occupational exposure is through inhalation. Prior to 1974,significant der~31

contnct with VQI which occurred in manual reactor cleaning was associated with

acroosteolysis (hone degeneration in the hands). However, current V~I standards

result in th(' lise of sophistic<ltec1 control T:lCaS,lres (!-HICh LlS autom:lt.ed reactor

6
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cleDning) against !cspiraLory exposure, and th~se also greatly reduce dermal

exposure to VCN.

Sources of Exposure

VCM is normally contained in enclosed process systems during PVC polymerization

in order to avoid occupational exposure. In' general. any situation which violates

the integrity of these enclosed process systems presents the potential for

oC':cupational exposure to the monomer. Receipt and handling systems for bulk

VCM are seldom subject to cqllii'meJ.~ fail'it"~ because of t;le nature (one-phnse low

Viscosity compressed vapor) of hll.k VCl-r. Prc.cessing of FVC ufter monomer 5trip­
~

ping is likewise noL an import! n: suur:e ~~ axposure to V~I. High product

stability and relatively 10\.... af rirdt~· of tl.e monomer for WAter allow p.ffective

VCM stripping at thf' end of the polymerization process, so that further separa-

tion, drying and handling of the bulk polymer can be done with no apparent

exposure problem to VCN. The steps bet\o1cen handling bulk VCH and the stripping

of VOl from the final product polymer (including reactot' charging, polymerization."

handling the VOi-laden slurry. stripping, and VOl recovery) are the ones ~.,hich

require the application of effective control technology in order to prevent

occupational exposure to VC1. Some potential sources of occupational exposure

to VCM in polymerization plants are giv!n in Table 1 •
..-::"

PRINCIPLES OF CONTROL

Respiratory expOSllt"e to vinyl chloride \olhich may originate at the "problem" areas

outlined in Table 1 is minimi.zed throup,h the application of 3' number of ~·]el1-

kncnoffi principles of control. These principles are summar lzed in Table 2. Con-

troIs applied at or near the point of origin of the hazard are generally more

effective ttt minimizing occupational exposure than controls \l1hich are applied to

thQ general workplace. Nost occupational hnzarc1s (including VCH) require

controls at the point of origin of the hazard, in the general workplace

7
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Table 1. Potential sources of occupa':ional
exposure to VCN

--------------------------------------------------~-

}

I
!,­,
i

..,

I
j
f

I

i

Operation

Reactor charging

Polymerization

Post-polymerization slurry
handling

Post-polymerization maintenance
on reactor

VC~[ recovery system

Handling of contaminated process
,;aste

Handling of contaminated exhaust
air

Exposure Source

- opening reactors for adding batch
(solid) ingredients

- failure of gaskets around reactor
roam-mys

- agitator seal failure

- pump seal failure

maintenance required on plugged
lines and filters

failure at flanged or other con­
nections

- material sampling for quality
control

- cleaning PVC crust from reactor
internal surfaces

- equipment (compressor) failure

- failure of seals on compressors

- scrap PVC from reactor cleaning

- process wastewater

- inadvel'tent recirculation of VGI
laden exhaust air [rom ventilation
systems

8
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environment. and a~ the individual worker. These controls must function to-

gether as ~n integrated. coordinated system in order to provide worker

protection under normal operating conditions as well as under conditions of

process llpset or maintenance. Process or workplace monitoring/warnin~

systems, the education of both workers and mbnagem~nt concerning occupational

health. and surveillance of controls to ensure proper use and operating condi-

tions ar-e also important ingredients of a complete control system for VCH.

..
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Table 2. Principles of control

Point of application of
the control measure Control measure

At or near the hazard source Substitution of non-hazardous or
less hazardous material

Process modification

Equipment modifica'tion

Isolation of the source

Local exhaust ventilation

\lork practices

To the [;eneral 'vorkplace environ- General dilution ventilation
meot

Local room air cleaning devices

Hark practices

! .
I
:i
I

i

At or near the worker

Adjuncts to the above controls

9 <l

Hork prLlctices

Isolation of workers

Personal protective equipment

Process monitoring systems

Workplace monitoring systems

Education of \vorkers and manage­
ment

Surveillcncc and maintenance of
controls

Effective process-people interaction
and feedb3ck

c,



CONTROL TECHNIQUES FOR VGN

Control of VCM in PVC polymerization plants involves the application of the

principles of control to exposure sources such as those ~lJmmilrized above.

Reduction of a-hour TWA ~V'orker e>..-posures to 1 PPill has been a difficult

engineerillg challenge, and has required the use of virtually every available

control technique (except material substitution for V~1). In all cases, the

synthesis of a number of control techniques to form a control system has b~en

required in order to meet the 1 ppm VC~1 standard. The following discussion

describes the retrofit controls which have been installed on existing (pre­

1974) PVC plants in order to meet the 1 ppm 8-hour TWA standard for V~1.

PROCESS MODIFICAtION

Process design and modification is an effe~tive menns of reducing occupa­

tional exposure to VC1-1. in both bulk polymerization and suspension/dispersIon

polymerization processes. The inherent operating characteristics of th~ bulk

polymerization process (Figure 5) permit a rclntively high dcgr(~e of employee

exposure control. The process is totally enclosed until the polymerization

autoclaves are opened for resin transfer. At this point, residual Val levels

are exceedingly low because of the effectiveness of thc stripping operation.

The most important characteristic of the bulk process is tha~ the VeM does not

have to be suspended 01: emulsified in an aqueous or solvent medium. Th-ts

reduces the potential for employee exposure by:

o elimi.n'll"ing pCJst-polvl1ll~rizi'\tionscprlcation and dryin b :

o elimin;ltjng the ~xp()SUrc assoC'.l~te(l Hith solvent rC'covery or l<lOnOmer-

10
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contaminated ~~ste water dispoGal and treatment; and,

• allowing the use of low-temperature recovery condensers. which

lessens the potential for leaks and decreases VCM concentration

in the off-gas.

Another characteristic of the bulk polymerization process is the method by which

the heat of polymerization is removed from the reaction autoclave. In addition

to the jacketed autoclave surface. a reflux vapor condenser is used to remove

the heat generated during the polymerization reaction. Condensation of the veN

vapors on the condenser do~s not result in fouling of exchanper surfaces as would

be the case if the exchanger lJere in direct contac~ with the liquid reacting mass.

The need to enter the reactor vessel for maintenance purposes is therefore sub-

stantially reduced.

Process modifications are also useful in reducing exposure sources in susp~nsion/

emulsion polymerization processes. The most effective process modification to

date is the installation of stripping operations to remove and subsequently re-

cov~r residual vinyl chloride from the PVC slurry in the stripping tank and from

the vapor spaca in the reactor. as indicate~ in Figures 1 through 4.

In general, slurry stripping operations employ Loth vacuum and heat to remove the

VC~[ from the slurry. Details of many stripping processes are considered propri-

etary. In a typical stripping process, once the PVC slurry !jns been dumped from

the reactor into a stripping tank, the recovery compressors draw vacuuo on both

vessels. Th~ compLcssors are arranged in a two-stage operation with an intcr-

mediate heat exchanger between the first and second stages. A heat exchanger

folloH:ll1g the second compressor c.onclcnses the vinyl chloride at about 80 psi

preSSll re. The (;olld(~nscc1 vinyl chlor telc is pumped to an C1CCl\1nulator and trans-

11
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ferred to master tanks for future use. The inert gas accumulated in the syst~m

must be vented to the atmosphere following the final condenser stage after the

second compressor. A refrigerated heat exchanger is used to reduce trace levels

of vinyl chloride in the off-gas to acceptable standards as specified by the

Environmental Protectiorl Agency (EPA). During each shift, the system must be

purged of accumulatcQ vater (which varies in quantity from a pint to a fe,~

gallons per shift) to avoid damage to compressor heads. A numbE'r of varintions

on the above process (such as stream stripping, bubbling nitrogen through the

slurry~ thin film evaporators, etc.) may be used for stripping.

The stripping operation reduces exposure in t"70 ,~ays: (1) residual vin~,'l chloride

in the PVC slurry is substantially reduced (the levels are believed to be suf-

ficiently low to prevent further exposure dmmstream of the. stripping operntion

relative to the 1 ppm THA standard), and (2) vinyl chloride :i.n the empty reactor

vapor space is removed to the degree that the vessel may be opened following the

polymerization cycle without causing a ~igniEicant release of Vinyl chloride in-

to the w~rkplace. In general, the efficacy of slurry stripping depends on both

the vapor-liquid equilibrium of the monomer-slurry systernmd on the thermal stabi-

lity of the ·product ~olymer.

Another effective control measure involves the use of (proprietary) additives or

coatings to the polymerization reactors \-lhich reduce the crusting of polymer on

the reactor walls and other hent exchange surfaces.

The cntry and cleaning frcquenC'.y in one suspension polymerization process has

been reduced to once every 100 batches by the deve10pmcnt of proprietary anti-·

buildup coatings.

fI. fin:ll exnmplc o( effective process modification/design involves the use of

12
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gravity flow to nc~icvc slurry transfer in place of pumps. The equipmont failure

associated with pump seals is thus completely avoided.

EQUIPl'lEXT DESIGN AND I'tODIFICATION

Nodification of process equipment to achieve more complete ('nclosure ,·lith fe,,,er

breakdowns is the most common means of retrofit control in PVC polymerization

plants. Examples of eqllipment modificatloH are given belol~. By definition.

these modifications tend to be "hardware" oriented.

Air Lock for Addition of Solid Additives to a Dispersion Polymerization Reactor,
A potential for VCM escape exists ,~hen minor batch ingredients are dumped into

PVC pol}~erization reactors. This potential is reduced substantially by the use

of a simple air lock entry system as depicted in Figure 6.

The top valve is opened and the ingredients are dumped through the feed spout

into the air lock. Any dust or ~"pors generated are removed by a flexible ex-

h~ust duct positioned in the SpOIlt. The tap valve is closed, the bottom valve is

opened and the ingredients drop into the tank. The bottom valve is then closed.

Any VCN trapped in the air lock beu"een bntchcs would be exhausted ,.,hen the top

valve is opened at the start of the next charging operation.

Use of Dual Interlocked Rupture Discs on Bulk Polymerization Autoclaves

'1110 sets of rupture discs are employed on typicCll hulk polymerization prepoly-

nerizers and autoclaves (as sho~m in Figure 7) to Tilinimize "dOlvn time" in the

event safe pressures are exce~dcd.

Ench set consists of two rupture discs in series with a by-pass line coming out

of the space between the tlvO discs nnd a sll1.:l11 relief valv(~ that can disch.:uge to

iJ point oCl\'7nstre<llii if the llpp<~r disc blol·ts. This disc :lrrangel1lenl was devised to

13
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compensate for problems caused by persistent pin hole corrosion in tile lower
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rupture discs. Substitution of available materials o[ construction did not

eliminate the pin hole corrosion of the discs. The leaks created a condition

,..hieh could have allowed the reactor pressure to go well beyond the safe

working prcs.:;;ure; 1. e .• a leak 'wuld gradually allO\~ the pressure across the

lower disc to equalize. The autoclave pressure could then rise to twice the

blowout pressure of the disc. The 10 psi relief valve by-pass prevents this

c~nditioa from occurring and thus eliminates the potential for a catastrophic

exposure caused by vessel rupture .

The valves preceding the discs are interlocked to assure positive engagement

of the neu rupture disc ",hen the valve ah~ad of the ruptured disc is closed.

Equipment for the Treatment and Disposal of Contmninated Process l']aste t-1ater

Dispersion and suspension polymerization proces8es have various process waste

water streams containing small quantitites of vinyl chloride that must be dis-

charged. In order to eliminate these as a source of vinyl chloride escape to

dIe vorkplace and also to the environment, it is necessary to remove the vinyl

chloride from these streama prior to discharge into the sump. In one ca~e a

blend tank was modified to receive the liquid streams fro~:

• Blow downs from both compressor separators

D Recovered vinyl chloride filter drains

~ Knockout pot drains

o Hater drain from lJUre vinyl chloride HE'igh tank, recovered vinyl chloride

storace tank and master mix tanks

~ Water drain from recovered vinyl chloride receivers

e Drains [ro:ll nIl cbarge filters
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The tank is equipped with a relief valve set at 150 psi and pressure control

devices to maintain vacuum at all times. The vacuum is applied via the vapor

line connc~tion (refer to Figure 8) to the inlet of the recovery system and

varies from a maximum of 22 inches Hg at no load to as low as 4 inches l~ at

maximum vapor loads. Heat for the operation is supplied solely by the sensible

heat in the inlet water~ which enters at approximately 1000 to 1200 F. The

vinyl chloride recovered in the containment system is transferred to the vinyl

cll10ride recovery system.

Seals and Fittings

Each PVC plant which was surveyed has an ongoing prograill to identify process

seills and fittings which \.,rill minimize leaks of VCH to the \·lorkplace. The

folloWing are examples of particular seals and fittings which are being used in

PVC polymerization pltints.

The seals and fittings used in one bulk polyme~ization plant are as follows:

VCllves --

pur eccentric pll1gvalves have replaced all Pacific ball valves. Plant engi-

nee ring and maintenance personnel believe that historical data indicate that

Hil valves are the b~st for VCH service at this plant.

Automatic blind valves mnnufactllred by the Hilton Valve Co~paDY have been in-

stalled on several prepoly~crizcr lines. If the field tests continue to be

successful, the valves \"i11 replace all manual blind valves. Then employees

wi.ll not 'wve to m~llually c.hange these v<llv(~s and expDsure will be subs tan-

'tially reduceu. The present TIlElnual blind valves \Jill be retained as a backup.

;\ double blo~k nod hlced system \!ith Hills NcKcnna butterfly valves <11so
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worked well. HOI.7eve r • workers did not accept the system because tile:y could

not readily d,'!t ermine if the valve was open or closed.

Agitator Shaft Seals --

Both ends of the autoclave have packed seals with grease maintained at 300 to

400 psi. A patent is pending for a sensing syst~rn that determines when exces-

sive grease is used and. therefore. when maintenance is required.

The prepolymerizer agitator has double mechanical seals pressurized with mineral

oil. These seals last one to two years without requiring maintenance.· However,

the preventive maintenance programs dictate that they be changed at the first

of each year.

Recovery Compressor

This compressor was a large source of VCM escape (refer to Figure 9). ~~en the

compressor was down (and before automatic valve 3 was installed), val would be

forced by pressure differentinl from the recovery system b~ck into the second

stage of the compressor. From here it would pass through the first stage,

into the crankcase. and finally into the workplace. To alleviate this problem,

(1) automatic inlet and exit block valves were installed and are closed as

soon as the compr.essor stops (this prevents Vorl from bleeding back into the

compressor); (2) double mechanical seals are used where the ~C~l came out of

the crankcase; and, (3) inflatable rubber donuts encased in spool pieces were

installed on the shaft just before it enters the crankcase.

The mechanical seals are pressurized with nitrogen during operation to prevent

leakage to the work area. If seal failure occurs on the seal In contact with

the process stream, the nitrogen will leak into the process strenm.

16
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Pumps

PUr.lPS used for transporting VCM or process streams containing VQI are located

outdoors. The pumps ar~ equipped with double mechanical seals with pressurized

wat~~/glyc01 solutions between the seals ..

Aut~clave leaks --

Periodically. leaks devclcp in welds on the agitator shafts. Since the auto-

clave pressure is much greater than the water pr<;!ssure :".n the shaft, V<:M leaks

into the water. Until the welds can be permanently repajre~. maintenance per-

sonnel use epoxy as a ~atching material. A vented air eliminator is used to

concentrate and remove the VQ1 from the water that is used to pressurize the

seal. The VCM release is vented to a stack, Any VCM dissolved in the water

in the seal would be released when the reactor jackets are heated at the onset

of the reaction.

A second bulk polymerization plant employed seals and fittings as follows:

Valves --

Various types of valves have been evaluated for specific applications. In

some instances, superior valves were found that reduced leaks and maintenance

requirements. In general, most ball valves were phased out and replaced with

butterfly valves.

?repolymerizer --

The agitator shafts have Pfaudler oil seals under nitrogen pressure greater

than the maximum vessel pressure" It was reported that no replacements have

been required for these seals in over two years and leaks arc infrequent.
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Autoclave --

The ribbon-mixer drive shaft seal is packed with grease under a pressure of

approximately 200 psi. which is greater than the maximum working pressure in

the vessel. Preventive maintenance is required twice a week to make adjustments,

which generally consistsof manually adjusting the piston in the grease cart-

ridge to maintain the required grease pressure. The packing usually lasts one

year.

Compressor Seals --

The recovery compressor seals are pressurized with nitrogen at a pressure

greater. than the vo·t pressure. Any leaks in a seal result in nitrogen leaking

into the monomer-recovery plumbing and a build-up of noncondensable gases (N2'

etc.) in the recovc: system. The computer system will react to this b1tuation

•
~

t
i

by al~rting the operators to check the compressor seal. However, compressor

seal failure has been very rare.

Pumps

Pumps used for transporting VCM or process streams containing VQI are located

outdoors. Teflon packing material is used in pump seals because of its res is-

tDnce to vcr-I.

Seals and fittings used in a dispersion/suspension polymerization process are
I

as fo110\"5:

Sza1s --

The double mechanical seals are also used with compressors, pumps Rnd agitators

in both dispersion and suspensiop polymerization processes. Seals that are

uRed with process streams containing VCM are often pressurized with 8 solution

of glycerine and water. The glycerine is comp3tible with' the process stream

18
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and reduces the risk of the seals freezing in cold weather) in addition to

functioning as a lubrica~t.

Vinyl Chloride Weigh Scales --

Periodic leaks have occurred from the weigh scale relief line flanges and the

rupture disc holders. both were changed from 120 psL flat face to 150 psi

raised face connections to reduce leakage. The raised flange is a male/female

arrangement providing a smaller and more secure gasket contact area and, hence,

a better seal. In addition, the male mating surface consist f of a continuous

spiral groove that prevents the direct passage of vinyl chloride to the work-

place in the event of a leak. The modifications have been very successful.

As indicated in the above discussion) there is no consensus on the single most

effcct:l.ve brand of seals or fittings for the PVC polymerization industry. Each

plant hos irlentified particular types of s~als and fittings that are effective

under the particular process conditions in the plant. Particular manufacturers

names are given only as examples Gf specific applications. and their mention in

the present paper is not an endorsement of that particular brand of equipment.

PROCESS OR EQUIPHENT ISOLATION

Process or equip!!lE:!1t isolation is achieved through a number of techniques. One

technique is the use of computers for process control. With a few exceptions,

each PVC process is computer controlled. This allows a reduction in employee

exposure because (1) th~ number of operators required to run the process is

drcrcased; (2) the operators spend a significant amount of time in an enclosed

control room (where exposure is essentially zero) mAintain0d at a pressure

slightly high~r than the outside; and (3) operators do not have ~xtensive inter-

aetion \·rith llw process ~...hich eliminates errors and the concolilitant expof>ures.

19



').
•

Thus. the number of exposed employees. the amount of time spent in a potenti-

ally hazardous area and the likelihood of a significant release of vinyl

chloride are all reduced.

A second technique is the use of physical harriers or distance to isolnte

equipment which is particularly likely to develop leaks. Limiting employee

nccess to certain areas during particularly hazardous operations may also be

used. VCM pumps are often located outdoors. V~t compressors are ofteu

isolated in veIlt~lat~d enclosures. Other potentially troublesome pieces of

process equipment are similarly isolated.

LOCAL EXHAUST VENTILATION

The process/cqu~pment modification and isolation procedures described above

are augmented by local exhaust ventilation.

The usual purpose of local exhaust ventilation systems in industry is to remove

emissions of toxic contaminants from permanent process sources that are not

controlled by process enclosure or other methods. Since PVC volymerization

processes ar" designed to be fully enclosed and without permahent emission

sources. a novel local exhaust strategy is necessary - one fl~xible enough to

deal effectively with multiple. periodic leaks occurring in a variable and un-

predictable manner.

The local exhaust systems that have been evolved for PVC processes are both

effective and efficient from an energy-conservation standpoint. In One typical

case (for bulk polymerization). a total of 34 process points were selected for

installation of permnnent exhaust hoods or flexible-hose entry sleeves. on Ule

basis of potential for leakage. Because mnny of the process points arc idcnti-

cal Clnd repeated for each operating ]in2. the toLal numher of distinct types of

20
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exhaust takeoffs is reduced to 11, as follows:

Additives entry funnel (.142 m3 /s [300 cfml)

Autoclave shaft seal ho;d (.189 m3 /s [400 efm])

All blind flanges (.156 - .189 m3 /s [300 ~ 400 cfm])

Recovery c08prespor (.7.83 m3 /s [600 efm])

Low-pressure vc~r filters in the recovery area (.212 rn3 /s [450 cf~])

High-pressure VeN filters in the recovery area (.212 m~/s [450 efm])

Prepolymerizcr Yar~ay valves (.179 rn3 /s [380 efm]) ,

(1) Autoclave filter manheads (.189 m /s [400 cfm*])

(2) Vacuum brake valves (.104 m3 /s [220 efm])

(3) Autoclave drive end shaft seal (.189 m3 /s [400 cfm])

Recovery manifold bleed valve (.094 m3 /s [200 cfm])(I.)

(5)

(6)

t (7)
!,
!,

(8),
t

(9)

(10)

(11)

The first seven of these exh~ust points consist only of a duct connection

sleeve into an enclosure surrounding the individual piece of equiprr.ent.

The additives er.try funnel exhaust (no. 8) consists simply of a flexible

exhaust duct cl:copped into the funnel. The final three points consist of

permanently affixed hoods that were custom designed to fit the geometry of

the specific flange, autoclave and compressor. Each of the hoods and

enclosures crn be exhausted by connecting it with individually accessible flexible

exhaust ducts (J I - 25' long) extending from a COT:'r.1.on main duct. An ir.,portant

*These are design air flow rates used in calculations for estimating the
required blower capacity, i.e., on the basis of these flow rates and the
number of br<!nches op~~n "t a. given time the total cfm capi.lcity \,';'15 calculated.
Actual flo'.oJ rate;, an~ cquCll to or greatAr than design values.
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secondary function of this system is the containment of leaks at process points

other than those already listed. If there are no leaks in an area served by

a given flexible duct. it is "deadheaded" or blocked off '"ith metal plugs or

branch dampers.

The distinctive feature of the system is that it is used solely as an adjunct

to the leak detection and prevention program. i.e'., the exhaust is provided

to a given hood or enclosure sleeve on a "need" basis, Hhen a leak is detected at

that point.

The logic behind the system is simple and compelling. If the individual hoods

or enclosures were exhausted constantly. leaks would be masked and could not

be isolated and corrected, and the leak detection and prevention program

would be circumvented. This 'olOuld be unacceptable because the overall VeE

containment strategy hinges on engineering modifications that will prevent

leaks rather than exhaust them. An additional objection is t.he large expense

of installing a system to clean exhausted ai.r to meet the EPA requireoents of no

more than 10 ppm VCN in vented air. Such a system Hould be necessary if leaks

were allowed to continue and control depended solely on local exhaust ventilation.
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GE:-IERAL DILUTION VENTILATION

General ventilation is not intended to be a primary means of control in PVC

polymerizat ion plnnts. Figure 10 shm'1s a typical general ventilat ion scheme

for these plnnts. Under normal conditions the system provides approxi~ately

19 air changes per hour during winter and 37 air changes per hour during

summer and/or emergency r~nditions. The emergency ventilation Rystem is

operated manually when the gas monitoring system detects 900 ppm or more of

VCM. ,
The system is designed for a relatively consistent airflow from the south to

the north end of the building. The exhaust fans are located on two levels

to correspond to toe two process areas, separated by an open grate floor.

This reduces the amount of air flowing through the grating so that a leak in

one process area \-1111 not cause high VCN levels in the other.

A solid floor wns installed over the open grating between the penthouse and

the main process building. This floor has eliminated VCH excursions 'into the

penthouse by effectively segregating it from the process area where leaks may

occur.

TIle benefits from the system ar~ twofold. Of primary importance is the high

air change rate which provides dilution to reduce VCM concentratiolls fro;n pro-

cess leaks. Also due to the location of the exhaust fans J leaks 1n one a~ea

do not usually exert a large contaminating influence on other areas due to the

overall direction of the flow.

Ventilation systems are designed so as to avoid inadvertant recirculation of
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VQ1. Typically. the vent stack outlet is located well above (e.g .• 80 ft.)

the top of the process building in order to prevent vented VCH from re-enter-

ing any process building. The vent stack is used to intermittently dispose

of small quantities of VOl during normal operations and for venting VCM leaks

until proper maintenance can he performed.

'·IORK PRACTICES

Work practices are an essential adjunct to the extensive engineering control

"hardt.1are" \oJhich has been previously discussed.

\Jo-rk practices are given below.

Reactor and Autoclave Degassinp, and Cleaning

Specific examples of effective
t

1Iiii..i..••' ............. _

Effective, safe work practices have been important in preventing employee ex-

posure to VCM during routine maintenance and cleanup operations on the

inside of autoclaves and reaction vessels.

Typical procedures for bulk poiymerization processes are as follows:

Prepolymerizcr Degassing Ope~a~ion --

The degassing procedure for this vessel is dependent on whether operator entry
. ..

is planned follo~Jing the cycle. If entry is not required. a single vacuum to

2.6 psia is pulled by the two-stage recovery compressor and the residual VCH
I

goes to the re~overy system. If operator entry is required (approxioatelyonce

per day), a multiple degassJug sequence is required. First, the recovery corn-

pressor draws a vacuum to 2.1 psi, first breaking the vacuum with

nitrogen. then ,-lith air. The manhole is opened and a flexible duct exh<lust is

immediotely inserted. Prior to entry. the vessel air is checked for VCM es-

cape ,.,hen the mam-Jay is opened for entry. Employees ,.,rho enter the vessel are
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required to wear respiratory protection; minimizing VCM concentrations reduces

the exposure potential for these employees also.

Autoclave Degassing Operation --

A three-stage degassing procedure is used to remove residual VCH from the ves­

scI vapor space and the PVC resin. First. the vent line valves are opened.

allowing the autoclave pressure to force VCN vapor to the recovery condenser.

This process continues until the pressure has been reduced to 70 psi. at which

time the recovery compressor is started. The compressor pults vacuum to 2.6

psia ar.d the steam stripping operation is begun. After a time. the vacuum

pump is activated· and the autoclave pressure is reduced to 2.1 psia (depending

on the resin. the steam may be cut off prior to the vacuum pump activation).

Nitrog~n is used to break the vacuum to slightly below atmospheric pressure

and the resin is then ready for transfer. Prior to operator entry. the nitrogen

is removed by airflow induced by the resin ~ransfer operation.

This procens removes virtually all VCM from the autoclave vapor space and re­

duces residual VCH in the resin to belm., 400 ppm. The VCM in the resin diffuses

very slowly over a long period of time so that VCM concentrations around all

dOHnstream operations are greatly reduced and the potential for further exposure

is essentially eliminated. As with the propolymerizer degassing process. poten­

tial exposure to VOl when employees open and enter the vessel'is reduced

sl.lbstanti;,.lly.

Typical procedures for suspension or dispersion polymerization are as follows:

Reactor Degassing and Cleaning Procedure --

After the fully reacted PVC slurry is transferred from the reactor to the
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stripper. it is necessary to remove VQI from the reactor air space prior to

opening the vessel for cleaning. The recovery compressor pulls suction on

the reactor for about I hour to a vacuum pressure of 22 inch~s of mercury

(previo'lsly 30 minutes and a vacuum pressure of 20 inches of mercury). Next,

the reactor is purged with nitrogen, which is vented to the atmosphere. The

exhaust system is hooked up at th~ bottom of the reactor and the man~ay is

unbolted and lifted slightly to check the airflow. If there is no inward

£101"', the exhaust duct is checked for plugs and cleared and airflow is again

checked. The manway is never opened fully until the airflow is assured. Next,

the m:lOway is removed and the reactor is purged ,dth the amb:l.ent air. After

approximately an hour, a high pressure l'later lance is inserted into the top of

the reactor and connected to a water hose inserted at the hottom of the reactor.

(Prior to the use of the water lance. operators had to manually clean the re-

actor walls after each batch). Finally, the cleaning woter is drained from the

reactor. Once a week the reactor bottom is cleaned with a 3D je.t nozzle. This

has eliminated yet another manual cleaning operation.

Housekeeping

General housekeeping is important in maintaining workplace VCM levels. parti-

cularly in the disposal of VeN-laden PVC scrap or process waste water. In one

bulk polymerization process, PVC crust and residual powder cleaned from the

autoclaves Here previo1Jsly put into a drum llhich l·ms usually left in the

reactor area. It was comMon to record VCH levels greater than 100 ppm in areas

arollml the drum. This problem \...as alleviated by insistinz that employees move

the scrap outdoors immediately after the autoclave has been cleaned. This

ex~rnple illustrates the importance of good housekeeping, wllich is well rccog-

nized by plant personnel responsible for reducing vOt exposure levels. For
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this purpose. there are t,...o full-time employees whose sole responsibility is

assurio~ good hou~ekp.eping in the reaction and resin classification areas.

In a dispersion polymerization process, prior to 1975. VCM contaminated pro-

ces~ liquids were drained to open sewers in the buildings. In most cases this

procedure was modified to transport these liquid~ outside of the plant to

open pits. However, this caused periodically high VCM excursions outside and

frequently the V~I drifted into buildings and created employee exposure.

Presently. most of tho process liquids are piped to a close~holding tank for

trentment and recycle or disposal. This change has effected a s~bstantial

decrease in the frequency and severity of VCtol excursions.

~.,rork Practices in Nainton<lClCe Operations

Good II1~rk practices are necessary to minimize the potential for employee

exposure during maintenance operations. M3intenance operations present a

particularly se-ious potential for exposure to VOl in suspension and disper-

sian polymeri~ation processes because of frequent equipment plugging and

failure associated with slurry handling and transport. Several specific

examples of good work pcactic~s for maintenance operations in suspension!

dispersion polymerization processes are given below.

One example concerns gRs~et usage. In 1975, the leak detecti~n progra~ identi-

fied a recurring problem 'Jith reactor mnml1ay gasket leakage '''hlch often led

to VGI concentration in excess of 100 ppm. First, all new gaskets were examin~d

and many were found to be defective. The problem was discussed with the vendor

and subs~quent shipments were satisfactory. Also, a significant portion of the

lC.:Jkagc '.J.J.!> dctenrdr.cd to be a rt~sult of improper securing techniques by the

rc';Jctor operators. A re-emphasis and retraining program Ims initiated and the

frf'qll(~nc:y of !(;,r:lkagc ",as su~sequl)ntly dimi.nish~d.
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Another signifir.ant source of employee expsoure for both dispersion and sus-

pension polymerization processes was the frequent maintenance operations

necessary to clean the high pressure recovered VOl fi Her. l-/hen the filter
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was neglected until totally plugged, extensive time \"as required for main-

tenance and exposure to VCM was very high. This problem has been reduced by

cleaning the filters on a routine basis; that is, before they become totally

plugged. A hot water (HOC -16DOF» injection system was installed to reduce

the amount of vinyl chloride in the filter prior to opening. This has

appreciably reduced the exposure potential associated with changing the filters.

A third example involves maintenance procedures on cuno filters (used for re-

moving oversized particles from the PVC slurry). Piping modifications have

been made to cuno cartridge filters such that they may be drained and flushed

with l.-ater before opening for cleaning. Although employees must still l.Jl2ar

respiratory protection during the cleaning operation, vinyl chloride esc~pe is

substuntially reduced. Filter opening Bnd cleaning n0 longer causes high vlnyl

chloride concentrations in areas remote to the filters.

ProcesD-Worker Interaction

The optimum use of work practices as a method of control for PVC plants requires

a substantial amount of process-worker interaction. Nechanical control devices

have the advantage of being programmed to perform a given task in exactly the

same manner each time, with the associated disadvantage of inflexibility in

exercising judgement to respond to particul~r situations. Trained operators can

exercise judgc~ent, but are sometimes subject to inadvertant errors. Ideally.

the reliability of mcchnnical contl-ol dEO'vices should be used to backup the

operators, and the judGement of the operators should supplement the mcC'hnnical
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control devices. A number of applications of this concept arc used in PVC

plants.

In some cases, mechanical stepping s\olitches are used [0 control valve opera-

tions, pressure switches, weight set points, analog controller set points and

other sequential operations. The mechanical sequencer will not"proceed until

clearance is received from process condition sensors or from a s\~itch triggered

by the operator. The operators are tr.us required to interact with the control

system 1n certain critical process steps. The potential for/large releases

of Vet! by avoidIng manual operation of process equipment. It also reduces the

number of op~rators necessary to run the process.

In one bulk polymerization plant. each prepolymerizer and autoclave has a

,",arnine light system to warn the operator of possible error and thus reduce

VCH emissions. t.;rhen the light is red, vessel manways cannot be opened. spec-.

tacle valves cannot be changed and degassing filter spool pieces cannot be

removed. A green light indicates that there is nO pressure on the system and

lines or vessels are clear of val.

Other typical types of proccss-\~orker interactions involve step-by-step chec~

lists. Each step has to be signed off and the critical steps'have to be

double-checked and signed. For example, any spectacle valva change is a two

person operation; i.e .• one operator will change it and one will verify that it

has been changed.

Another impor tant a rea of process-Horker interact ion involves the leak "- Leet ion

and prevention procedures used by PVC plants.
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Rapid leak detection is critical to the success of vinyl chloride control pro~

grams. since (1) it allows the timely containment and/or repair of leaks soon

after they occur (since most leaks develop slo\"ly. they may be contained before

large emissions of vinyl chloride develop) and, (2) it assists in reducing ex­

posure by activating visual alarms when hazardous conc~ntrations of vinyl

chloride exist and respiratory protection is necessary.

The basis of the system is a VQ1-specific workplace gas chromatograph moni­

toring net\'lOrk consisting of a number of strategically placed air sampling

heads. Air samples are typically taken every 10 to 20 minutes. The system

is generally tied into the process control computer so that any level from

1 to 5 ppm will set off alarm lights. requiring that respirators be used or

that employees evacuate the area to the control room.

Once a warning light is activated. an employee will use a portable hydrocarbon

detector to determine the exact location of the leak(s). The local exhal,st

system is then used to contain the leak until repairs can be made and a main­

tenance work order is made out. The nature and location of each leak is

recorded and these records are periodically analyzed for trends and planned

engineering needs.

~1nny plant engineers involved in the vinyl chloride control p~ogram consider

rapid leak drtection the most important control technique other than the VOl

stripping process. On a regular schedule, an employee uses a portable hydro­

carbon detector to check all potential leak sources. VCH le.:lks can thll~ be

detected early when they are small and the resulting exposure ar~R is not

extensive. t~ny leaks are detected and repaired or contnined well before the

nutomntic monitoring system Hould be aIel-ted. Hark orders resul t iog from the
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search and secure program carry priority status. EACh month, these records

are aualyzcd and summarized by top management and either n~w control goals are

established or ongoing oncs are followed up.

t
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PERSONAL PROTECTIVE EQUIPMENT

Typical respiratory protection programs follow the requireMents of the OSH~

regulations for vinyl chloride. Implementation of protective equipment mea­

sures is activated by the workplace gas chromatograph monitoring system.

Employees are required to use a half-face supplied air line system when the

amber \-.1arning light (vinyl chloride reading greater thun 1 ppm) is activated.

This type of respiratory protection is also required when employees perform

specific job taskB \-.1hich are suspected of releasing vinyl chloride. A flashing

red light (vinyl chloride greater than 5 ppm) also dictates the use of the half­

face supplied air line system. The difference between the two alarms is that

the flashing red light means that employees must use the air line respirator

when moving from ana air plug to another. If the monitoring system detects a

"disaster" (vinyl chloride concentration in excess of 900 ppm). an alarm is

sounded and the bUilding must be evacuated. A self-contained air pack is re­

quired for re-entry tnto the building.

\.;Then employees enter a reactor for cleaning or other maintenance, protective

clothing is required to prevent skin contact with vinyl chloride contQminated

liquids. The clothing includes a cotton (or Tyvex) work uniform. gloves, a

head covering and impervious boots. A full-face supplied air respirator is

also required. Work uniforms are provided daily for all employees and showers

are generally encouraged but not required.

32



.'

..

l·!ORKER ISOLATIml

lolorker isolation is achieved in most PVC plants through the uSe of centralized

process control rooms.

Process controls are typically located in an enclosed control room under

positive pressure from an independent air handling system. As an average.

employee time distribution is as follotJS for one bulk polymerization plant:

Since the VCH concentration is essentially zero in the control room. most em-

ployces are isolated from the exposure area for. a lar.ge segment of the shift.

Employee time distributions for most other plants should be roughly comparable

to the above figures.

\.JORKPLACE r-l0iilITORING SYSTEHS

I

Tuo types of \Jorkplnce monitoring systems as used in PVC pl::Jnts are discussed

belot·l.

Honitorlng Systems tdth a Gas Chromatograph Sensor

Cas chro!natographs have been used in industrial applications for monitoring

process streams and controlling tl1C performance of process equipment in re-

fineries and ch~mical plants for uver 18 years. Much of the technology
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developed for the monitoring and control of industrIal processes is directly

applicable for aren monitoring of workplace environments in PVC manufacturing

plants. Gns chromatographic monitoring instrument systems similar to the one

described here have been used for a nUI~ber of industrial applications for

nlonitoring workplace air. A block diagram [or a typical system is given in

Figure 11.

Workplace samples are collected hy a series of sensor probes which are located

in work area breathing zones near known potential emission points. The probes

are equipped with dust deflecting screen filters and are connected to the sample

selector system by means of thin-walled 1/1.- inch diameter tubing. The sample

selector system ~ransfers the desired sample flo\iT directly to the chromatographic

analyzer for analysis. Air is coni:.lnuCJusly drawn through each probe to as~ure

that a fresh sample is available for each sample point \Jhen n~eded at the sample

selector.

The samples are analyzed by a chromatographic analyzer which has a ternperature-

controlled oven containing the sample valves, GC columns, column switching valves,

heaters and detector cell. The area outside the oven contains the pressur~

regulators for gas flo\,] control and the electronics for the temperature control

and detector operation. Th~ unit is designed for extended operation without

maintenance or manual calibration. The instrument companies \"ith equivalent

analyzers are Bendix, Beckman, Honeyl-lcll. and Process Analyzers. Inc.

The samplin~~ sequ[~nce is dictntec1 by a programmer. I,hieh is designed to operate

the valve BwitchinB operRtions within the cllromatographic analyzer and the sample

selection. and to interface I·lith the 01ltput frO:ll the detector elecU'onics 10-

eaten in the chro':latoliraphic analyzer. Th(~ sign:ll output from the pro~~r~ll:I;ner is
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transmitted to a computer and a strip chart recorder thnt displays a bar

graph readout. Instrument companies that manufacture comparable programmers

t
I
!

f
~
;
~,

I

l

are Bendix. Beckman and Honeywell.

Each plant which employs a gas chromatographic monitoring system uses the

central computer in a someVlhat different manner .. The most 50ph~sticated users

also utilized the computer for process control, time and motion study. statisti-

cally analyzing various alerts caused by human errors by plant operators. and

for printing out data required by Federal Regulations. The analysis of causes

of various VCM leaks gives the plant industrial engineers. industrial hygienists

and nlanagement a measure of how effective the various employee training may

be and which employees. if any. may be accident.prone. Also, this analysis

gives an indication to plant management where to direct engi~eering talerit and

capital investnlent to protect the "lOrkers in hazardous environments.

Monitoring System With A Fourier Intcreferometer Sensor

A recent development in monitoring instrument systems is the usc of an area

monitoring system for computing time weighted average exposure in real time.

Tnis monitoring instrument system consists of a Fourier Infrared Composition

Sensor for measuring VCH concentration levels in air samples, a sample collcc-

tion manifold, a digital computer, output equipment and software that combines

a data processing Rlgoritlm and a statistical model of a time and motio~ study

of plant operators' activities. This system was installed in a PVC resin manu-

facturing plant employing a sllspension process. A block diagram of the system

is shmm in Figure 12.

The sampling mRnifold collects the samples and makes them available for ar~lysis

by the jnf~ared inter~ferolrreter sensor. An on-line computer a~tivntes the
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sampling manifold to deliver d~sircd aren samples of bre~tlling air to the sen­

sor. The sensor output is analyzed by the on-line computer) the exposure data

is printed out Hhcn requested) and the annunclatQrs Clrc activated vhen permls­

ihIe exposure levels are exceeded.

The sample tr~nsport system consists of a 48 point sa~ple manifold and a

pumping and valving arrangement that delivers air samples to the sensor sample

cell. The computer selects the point to be sampled and the air sample is

"pulled ll by the sample pump through the sample cell. All sai"ple lines n~;::

being monitored are under a constant vacuum to assure that fresh samples are

available ,,,hen needed for analysis.

The 48 sample probes are connected in split probe arrangements of 2 or 3

to 23 sample lin~s. This split probe arrangement .:lverages the VCH level

reading and typically reduces the aoalysis time per probe. For example,

if the concentration of VCH in the split probe arrangement is less than 1/3 of

the permissible V(.11 level \"hen the samples are· averaged t the computer \~ill se­

lect ~nother probe 21Tange!T1ent for analysis. llo\"ever) if the reading is greater

than 1/3 of the permissible VCl'! level) the computer \'lill command that VCH

analysis be per formed on air samples from individual probes ,,,ithi.n the arrange­

ment in order to identify the~. Ie 'lhere VCM concentrations are excessive. The

rnanif01d of the sample transport system is located centrally ~etween the two

plants so that the sample lines have lengths varying b~tween 30.48 and 182.9

meters (100 and 600 feet).

The composition sensor is a rapid-scan Michelsun Intercfcrometer. Its electri­

cal output is coupl cd to a hi gh-speed digital computer. The a1 r sampl e enn he

scanned for severol components in abo\lt IS s~condG. Software performs classical
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Fourier transforms on selected frequencies in renl time. The above system

is marketed as the Fourier Infrared Air Monitor. The system used at this

plant is manufactured by Eocom Corporation (Fourier Multiplex Spectrometer

System Hodel 7200).

Additiontll sottl-lare '-las developed to rne~t the follOlV'ing requirements for an

intelligent multi-level sampling system:

• Determine the frequency and level of sampling to be initiated at

each station.

• Isolate the alarm level excursions and display thQ. results.

• Provide the data for the computation of accurate employee Tt~Ats.

• Update the internal data file to reflect the general changes in

vinyl chloride levels at the points being monitored.

A sampling algorithm was developed to sample groups of stations over a period

of time in proportion to their probabilities of having points ~ith extre~ely

low probability of excursion. The sampling algorithm and the statistical model

of time and motion study are used to compute the employee time weighted

average exposures.

A plant report listing the following information is printed every 15 Ininutcs:

e Numher of blue alarms (5 - 24 ppm)

• Number of yellow alarms (25 ~ 1000 ppm)

• Number of red alarms (>1000 ppm)

• Average THA of the procc:>s areas over the report interval

u TWA dosage of pach operator over the report interval

Also, at the end of c:i ght hours, the follo\1iIlg rcports are generated:

o Long-tt:cm THA
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• Average length of each alarm

• Prob~bility of each alarm level

Initial start-up and definition of plant configuration requires manual opera-

tion. Hereafter, the system will define the plant profile) calculate TWA's)

initiate alarms and update its data files.

This intelligent monitoring system has the following distinct advantages over

fixed-point monitors:

I
(it The monitoring system responds to the plant environment.

• Sampling frequency is determined by the probabilistic history of

the point in question., using data accumulated over the previous

eight hours.

• The system hunts for excursions using its probabilistic

intelligence.

The follo~]ing tests were carried out to establish the equivalency with

fixed point monitoring systems:

o Charcoal tubes changed once per hour monitor at One of the area

probes and the results \"ere compared with the TWA data from the

area monitor.

• ttonitoring four employees \,dth personal monitor using sharcoal

tubes for onc hour intervals for a total of 21 eight-hour \vork

shifts.

A comparison of the data from the fir~t test shows a good agreement of both

method~ t.ith the expected log normal distribution curve. Readings from the

second test show the area monitor data follows the log normal distribution
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curve. Readings from the second test show the area monitor data follows the

log normal distribution curve l-1hilc the charcoal tub(~ datCl does not. This is

accounted for by the fact that employees are not always in the plant. Figures

13 and 14 demon~trate these ne~ds.
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EFFECTIVENESS OF CONTROL

The control measures described in the previous sections are effective in

meeting the 1 pplnJ 8-hour n·IA PEL for VCM. \~orkplace monitoring systems indi-

cate that most parts of most plants are consisently belou 1 ppm of VCH. Actual

",orker exposures (as indicated by charcoal tubes) are somewhat better than the

area monitors indicate, since employees are required tn avoid hieh exposure

areas when possi~le (process/worker isolation). The use of respirators makes-the amount of VQI inhaled by workers even less than is indicated by charcoal

tubes, since the charcoal tubes are mounted on clothing in the breathing zone

outside of respirators. Respirators are mandated in cases of higl\ workplBcc

VOl levels.

In summary, the control technology exists Hnd is being applied to protect

,yorkers from occupational exposure to VCH at th€' 1 ppm THA level. This

technology relies primarily on containment of V(~ in enclosed, isolated pro-

cesses. but the combination of all available control measures is required to

meet the challenge of controlling VCM.
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RECOHHENDATIONS

CRITIQUE Of THE PLASTICS AND RESINS STUDY

In retrospect, a number of other considerations could have bli'en included \Jhich

Hould add considerably to the value of the prescnt study. One key area is the

cost (installation, maintenance and operation) for the controls that are dis­

cussed. A second area involves consideration of the environ~ental pollution

implications of the controls. A control system which meets occupational

healt~ standards \Jithout meeting environmental health standards (or vice versa)

is not satisfactory. A third area is the identification of technology which

would be approprinte if a new plant were to be constructed with current/future

occlIpational health standards in mind.

FOLLm-J·-UP

NIOSH is attempting to add~ess the above deficiencies in many of the current

control technology studies of other industries. The budgc~ for these studies

have been increased to five to six man-years, compared to tl.", man-yeat·s for this

pIns tics and resins study. An evaluation of the need for further studies on

control teclluo].oEY for chemical processes is planned. Further studies will

probably be restricted to unit operations in order to minimize re~~ndancy.
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Operation sequence:

v

a. When compressor starts, valves 1. 2. 3 and 5 are open and system
recirculates for 30 seconds.

b. Valve 2 is closed.

c. When the compressor stops. valves 3 and 1 close and valve 2 opens.

Figure 9. Vent Compressor System (\oJharton Compressor)
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