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HOW PYC Piroce

vvith VCM

czors Can Coe

It may take some effort, And exp.ive. But you should be able 10 prorect your
workers, comply with the new OSHA regulation and stay in business. This
comprehensive report is imtended 10 help guide you throwsh the provisions of
the new rule and suggest approaches to mecting Its requirements in your in-
dividual plant situation, By Marthew H. Naitove, Associate Editor
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8 this hssve reaches you. the countdown will have already
begun toward the Jan. 1 deadline of the most cesiizal

challenge yet to face the plastics industry. Hardly any-
one involved in manufacturing or handling vimy! chicnide

. monomer (abbreviated VC or VCM) or the PVC fuvn
© made from it is now wunfamiliar with the dramate cha n of

events which has led 1o the present cisim atmaphere. Somie
of the major links in thai chain were:

¢ Th.. announcemenl late last Jaruary by B.F. Gixd.
tich Chemicat Co. of the disconery of three Jeathe haween
1968 and 1973 of lonp-time workers in 4 Lowilie, Ky,
PVC polymwrizatin plant owing 1o a very rare cancer,

angiosarcoma of the lisce. (Subsequinent inlensive scarch in

DECEMBER 1974

the US, and Europe revealed 3 total of over two dozen
cases of this discasc among monomer and polymer produce
tion and PVC fabrication workers.)
® Publication in the Federal Repister on April § of an-
OSHA Emermcy Temporary Standard limiting employvee
exposure in VCM and PVC production and processing
plants 1o a 50 parts-per-million ceiling, one-tenth the prior
Jimit. The standard alswo required regular workplace mone '
itoring of airborne VCM by no later than April 22. P
e First public reports in June of Iwo angi-marcoma
deaths associated with PVC processing and ancther two
such deaths of persons living a few miles from P 7C proes
essing operations in Connecticut. :
® OSHA hearings in June and July which produced vol- -
ummnous testimony from ropresentatives of indust y, labor, 28
medical szicnce and others on possible health hazseds from "#;
VCM and industry’s ability 10 minimize these haz..rds, "&
® Announccment last Oct. 1 of the permanert OSHA
standard on VCM. effective Jan. 1, the major ‘hrust of
whick: is to Jlimit exposure to I ppm averaped over &l hrs and
12 fxiNilde vacwisiune 0L 3 ppm averaged over 1S min. |

Where are we now? OSHA's Jan, | deadline Jeave s scant
matter of weeks before the effective date of & standard that
some monomer producers and most PVC makers say is-
impossible to meet with any known technolopy shont of
putting men into respirators~——an alternative fraught with
its own larre difficulties. .

As {or the PVC processor, whose only possible exposure
is from the relatively small amounts of residual monomer
trapped in the resin, the burden of the standard on him i’
assumed by it authors to be relatively light. In foct, the

essors should be able 10 keep the majority of worker ex~
posures within aliowabie limits by instituting certain en-
gincering chanses—mainly, increased ventilation—or work-
practice modifications 3t reasonable cost. Most experts
agree that the major prodlem for the processor under the
new standard mayv be s ultimate effects on resin avail
ability and cost. {(Sce also p, 25.) :
SPI and about 10 chemical firms have gone to court in
hopes of having the standard sent bazk 10 OSHA for re- '
vitien, and have apncaled to OSHA for a stay in making
the rule cTeztive. Whatever the chansen of some relief
bherne pranted. cither by the end of this month or later,
tizhter restrictions en.NVCM are here to stay, and the PVC
proccssr would be well advised to understand the new rule
and Anow in advanze what is required of him for compli.
ance. .
This i« advicaMe both 10 minimize a health risk vhowe
Tull extent iv stil} enlv puacted at and hezause of the new
and closer fook OSHA is taking at processing operations.
While the plastics industry has not until recently bheen
conudered a prime targct for compliance inspections, an
OSHA wandurds official 18 Washington says that firms
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lh‘muiar.mrm: VCM and TVC “

PIaR to gt to know an ONHA m‘p..c-
tiof in the ncar future.” And the word
,from the gompliance sestion is ditto
for PVC’ fubricators. While in one
sense the standard may be said 1o be

'; - aimed mainly at monomcr and poly-

mer produclion, where workers are
subject o greater potential cyposres,
OSHA also has its cye on processors,
who employ the great bulk of those
potentially exposwed—an estimated
350.000 vs. some 6500 workers in
VCM and PVC chemical operations.
Sa be prepared.

Recognizing the urgent nced of
many of those affected for guidance
and advice. this article will try to pro-
vide answers ta frequent guestions on
how the standard applics to the PVC
processor. how he determincs whether
he has a VCM problem in his plant and
what to do about it if he has. The in-
formation presentcd her~ has been
gleaned from interviews with Govern-
ment officials, health rescarchers, ma-
jor PVC supplicrs and their custom.
ers. makers of amalytical equipment
and independeni tesiing laboratorics.
In viewing what's still a fasichaneing
situz tion, this article tries to pinpoint,
whe=g possible, what's presently known
and. in other cases. tries ai least to
wam whers the quesiion marks re-
maia, y
The reople in ihe know Before tum.
ing 15 specifics, here are some general
rem: rks about two important sources
of ‘'nformation reparding VCM—
OSHA jtself and your resin supplice,

First and most important, no PVC
proc ssor should be without a2 copy of
the 1 stual standard. Reprints from the
Fedcral Registec should be available
free from your regional or area OSHA
office; or else you can write 10 the Su-
perintendent of Documents, US. Gov-
ermmment Printing Office. Washingion,
D.C. (request Part 1 of the
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fikewise he of interest 1o the PVC
procesar becanse it indicates how an
inspoctor well prdpe compliance. Both
documents will be publich avadable
Trom repenal and area ollices,

If you want direct answers to jn.
divedual guostions about the standard
or its application to a given work silu-
ation. a recommended starting point is
the Div. of Occunational tHealth Pro-
gramming, \W.shingion, D.C.

And for dJdown-to-carth advice on
what 10 do in yvour own plant, your
PYC resin supplier is probably your
best bet. Not only has he been living
with the problem longer und thus has
experience in monamer detection and
air analysis, but he's bkely to have
his own processing facibty ac well and
o be intimately acquainted with your
problem. Reun supplicrs have heen
keeping  their  customers  informed
throw-h letters. bulleting and  other
means and. in many cases, have done
actual moniter:ng in customer facili-
ties.

Firs.. anav the Jaw  The initial siate-
ment regarding scope of the new VOM
standard (29 CFR Part 1910, Seation
1910.93q) reads in part: “This scction
applies to the manufacrure, reaction,
packaging. repackagine. siorage, han-
dling ar use of vinyl ciloride or poly-
'-:-'-}'l [ 3 PO abauawbnlu alin s
polymrs], but does not apply 1o the
handling or use of fabricated products
made of polyvinyl chloride.”

“Fabricated product” is waid to mean
product "which does not require fur-
ther processing at temperatures, and
for times, sufficient to cause mass
melting of the polyvinyl chloride re-
sulting in the release of viny! chlo-
ride.”

While OSHA apparently neither has
closely defined “mass melting™ por in-
tends to do so. it feels that the limiis
of what is covered are pretty clear.
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Avconting o Grnwer Wrenn, chicf o‘
the Dev, of Hleahh Standands Develops * 8
ment, the standard v spnuk.ﬂly not 3\%
intended o repulate certain processes.
that insolve only panial heating of a’
fabricated muaterial, such as Hwermos
forming, heat-waling, emiossing,’
shrink-fAlm or hliver ppckagin

Opimon in Wishington scems to be
that serap is exempt “labricated prod- *
uct™—at least uniil it's subjected to e :
further mclt provessing. Coverage of ~
the standard in this arca still jooks
questionable, thongh not il viegin is re-
extrudest or molled lo:clhcr with the
scrap. But even if scrap is vcprocuscd
alone, it would be prudeat to monitor ~
for VCM. though technical cxpcrience .;v
to date indicates that little or no vinyl =
chloride monomer relcase s likcty
from this source.

Another hasic prmc:plc of the stand- .
ard is that it sims at rcgulating ine: A
dividual worker exposures. not abso.£.
lute concenirations in air. That is, it 3s - :
primarily concerncd with amounts of *
VCM actually in the worker’s breathe:,
ing zone (defined, “without regard to .
the v of respirators™) and not those *
in nonwork arcas., such as imside a
storage «ilo or just adjacent to an ine T
jection maching nozzle. Furthermore,”
the regulation applies on an individual-
hy-individual basis. Oue worker may
!'... ........--b-: HRCE - 'nu‘om whils
another at a different job or Jocation -
in the same plant may not.

What's more. the standard provides
an extra incentive to achieve low VCM ;-
levels by promulgating the key concept .
of an “action level,” sct at a 0.5-ppm -
time-weighted averace. (TWA is a
mcasure of what levels an employee -
was expoeed to for how long in vari~
ouy work stations.) “The purpose of - -
the action level.™ according to the pre< =/
amble, “is 10 minimize the impact of -
the standard on the employers who
have attained exposure tevels well bes.

Federal Register of Oct. 4,
1974). Reprints of the OSHA
standard cost $.75 per copy.

‘Two additional documents
should be issued by OSHA
belore Jan. §. One is the Pro-
gram  Directive, which in-
structs regional and area per-
sonnel in how o conduct
compliance inspeclions; it is
intended 1o bring as much
uniformity as poscible to na.
tionw ¢ enforcement of the
standard. The other ic 3 Sam-
pling Data Sheet intended lo
instnict ficld pervonnel in 8

uniform mcthod of sampling
for VCM in air. This will

low  the permissible limit. “oar
Toble 1—EMPLOYER REQUIREMENTSS Thss . . . emplovers may, in_. .
effect, be cxemoted from
Exposure lavel, ppm some provisions of the stande
<0.5 >0.5<1.0 1.0 and.” Or, as onc industry ob«
server puts it, “The complex-
Monitoring Progrom Nona Quarrerly t.onthily ity of life increascs peometri
Meditol Surveillonce Neo Yes Yes eallv ahave 0.5 ppm.”
Medicol Records No Yo Yes Tumning newr from gencral
Reguioted Areas No Neo Yeu principles to specific duties of .
Roster of Authorized  No No Yos cmnlovere  in processing <’
Persons Enlering plants, the new OSHA repula. 5
Seguloted Areos tion catls for the following ag- . N
Respirators Ne No Yes tions in spezificd situations: -
Warning Llebels on Yer Yes Yeos ® Monitoring is required -
Ltorage Containers at Teasl to determine inmitial .
Troining Yes Yes Yes | exposure levels, (Monitating .
*Dato svpplied by Diomond Shamrack Chemicol Corn. dr_mc hefore Jan, 1 'cpﬂﬂcdly_ IS ¥
will he accepred.) Since moni-

PLASTICS TECHNOLOGY

RSV 0006637



mesns of

= Yy
sat g

19— e mmalh e g o
. . . M

Loesl ashawt hoods aver calonder rolls

ond other Lv:cm equipment arg & majer
sring YCM ssporeres.

toting need not be continued for any
employce whose exposure is found 1o
be st or below the action level (“unless

- changes have been made in production,

process, control, 1ype of _sesin, etc. ')

yust WRBL COIMMLICY Sulticicesi dbiies

- monitoring remains an important ques-
- tion of interpretstion, at jcast until the

Program Directive comes out. Though
this point is interpreted by some 10
mean only one 8-hr T\VA determina.
tion per worker for a clean bill of
health, this may not necessarily be so.
Said one OSHA standards official,
"Spesking 83 an industrial hygienist,
I'm not sure [ would accemt a single
run-through. At ka<t the pointe where
highest cxposurcs mughl be expecicd
should be repeated.”™

At any rate. in cascs where above.
action-levet exposures are found. meni-
toring must be conltinued at lcast quar.
terly when below the permissible limit
and al lcast monthly when above the
fimit. until two successive readings no
Jess than five working days apart con-
firm exposures below the action level.

® Regulated arear munt be exiab-
fished in processing plants wherever
PVC i “stored, hamdicd or wwed™ and
expotures cxooced pormissible limits.
This mcans festricting acceet to “au-
thorized persoms™ aml keeping daily
rosters of those entering the repnlated
arcas. Such areas, which necd not he
physically walled in, might comid of
the work space aroumd 1 pivee of proc-
esting cquipment, as hong ax require.
menis for acoess control amd kecping
of roxiers are met.

® Rewpiratory protection must he

DCCIMOER 1914

,_.-.,_f..n:;".&‘usp "‘.‘q.p ¢.-e-f'--=.: A
3 » g

X

TR YOI R gy . o A RSy

supplicd if exposures exceed I- ang §-
ppm limits. Though the emplover must
provide respiratore for all wha are
thus exposed. untal Dec. 31, 1975, cm-
ployces may choose to forcpo such
prolection as long as eaposurcs don’t
exceed 25 ppm (Jefined as a 15.min
ceiling). Anyone choosing not 10 wear
a respirator “shall be inflormed at least
quarterly of the hazards of vinyl chlo-
ride and the purpose, proper usc, and
limitations of respiratory devices,”

® Provisions {or cmplovee training
about the hazards of VCM apply to
all PV'C proccssors, regardicss of exe
posure levels at their plants. Compli-
ance officials ¢fTer no precise definition
for any such a program: it could em-
ploy leotures. slides. demonstrations,
pamphlets, etc. \Where respiralors are
used, proper instruclion in use and
mainienance is required as per Scetion
§910.134 of OSHA regulations. Some
review of the training program must be
given annually.

® Medical surveillance of anyone
exposed over the action level involves
a -pecified vearl* examination (or
equivalent, as dztcrmined by a phyv.
sician), provided at no cost to the
worker. An OSH A-sponsored study by
Foster D. Snell, Inc.. Flerhamr Park,
INS., crinmeics soat OF Jush surveil
Iance at S140-160/employee. -equir-
ing a minimum of 114 hrs of his time.
Jt may be discontinued. as with moni-
toring, after exposurcs have been re-
duced below the action level. (A firm
offering package medical programe
specially tailered fo this standard is
Heatth  Fvaluation Programs, Inc.,
Park Ridge, TH.}

® Containers of PVC resin—includ.
ing hazs, boxes, Jeaded railiars, trucks
and silos—and resulated areas must
display specified <igns or lab:ls wam-
ing of a “cancer-suspect azent ™

® Al records of monntaring, medi-
cat exams and rosters of prrsons enter-
ins regpulated arcae must be mainiained
for at least 0 years.

® Wauhin a month after evtablishing
a repulatd arca. reports must be sub-
matted to your OSHA area director,
ciung plant location and rumber of
emphovecs in the regilaied arca, Each
emplovee exproind 1o moer: than par.
missihle leaels inwherther weninT a ros-
piratar ot Aot nwyt be informed n
writing with-a 10 dave of mon-toring
results.

A simplificd rover of emptover dise
tiex rebated 10 VO M tevels o presented
in Table I, oppoaire

Neat, find out if von have a prollem
With regard so minnitoring—the firet
step towand compliance —industry ob-
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servers note that a large proportion of
proceswrs are already behindhand in
1y area. Nol only have a pood many
PV'C processars ignorcd the vinyl chloe
ride monitoring foquircment of the
emergency temporary standard which .
has been in cffcct since April. but somae !

have even indicated they will wait'une .

til the last minute before confronting -
the situation. e

Of course, other proccssors have
more than met their obligations. For -
instance, one custom molder, Bali Plas- -~
tics Div.. Ball Corp.. Evansville, Ind.,
had been monitoring for the presence
of organic vapors for scveral years be-
fore it recently began testing for VCM
in particular. And several firms, pare
ticularly the larger ones, say they in-
tend 10 continue monitoring regularly
even though they find no VCM expo-
sutes in their plants amounting 1u lhe
action level.

By and large, those who have ¢oni-
tored found they had little to fea -, In- -
terviews with companics in prachizally
all areas of PVC processing—inziud-
ing extrusion, calendering, inje tion, .

blow and rotational molding—in¢ lcate " *°

many processors will find they have
been operating with virtually undstect-
able levels all along. This is conf.rmed

bor sbe comaioman af en ,""""‘ﬂd"‘.
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laboraiories, DeBell & Rlchhdson
Testing Institute and Gollob Ar alytie 4
cal Services. which monitored for vinyl -
chioride in 2 total of about 50 FVC
processing operations and founa few
major exposure problems that didn't -
seem correctable with improved ventis
lation.

This is not to say that commen prob-
Tem areas don't exist or that you ought
not anticipate such and pay special
aitention to these aspezts rf ~~ur ops
eration. Experience has 11 - m what
common sense would po-'et: that
highest exposures are genc.ally asso-
ciated with materials handling and
storage and occur around hot-process-
ing cquipment, particutarly in the ease
nf intensive mixing units. Morcover,
the chances of encountering unaccept.
abte VCM levels can be related to
whether one handles raw retin or com-
pound. powder or policis, plasticized
or unplasticirzed material as discussed
besow.

Wherever resin i. stored is a place
to waich. Aczcordinz 1o Diamond
Shamrock studies, arca monitoring of
trucks loaded with resin showed levels

shove 15 ppm. sir space in 3 bulk .

railcar after four days’ storape meas-
ured over 40 ppm and the inside of 2 -
silo, 1 ft above the resin sueface, had
mare than 120 ppm. Granted that
these were spot samples of arcas where

R3SV 0006638
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"employees either don't work at all or
-for only short 1imes. you nonctheless
" sivoudd be atert to possible expostres of

workers unjoading 2 truck, sampling a
| .raflear,” maintaining a silo dust filter,

snd openin; up bags or buxes of mate-

, Aemdfng to Gollob sources, poorly
‘ventilated warchouses can contain a
few ppm, with some siles poing as high
as 28 ppm. The centribution to a work-
er's TWA would depend, of course, on
the amount of time he spent near the
stored resin,

Processing at clevated temperatures
also tends to liberate residual mono-
mer from the resin. Most experiments
show that by far the greatest amounts
m» relcased during dryblending. and
that relatively little is given off during
subscquent extrusion. molding, etc.
For example, investigators reportedly
have found insignificant VCM levels

right over extruder dics. An ® the Dia-

mond Shamrock data showed expo-
sures to operators of extruders. injec-
tion and blow rmclding inachines to be
rarely above permissible or action
levels, while monitoring of mixing op-
erati-ms indicated the nced for much
greater care to avoid unacceptable
levek:,

By this reasoning. processors han-
Mling ~amnreinde o e-:uo-'ml "~ en.
coumer jess airborne monomer by an
order of magnitude, especially if the
comj ound has been produced by high-
inten ity mixing. Rigid pellets. accord.
ing t¢ zome sources, may relcase more
VCV than powder compounds, de-
pending on how each was manulac-
tured Finally, flexible compounds,
whet! er powder or pellets, reportedly
shouid give lower exposures than rige
ids, as the plasticizer is said to displace
the nionomer during compounding.

Manltoring technique: no simple mat-
ter Probably no aspect of the VCM
standard has areused more inlcnse dis-
cussion than the menitoring technology
Itself. Considerable research and inno-
vation in analytical techniques have
been fomered by the atiention to this
isswe during the past year, and new
equipment offerings have greatly ex-
panded the choices available.
However, one of the bicsest ques-
tione  remains, What will «aiisfy
OSHA? The standard requires only
that “individual emplovee expo<ure
leveld be determined™; in fact. OSHA
officia s 3ay they mean fy allow em-
ployert a certain amount of freedom
a8 to exact methed of comnliance so
fone as that inrent be fulfilled. (The
Proeeam Dircetive should supply more
information reparding criteria.)

The standard’s preamble gxprosly
permits bath arca and personal (or
“personnel”) momitoning. Arca moni-
toring of a specidne plant location is
<aid to offer the advaniage of conveni-
ente; personnct monitoring of actual
breathing zoncs pives more direct de-
termination of the time.weightcd ave
erapes, in which the rcgulation is ex-
pressed.

For instanee. a {-ppm TWA could
result from breathing cxactly | ppm
for 8 hrs, or 2 ppm for 4 hrs. or 4 ppm
for 2 hrs: or it could mean, for cx-
ample, breathing 1.5 ppm for 4 hrs,
followed by 0.5 ppin for auother 4 hrs,

Some sources belicve that arca moni-
toring can give ascurate Jeterminations
of TWA's without having the worker
carry a personal monitoring device
arotnd with him for long periods. One
way this micht be done is by area-
monitoring all wotk stationt and then
calculating by compuicr the amount
of lime cach worker spent in cach loca-
tion,

Another approach to fignring TWA
mrizht “- to combirg +rea and personal
monitoring. Th-t is. once personal
monitoring had established exposure
below the action Jevel. arca monitor-
ing could watchdog the operation to
wam fe‘po!urc changed. Besides al-

2 = k- ssememi - -
toming fmms diat; varming oF RiEk

levet e.:cursions. as personal monitor-
ing does not. area monitoring has been
determincd by some company health
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Personsl men.tu-ing pumps with chercool
tubes ars *hg mail ¢ommon tocl for
determiairg werher arporvres. [Cowrtory,
Anatele J. Sipin Chn.)

RSY

offizers to be far more economical over
the long term with regard (o lnan-
PONCT Foquiremenis,

What will OSHA ww? The VoM f
stand.and puakes reference 10 only one’ *iy
specific monioring and analysis methe < &
o, described by the National Insth s
tute for Occupational Salcly lﬁdi‘%..
Health in the NIOSIH Afenual ol
Analviival Methode, This method 'mll
be uscd by OSHA inspectors and is -

alko the most widely emploved in the IR e
Lo

indusiry to date. A copy of the pro-
cedure, “Vimyl Chloride in  Air®

(PECAM =2178). can "be oblained -
from the NIOSH Oflice of Technical .
Puldications in Cincinnati. RS

The basic menitoring tool for |his E
mcthod is a pervonal sampling pump,
a banterv.powgred device of the size
and shape of a iransistor radio, with a -
ficsible tube stiached (see photo, bes -
low)., The pumip diaws air in the flexi-
ble tube and through a glast tube eons .’
taining activated coconut-shell char.
¢oal used to adsorb any VCM present.
Pumps weigh [rom as littlc as 10o0zup - -
to about 2 Ibs and may be carried ina
shirt pocket or clipped to a belt. The
end of the MNexible tube is clipped -
someplace like the shirt collar to give -
a represcntative sampling of the .-
besathing =ane. R

To analyze monitoring results, the >
glass tube s removed from the pump, ' ...
the charcoal emptied from the tube -
and shaken together with carbon disul- -
fide solvent to desorb the VCM. Then -
a sample of the CS./VCM solution - %,
is run through a gas chromatograph, .
which scparates the VCM from other -
chemicals present, 10 a flame jonizes
tion dctector, which indicates how
much VCM is present. From the sam-
ple onc can calculate the total amount’
of VCN ad«orbed by the charcoat
from a known volume of air (pump .
flaw rate having been accurately cali- -
brated) during a measured time period
—thut obtaining a TWA,

Though the NIOSH charcoal-tube
methad ic only suggested and not re-
onired. it has raised numerous ques- - ;!
tions and ohjcstions. One concerns the
lerath of ihe xampling period deemed
suflicient 1o e<tahlish an 8-hr TWA,
Mt one sample continumnly for 8
hte for cach wnrker, or would severat
shorrer sampline perinds suffice? :

Industry opinion on this point ranges
from thote whe feel an R-he sampling -
gives the nnly definitive answer to ad- .
vecates of perinds as short ac [5 min, -
the latter stipotating of course that
uamplae he made doring times of ex-
pected peik cxposire, e

The NIOSH manual recommends a ©
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% pump ‘flow rate of SO cc/min, with
‘1 ~ total velume sampled nat to exceed §
¢ liters for the standard charcoal tube.
© This recommendalion 8 made in ore

der 10 avoid overioading the tubc’s ad-
sorbent capucity, which would result
in fabse readings. At 1his flow rate, and
with the normal ranpe of sampling vol.
ume reportedly 1-3 liters, tubes must
be changed every 20-100 min (1 liter

: equalling 1000 cc). Thus, for practi-

8.
e
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cality, a DeBell & Richardwon con-
sultant recommends monitoring each
worker for at Jeast '3 hr every 2 hrs,
or 4 samples/shift. even though full
8-hr monitoring might be theoretically
preferable.

But this same source 13ys that inno-
vations in pump design now permit
“a whole new philosophy of personal
moniloring.” Now that iower operat-
ing ranpes of pumps have sceently
dropped from 30 10 as low as 5 ¢/
min, @ worker reporiedly can use a
single 1ube throu;hout an entire shift.
The consuliant therefore recommends
using @ pump with a suitable speral-
ing range, for instance 10-50 cc/min,
permitting (ull 8-hr monitoring with a
few tubes at low flow rates: he also

" suggests taking a few short-time sam.

plaz 3¢ tha hinher e30a durine periods
of expected peak exposure to satisly
the S5-ppm 13-min ceiling. Here, high
fiow rates would be better for maxi-
mum accuracy since they concentrate
as much VCM as possible on the char-
coal.

Another stumbling block in inter-
preting the monitoring provisions has
been the requiremcnt that whatever
measurcnient used shall have a mini-
mum accutacy, “with a confidence
level of 95%." of =507% at 0.25-0.5
ppm, =35% st 0.5-1.0 ppm and
=257 over | ppm.

The detection method offered in the
NIOSH manual currently reads. “Pre-
cision: Unknown.™ but fuller cvahia-
tion by NIOSH is reportedly doe by
Jan. 1. OSHA savs it will accept this
method as meeting ils azcuracy re-
«quircmenis—which the agency consid-
en to he quite looswe—and the wnoffi-
cial word is that it will prove more
accurate than ealled for.

Io any case., most ohservers acrec
that the NIOSH methoul jan’t for ama-
teur. Amoeng the variom soorces of
error, or “interferences,” to which tha
methou it repoertedly sihject are hatch-
to-batoh variatione in charcoat, alfect-
Ing ity adsorptive and deserptive efli-
ciency. Mlizh humidity j¢ aha aul to
be particularly had for accuracy. In-
exact pump calibration i« anaher
source of crror, as i contamination of
the carbon diwifide Cinsefl a highly
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Artna Tife & Cawstty Co, Hantford, Conn,

Arrco Induntral €G- oo, Murtay Hill, NI

Andderson-Niwhots, lleston

Rochimnger 1.aborsionics,

c.'l'EMd'm Laboraarncs, inc,
1

Georpe D, Clayton
fld, Mich,

Crobapgh Lake, Cleveland

Dol & Richardson lesurng Insticute, T
ficld, Conn,

Denver Research nstuwte,
Deaver. Denver

Diamrand Shymrock Corp, Environmental

Laboratories, Paincwuile, Ohio

Golicd  Analstical Service, Inc., Berkelcy
lHeghu, NI,

Gulf Research & Development Co., Putes-
hurph

LFE Corp. Environmentsl Analysis Labo-
ealovies, Richmond, Calif.

Nalional 1 ~4 Control Stnice Corp., Long
Grove, N1

Pollution Control Science, Inc,
burg, Ohio

Chales M. Shariro & Son, Brookiyn, N.Y.

Yen Ech Envwonmental Censultams, South
fend, 1!

Un. ersity of Cinci- nati  Medical Center,
Ketienng Loborstorr, Cincinnati

US. Teaing Co.. Hodoken, NJ,

sPamial listing.

Winnewend, Pa.
Park Ridpe,

& Asmocidtes, Somh.

University of

Miamvis.

toxic chemical), besides numernus pos-
sible testing discrepancics on the part
of the laboratory analyst.

A number of modifications of the
WIOSH method have apprared recent-
fy. Szientists at Western Electric’s Re-
search Certer in Princeton, N.J.,
veloped 2 new tvpe of sampling tube
containing porous polymer adsorbent
in place of charcoal. Together with
thermal desorption of the VCAL,L in-
stead of carbon diwlfide extraiton,
the method is said 10 be one or two
orders of magnitude more senditive
and is belicved 10 be more accurate
than charcoal tubes: alo, the new
tuhes are reucable, Wesiern Electric
a3l vt 3 mass apeltremoter, repori-
edly pivine the most (T Ite idenufica-
tion of VCM prewnce of any indtru-
ment. though it costs in the neichbor-
hood of S100.000, i« expensive 10 op-
erate and requires hizhiv trained per-
sonncl. The cempany is «aid 10 be
planning o hicence the new technalney
and aa Timpreved” area-monnenng
methad in the near fitire,

Sudl aneother methad which has at-
teacted cenuderahlc attemtirn ik the
e of plusnic Pasy invead of impling
Ity for pereonal menitsring, Now
that some pumpes are avnlahle which
can be opzrated i both a pressuse anid
a wigten meade, they ¢an be wed to
RIT 2 baz with air cimiplee

Nice of alumunized Myvlar, Tesdhar,
Tchon and saran are said 1e have

A-% ﬁ'\:g‘»% b..i

‘;

.l
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provetd acceptablc. They reporiedly
come in 1-7 liter sizes and may be
clipped to a belt or carricd in a small -
mesacl A 2 liter bag measures ahotit
8 x 16 x 2 in. thick when inflated. The
baps require a septum for withdrawing
a sample with a gas syringe or a valve
which can be directly coupled to the
gas chromatograph inlct port,

Bag sampling is attractive for its
simplicity. Bucause air is mercly col-
lected and then analyzed direztly, there
are fewer opportunities for error. and
whatever g¢ reading is obtained is an
actual TWA for the contents of the
bag. Some knowlcdgeable sources
vouch for bag sampling as inherently
more accurate than adsorbeat tube
methods,

Should you buy equipment? Repard-
less of all the above considerations, . -
probably the main objection 1 the -
NIOSH method, from the pol:t of
view of 8 prcat many processo . s
that pas chromatographs are sopaisti-
caled instruments. penerally cesting
scveral thoucand dollars and ot Jeast
requiring supervision by a tesined
analytical chemist. Numerous siraller, - -
simpler, less expensive versios of
these and other types of instrunents .
et wnibip ewesited, Thilr seaufar.
turers claim to supply them full- eali-
brated for push-button opcraticn by -
relatively untrained personnel,

But experienced technical peryannel
at PVC resin companies tend (0 be
skeptizal of such claims, reasoning °
that analyzing for any gas in the range
of A ppm involves considerable un-
certaintics and that in the case
VECM. the stakes are too high to permit
= casnal appreach.

Thus rcsin suppliers are pencrally
cautioning their customers acainst
hastily jumming into large equipment
rurchasee, They feel most processors |
won't he involved in monitoring over
a long term. In fact, many fabricators -
mav find that they only need perform
initial mon’roring and very little there-
after. Mot otherr shotdd be able 0 -
get below the action level and stay
there,

Conscaquently, rcsin suppliers rec-
emmemt that meet proceseors hegin
hy consulting an indercndent amalyti-
cnl laboratary (sec Table 2. aboved,
These groupe provide varions services, | oo
incluing comptzte monitoring and
anatvsis. processing of samples taken i<
hv the customer himeelf and cquipe
ment rental. A spot-check  Bndbicates |
that foes commonly ran $10-307xam-
ple, depending on number and type
of samnles. volume discounts being
gencrally offered.

0006640



ndividuat pecds will of course dil-
ferz:Smalicr processofs have already
shows some preference for outside
eonsultants, . while larger operations,
2 particularly those assnciated with s
resin producer or other technical-back-
up source, have installed sophisticated
equipment systems. General Tire &
- Rubber Co., for instance, has a $10.-
000 pas chromatograph in each of its
12 PVC processing plants (used for a

+A shopper’s gulde Tf you are consid-
;i ering  equipment  purchases, you'll
% %, quickly find there's a bewildering array
*"&‘;‘;& of instruments now being advertised
X410 the plastics industry—and they cov-
. er every level of price and sophistica.
thon., . !
=~ Tha. following briel overview c!
some of the dasic approaches to vinyl
s chioride detection and measurcment
* provides sn indication ={ costs and
representative suppliers {see also Table
%23, right):

Sy ® Personal monltoring pumps.
. These. already discussed above, are
offereu for $300-350 by such firms as

T2: tors. Ssmpling bags may be obisined
% from Alllech Associates. Calibrated
nsteus sents and other pump suppliers.
- They ¢ st as much as $6 each but are
_reportcdly reussble.
- ® G chromarography. Equip-
ment Eere encompasses a wide variety
of tvpss. from laboratory analvtical
models for analyzing personal moni-
toring samples to on-line process moni-
tors for conlinuous sequential sam-
pling of one to 30 remotz locations,
¢ gs well a3 units that combine both
™ capabilities. Prices also range all over
- the map. with large. sophisticated lad
" models selling for $5000-10.000 or
mors and simnlified. portable vnits
7 conting around S1000-$5000. Suppliers
inclde Perkin-Elmer, Hewleu-Pack-
ard, Varian, Beckman. Bendix, Gow-
Mac. Baccline Indintries. Century Sys-
s teme, Arcas. Applied Automation. and
:: + Analytical Tnstroment Development.
® Infraved absorption annlrsis.
" This technology has been artracting
comiderable attern: on as an alierna-
tive to pas chromatography for both
pcrsonal and area monitoring, Units
" range from baticry-powercd portable
types {under $1000) to computerized
multipeint monitoring sysiems ($10.-
000 and over). Two firms which have
* 'shown particular interest in VCM de-

A.ED., Inc. Chicago

Alltech Asvociates, Arliscton cights, B

Analytical  Imtrument Deselorment, Inc,
Avondale, Pa

Aprlicd Automation, Inc., Bonksvyilic, Obla.

Arcas, Inc, Houston

Pacharach Instrument Co, Pittaburgh

U.neline Industues, Inc, Lvony Cola.

Beckman Instruments, Inc.. Process Insiru-
ments Dav | Fullerion, Calif.

Bechman Instruments, Inc., Scientific Instru.
ments Div., Srvine, Calif.

DBendix Corp,, Eavironmental Scicnce Div,,
Baltimore

Bendis  Corp., Process Insirument Div.,
Roncesene, VY, Va,

E. D. Dullard Co. Sauwlite, Calif.

Byron naruments, Inc., Raleigh, N.C.

Cahbrated Instruments, Inc., Ardsler, N.Y.

Carle Instrunents, Fullerion, Culif,

Cc'v:wry Svstems Corp, Arkantas City,
Nane

Devco Enzineering Inc, Fairfield, N.J.
Empire  Technology Ine. Clilion Park-
Elncra, N.Y.

Tahle 3—VCM MONITORING and ANALYSIS FQUIPMENT SUPPLIERS®

Fovieonmental Compliance Coep., Pittshurgh

Enveronmental  Measuicmenmy Systems, ey,
of Western Marine Clecironis, Seate

Fovom Corp ., ltvime, Calil,

Gow-Maw Imatement Co., Madison, NJ,

Hewlen-Packard, Avondale, Pa.

Honexwell Ine, Process Anolyrer Center,
Yiowion,

lon  Trak
Mass,

Moatheson Gas Products, E. Rutherford,
NJ.

Migfos;hemical Specialies  Co. Berkelry,

alif.

MDA Scientific, Inc., Park Ridpe, .

Mine Safery Appliances Co., Pinsburgh

Natwnal Envi at | nts, War.
wick, R.I

Perhin-Limer Corp, Norwalk, Com.

Anatole J. Simn Co, NY.C

SKC Inc., Pitisbursh

TC-Systems, Inc. 1Pnuston

Varian Asociates, Palo Ao, Calif.

Wilks Ssientific Corp.. 5. Norwatk, Conn

sPanial fisting.

tastruments, Inc, Waltham,

tection ¢ Wilks Scientific and Eocom.

® Cuiorimetric methods. These ap-
pear o be another promising alterns-
tive. MDA Scientific has developed
several models that employ a chemi-
cally impregnated paper 1ape which
changes color as VCA is drawn into
ine sampang port. An optical sensor
then measures concentralion accord-
ing to depth of color change. System
reportediy ¢Ters extremely simple op-
eration and sensilivity to 0.0l ppm.
Continuous area-monitoring unit with
paper-tape cassette costs 52900 with
chart recorder; spot-sampling model
is $500. MDA is also developing z
personal monitor to be worn by work-
ers (S650 plus $930 for the tape
reader). device will give hoth TWA
and conlinuous profile of worker ex-
posure. For a simplified colorimetr -
approach to manuval spot sampling.
Bendix supplies glass tubes contain.
ing a reactive absorbent medium said
10 be hizhlr specific to VCM. Sample
from a hand pump is injected into a
tude, with length of stain produced
indicaling conceniiation, Method re-
portedly ¢an measuce 0.5 ppm wuh
=35.107 accurazy, (Cost v $85.90
for 10 tubes and sampling pump )

® Toral hydrocarhon or organic
vapor analyzers. This approazh Lo
area monitoring, as the term wugocss,
na't epecific to VOM and 0 1 more
suitable for showinz where VUM
doesn’t exist than where it does. Sup
plicrs such as Iend:x, Racharach and
Century Sacienw provide units from
portable dircct-reading tvpes 10 sta-
tionary, femote mulnipoint monitors.
Prices fange [rom around S600 to

RSV
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over $6000. ;

Various other analytical approaches
to portable and stationary ares-moni-
toring are available. Examples include
a detection system based on the ¢*Ter-
ing physiochemical adsorptive forces
of diffcrent compounds. suonlied by
Environmental Measurement Systems;
an cleciron-capture detectdr system
from lon Track Instruments; sysiems
from Deveco Enginecring based on

identifying VCM by its dielectric con-"

stant. and an electrolytic-cell gas sen-
sor from Bullard (Prices vary with
the unit.)

But whichever way vou decide to
monitor, kecp the OSHA inspector
and the method he's using in mind.
As a8 major PVC supplier puts it, “We
want 10 be damn sure our results
match up with his.”

What about
equipment question which has been
causing some confusion s that of
respicators. While it's hoped and ex-
pected that very few workers in proc-
ceuing plants will ever need to wear
ene, at leadt ene informed source
doutbte whether all purchasers of un-
comprunded resin will be able in the
chert term to el helaw permissible
VOM Lvts in certun plant arcas,
wic'y av minieg roeoms. Furthermore, 8
senior OS1EA oflical <ays thal same
piing of ingonung railcars might well
h: clawified as a “huzardous opera-
lion"—dcfined, in parl, as 8 situs.
t'on in which acculental pvercxposures
mighl reasonahly occur—and thus re-
quire respiratory protection,

One muapor gustion cancerns what

’ L)
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respirators? Anothrer~
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If” of nq"ifamr i legal and pracucal

K00 wng, The Bandard Ints sprciic ypes

. peaiealors as pormisuble in cortain
ok panimum. YVCM ambient concentra-
‘élhm;‘am eyuipnicnt for the higher

LG fewele I8 gemetally more eapensive.

Basic types Include:

. & Alr-purifying masks, which filter
. pbient air through cartridges or cane
= lssers eomtaining  adworbent media.
= Cartriige types seportedly rum $10-13,
? camivers about $30 and “powercd”
 (blower-cquipped) types around $200.
Replacement cartruiges are $3-6 and
cams $10-13. Cartidge masks arc pere
mitied for up 10 10 ppm and canisiers
for up 10 25 ppm. probably as much
as would be found in a processing
plant,

& Airsupplied masks, which are fed
through a hose from an cutside source.
Masks themselves cost $30-85: the
jcast expensive method ©f supplying
sir would be to connecct with the
plant’s compressed-air system and add
;8 low.pressurs purifics (abowt $1000).
As issucd, the standard permits air-line
respirators without auxiliary supply in
vp 10 100 ppm; but the Jist omils
what’s said to be actusfly the most
common respirator type. The list is
being amendcd so that, [or not over
1000 ppm, OSHA reportedly will per-

mit 2 Toma C eur

[

27 fow respirator with full or half mask,
helmet or hood, which costs approsxi-
mately $60-30. -

& Sclf-contained compressed-air bot-
- tles, which, depending on type, can be
. used in all environments. For a 1S-min
supply, thcse unile start at $350-400.
- Combination air-line typcs with self-

contained auxiliary supply would run
$200. However, to refill compreswd-
air tanks requires 2 high-pressure purie
fict/compressor/cascade  system  cost-
ing $5000-$6000.¢

I any rospirator is ied at all, clear-
Yy the modd desirable for the processor
in ierms of cost and convenience of use
arc the air-purifying types. Unfloru-
nately, to date no such respirators have
been approved by NIOSH. as reyuircd
by the standard. NJOSH reportcdly
only jint complcied teuing protocols
to hegin cvatuations and pouable cor-
tifications of respirators thin month.
One important quostion stitt *cft hang-
ing i whethce NIOSEL will insst on
end-of-service-life indicators (the first
of which i only recently rumorcd to
M 2 been developed) o will po atong
with OSItA’y aceepiancee of “admin-
trative controls™ 1o make sure car-
tricdzes and camisters are replaced safli-
cicnily often,

Dirt even if all approwals are made
immediately, it will be impoble o

A.air e
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Cartrioge [} 2~ ca~ister {r.] type sir-purifying respiraters ore Jeast sapemsive and smiest =4

te wme, by! must  wait NIOSH approval.

supply the indistry with the required
number of respirators by Jan. 1, ae.
cording to an SPI petition for a delay
of the standard. Some 25 000 respira.
tore are renaniedi aleesdy on order
for YVCM and PVC monulactlurens
alone, and S5PI says today's supply is
only 265 of current demand: with ex-
peditious NIOSH  approvals, supply
would still be only 7875 of Jemand.

But sheuld Lick of availzble respira-
tors be the only [actor keeping you
from complance, OSHA sources in
Washington say application for a vari-
ance is always 3 powible avenue of
relicl.

Tips om engincering comtrals  When
asked what dnliculty proceesors will
have in kwerine VOM levels i their
planie. mou imformed sourses replied
that in the long run, gettiny nd of
VCM wouid not properly be the prog-
cune’s peoblem at all. Since his only
cypesure 10 VOM can be from unre-
acted monomer i the resin (PVC does
not doerade ta VOMDY the most evi-
dent solution i for the res.n suppher
o temoene as mach of ot as poseible.
There s mdeed a strong poh by all
resn supphicrs to acconiphish just that.
Today s rennd reportcds nuay contain
anywh o from lew than 1 ppm 1o
orver P50 ppmy 0 VONM L ilopending on
mothaal of manufacture, grads, parti.
cle semmture and other factors, The
il poallindodry wide, seems o be
to gt oaverspes bebow SO prm; some
supplicrs say they can achweve this

RSV

consistently in certain grads or from
¢ecnain production facilities Tenneco
Chemicals even claims it has been
able. on a pilot-plant basis, to produce
resin with “no detectable™ VCM
maining.

Mcanwhile. the next best answer for
the processor is said 10 be 0 remove .
as much VCM as possible. u:nder con-
trolled conditions, during the tome
pounding process. Such an  effort
would leave that much, less monomer
to cause problcms downstream. Sub-
stantial improvements m VCM remove 47
al repartedly have been shown possible .*
with 3 ncw lechnolopy developed ' °
jointly by ICT's Plastics Div, and T. K.
Ficlder Lad. in England. with the tech- ~ 05
nology now made available in the ..
US. and Canada through Werner &
Picidercr Corp., Waldwick, N.J. ‘

The system centers on the dryblend-
ing cycle, where most VCM s nore
mally pencrated, and further enhances -
this effect while insuring that the
VCM so produced is safely exhausted
from the work arca. Jn this way, it
not only makes the retin more (ree of

but reportety also tends ta vield lower
VM kevels in the mrixer work area.

through the miver headspace while™
small amaounts of low-pressure air are
alw injected at or near the battom of
the miver bowl. This aie then floms
thronigh the matcrial, stripping away
aktitienal VON fromn the niis. Monee

0006642
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- techniques.

: to ret ofitting a!l existing dry-

" amvin. Thus the system is said

600G installed, depending on
" size ind type of mixing equipment.

a cyclone scparator, where
patticles are collccted in 2 re-
movabls duut bin: it then moves on

10 a cloth filter to trap adidibonal fincs
“before passing through s turboblower

and being eshausted from the work

_ares. (Sce diagram.)

With this Evorsia system, much

" more monomer reportedly can be re

moved, - at Jower tempcralures than
would otherwise be necessary, Com-
pany data show that residual VCM in
finished dryblend can be halved by in-
creasing miving temperature from 250
F to 263 F. though even better results

- can be obtained ar the lower tempera-

ture by adding headspace aspiration
alone. With air stripping as well. mon.

cdly can make fecd lincs quite het
(120.200 F) shile vacoum hnos are
covler (I00-§201 1) and thus cause lew
monomer to be reluased. \What's moere,
Proccss Control's vacuum-conveying
systems  fealure  closed-toop  desizns
that both exhau.t manomer outsile the
plant and reportedly avoid particle-size
clmaﬁc.amn prablems said to be com.
mon in clowd-loop pressure systens.

Process Control s working on other
materials-handiing approaches to mini-
mize worker evposures in miving
areas. Here part of the problem is <aid
to be that uanlly only majer come
pound ingredients {such as resin and
plasticizer) are mcetered automatically
to the miser while from sy to 10

cwlming a calendering linel)

Proper sentilabion s ake .ulﬂublc
in warchouws where PVC pesin 78
stored. Cont and airflow reguircments
can pewarhly by minimizred by keeping
all PVC sepregated in one corner, per-
hars in an acttal enclosure, with jocal
evhawsting provided. Alcrnatively, in
a warchise with relatively pood overs
all air movement. you might scatter
the PVC in smaller Jots so that lesser
local VCM concentrations could ac-
cumulate.  Amount  of  ventilation
necded in a warchouse will parily de-
pend on storage temperature, more
menemer being liberated at higher
temperatures, How long the resin ks
starcd is alwo relevant: VCM emissions

omer removal at 230 Fis in- 7
creased more than [ourfold

to readily produce dryblends
with only 5.10 ppm residual
VCM vs. more than (00 ppm
by conventional dry-blending

Werner & Plleiderer rup-
plies complete Eaorsta sys-
tems, including engineering,
train’ng and installation serv-
jces as well. The Exorsta sys-
tem i 2 selfcontained design
with cyclone separator, filter
and eshaust mechanisms and

[ N—
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) from hagped resin reportedly

1

* ily true for pelietized PVC
malcrials).

ing scveral thousand doltars
on ventilation in order to get

s a technically complex sub-
ject in jtsclf, you may well
+  want to consult a professional
engincer before making such
an investment.

i Dr. Maurice Oberg of LFE

Is sai to be readily adaptable

blen¢ umits. It costs $3000- Corp)

Co ssiderable work is being done in

- monomer-extraction techniques. Proe-

ess Control Corp., Atlania, reporrs it
alko 123 been retrofitiing mixer uvnits
with its own aspiration systems. And
Werrer & Plleidere. is developing
techrology for using vented twin-screw
compounding extruders to remove even
more monomer. A goal which it hopes
to accomplish soon is to produce com-
pound with as little as 1 ppm residual

VCM.

Among other techniques for mini-
mizing VCM exposures in processing
plants, setomated bulk maiterials han-
ding is certainly a step in the right
direction, a3 it efiminates exposure
from opcning bags or hoves or from
stored material in warchouscs. Bot re-
member that what happens in a pncu-
matic feed line is reportedly something
hke air Hripping in a miver: that is,
there will he plenty of entrained mono-
mee and posc e Jeaks arc 3 facior to
consider.

For this rcason, Process Control
Corp. cngincers have been recom-
mending vacuum rather than pressere

sysiems. Pressure and friction repor-

New syttom romeves 01 mech YOM o¢ ponsible dwring dyblending,
10 lots can ascape downitream. {Covrtery, Werner & Pheiderer

“microingredients” (additives which to-
gether add up to no more than 10%
of the total) 2re added by hand. The
company recommends instcad that
these microingredients be  master-
batched sogether with enough resin to
dilute the whole to 3 sizeable volume
(rom which portions could be auto-
matically dosed. Gerting the operator
away from the mitcr as much as pos-
sible s thus a2 suimp'e answer to re-
ducing his exposure. -

But of 21l enzinccring controls ap-
plied to the VOM problem. ventilation

it probably the mest widespread and’

versatile. Moving large solumes of air
to ventilate entire work arcac ix the
most expensive and lcast effcient ap-
proach; n addivon. winter wcather
will require that incomeng air be heat.
ed. at conciderable cvira expense.
Locaung exvhand honds ncar proce
csing egmpment 8 by far the pre-
fereed approach, and muany processors
strthte theie lack of cvposure prob-
lems te denng thic. In many cascs,
Jecal vennlaton had a'rcady becn in-
stalled 1o rcmove plastigizer vapors
and other fumes. {Onc plant cven
went to the novel length of cntircly

RSV 0006643

Environmental Analysis Lab-
oratories prescnted some of
the compiexities involved at
a recent SPE mecting in
N.Y.C. For example, distance of an
cxhaust hood from the VCM source
is an important factor, with airflow
requircements increasing proportional-
Iy to the square of that distance. Hood
confizuration is likewise important,
since 25% less sirflow reportedly can
provide the same amount of control if
the hood is Manped or if it's placed
Nlush against 3 wall or other surface.
One examplc Oberg cited was a hood
over an extruder die, the hood flange
contacting the die at roughly a 45°
angle. Such an arrangement reporiedly
would provide cfficient fume removal
and aveid dripping condensed plastie
cizer, for instance. on the extrudate.
A ficcihle metal duct would permit the
hoed to be moved for access to the die.

The above consideratinns, as well as
shape of hood, fun biace confipuration

znd duct zeomctry, are only some of -

tke factors involved in detigning the
maost cllicient system for your money.
(A profesional manial on the subject
i “Induatnal Ventlation™ published
hy the Amcerican Conference of Govs
ernmental Indostrial Hy pienists Come
rittee on Industrial Ventilation, Lan-
sing, Mich.) oo
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Some proccssors arc spend- -

below the action level, As this |

decline rapidly 1o negligible -
levels aflter 8 fow weeks
(thouh this is not necessar-




