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TO: W. F. Patient M. Hross "l’w /:9.9’2
E. C. Martinelli L. . Larson '5@
I.. M. Maresca W. W. Ban A
D. P. Knechtges R. Gomez
G. L. Rutman F. E. Krause
R. K. Hinderer D. Wilson

FROM: M. M. Marshallydﬁ4

RE: _U. MASS. LOWELL PROCESS EMISSIONS STUDY

The flnal report from U..Mass._Lowell to SPI was d;strlbuted to

: OHEIC (Occupational:Health and Envxronmental TIgsues: Commlttee)

- members at the November 6 meeting. Unfortunately, an exten51ve
rewriting was required to the original submittal on July .18,
which has taken several weeks. The report will be issued to SPI
member companies by the end of the year with a cover letter to be
drafted by David Sarvadi of Keller & Heckman containing several
caveats.

It should be noted that the data was obtained only after the
processes reached steady state operation and the authors feel
that "the emissions were at the peak off-gassing stage of the
plastic production cycle" under the specific conditions described
in the report. PVC products were provided by Geon: flexible PVC
extrusion grade, rigid PVC injection grade and general purpose .
crystal PVC used in the thermofeorming operation. Mass
percentages of vapors collected during PVC processing are listed
in tables X, p. 42 & 43; XII, p. 45; XIII, p. 46 and XIV, p. 47.
As stated in the draft report, which was previously distributed,
VCM and HCl were not detected and benzene was "present in'very
small amounts".

The major ABS producers are very dissatisfied with this study and
have funded any independent study by Battelle. A group of
polyethylene producers plan to do the same and Dow is also
considering commissioning Battelle to do a study on polystyrene.
However, U. Mass. Lowell has the right to (and almost certainly
will) publish this study. By copy of this memo, I am reguesting
Bob Burnett to have it reviewed by the appropriate vVinyl
Institute Committees. Please do not release the report or any of
the data outside of GVD until I give the ''green light".

cc: Bob Burnett

UMASS . MMM
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EXECUTIVE SUMMARY

. The objective of these experiments was to identify the best collection and analytical
techmques available to conduct source sampling during plastics processing, and use them
to prepare sampling protocols Source samples of emissions from polymers in various
processes were obtained in order to choose a set of target substances that would be
representative of emissions in industrial settings. The study of previously published reports
and the detection of emissions from seven plastic processes and five polymers permitted a
reasonable basis to choose the target substances.

: The target substances recommended to be routinely sampled from five commercial
grade plastic materials studied were : for polystyrene (PS): styrene, ethylbenzene, toluene
and benzene; for polyethylene (PE): formaldehyde, formic acid and benzene; for
acrylonitrile-butadiene-styrene (ABS): styrerie, xylene, toluene and acrylonitrile; for
polyyinyl chloride (PVC): *vinyl chloride, *hydrochloric acid, benzene and toluene; and for

g unsaturatcd pmm_bjﬂk,mpld_mg_cg_pmmd(BMC) styrene. Solid condensation aerosols” . . .

T wére’ ‘als0 medsured in most cxpcnments thereforc total aerosols were also. rccomme.ndcd-f’i“

for routine sampling of process emissions.’ Criteria for selection of target substances were:
positive identification, being present above ten times the detection limit of the analytical
method and having regulatory interest. (Note: compounds marked with an asterisk were
sampled but not detected in these experiments but are nonetheless recommended for
routine sampling).

These initial procedures represent the necessary preliminary steps to be the basis for
a complete protocol to quantify emissions to be used by the plastics industrial processor.
The methods of collection were standard industrial hygiene sampling methods. Analysis was .
conducted by a commercial analytical laboratory accredited by the American Industrial
Hygiene Association (AIHA) and the Commonwealth of Massachusetts.

Samples were taken for seven basic plastic processes and one compounding operation
as follows: Extrusion processes: strand ; sheet; blown film and extrusion coating, Injection
molding, Thermoforming and Compressxon Molding, (including a compounding operation).

The focus of the process emissions evaluated in this project is the emissions
generated by the melting of the polymer per se. Emissions originated from additives (e.g.,
stabilizers, chain transfer additives, plasticizers and colorants) may appear in the results but
are not the focus of this study. The methods described here are only suitable to evaluate
ermissions of thermoplastic processes where the polymers are melted in a normal steady state
operation or the compounding and cure of the thermoset polyester. Non-steady state
operations, such as purging may generate additional decomposition products of industrial
hygiene interest. Their generation during plastic production should be evaluated but their
collection and analysis were beyond the scope of this study.



I. INTRODUCTION
- A. Objectives and Scope
This report presents the results of the first phase of the devclopmcn.t of a protocol
to characterize emissions genc?atcd during plastic processes. The initial task in this project
was to identify and perform quantitative analysis on selected organic vapors and measure
gravimetrically aerosols generated from some plastic processes. The emissions were

collected at the peak off-gassing stage of the plastic production cycle. The sampling strategy

: __;consxsted of the collectlon of soun:e samplmg usmg mdusmal hyg:cnc samphng collecnon

S

'equlpment en mdustrlal sxzc plasms productxon machmcry at the UniVersny of; S

Massachusetts Lowell. The collection and analytical qlcthods described here could be
generalized and applied to the identification and relative quantification of organic vapors
and aerosols originated from a plastic melt. Once a broad spectrum of organic chemicals
was identified and their relative concentrations determined, a decision was made to choose
target substances suitable for quantification of emissions. Thcsc; choices were based on two
criteria; i.¢., the relative amounts produced and the re.'gulatory interest of the substances
identified. This initial work is the necessary prelimiﬁary steps to be the basis for a complete
protocol to quantify ;.:missions to be used by the plastics brocessor. The methods of
collection were standard industrial hygiene sampling methods. Analyses were conducted by
a commercial analytical laboratory accredited by the American Industrial Hygiene
Association (ATHA) and the Commonwealth of Massachusetts. The objective of this
arrangement was to make these procedures available to any plastics processor on a routine

basis.
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Samples were taken for seven basic plastic processes and one compounding operation
as folIOWS' Extrusion processes: strand shect blown ﬁlm and extrusion coatmg, In)ecnon
molding, Thermoforming and Compressxon Molding (mcludmg a compoundmg opcratlon)
Five commercially available plastic materials were used for different processes. They were:
polystyrene (PS), polyethylene (PE) (high density polyethylene (HDPE) and linear [ow
density polyethylene (LLDPE)), acrylonitrile-butadiene-styrene (ABS), polyviny! chloride
'(PVC) and unsaturated polyester BMC (UP).

A total of 30 samplc scts were collectcd to identify orgamc cherrucals through gas

R ichmmatogl'aph)'/ mass SPectromeu'Y (GC/ MS) mcthods 'I'hcsc IdentlﬁCd 2 Sf&“d total Of.’;; e

76 quanuﬁable ana!ytcs (relative to a MS calibrating chcnucal) Two addmonal sample scts
were collected to identify oxygenated compounds from PE extrusion. The analytical
technique for these two last sets was High Pressure Liquid Chromatography /Ultra Violet
(HPLC/UV). Eight quantifiable aldehydes and organic acids were id?:niiﬁcd. Aerosols
generated from some processes were measured gravimetrically as total aerosols (15 samples)
and benzene soluble aerosols (17 samples) for a total -o'f 32 aerosol samples.

The focus of this project was the emissions écnerated by the melting of the polymer
per se. Emissions originated from additives (e.g., stabilizers, chain transfer édditivcs,
plasticizers and colorants) may appear in the results but are not the focus of this study.
Their generation is not discussed in this report, since their chemical nature and purpose was
not identified to the researchers in any of the commercial grade polymers used in the
experiments. The methods described here are suitable to evaluate emissions of

thermoplastic processes where the polymers are melted in a normal steady state operation



or the compounding and cure of the thermoset polyester. Operations like purging (before
and after steady state production) generate additional decomposition products (1).-
Emissibns from thermal decomposition of additives, mold releases and decomposition
products gcnerated during purging and non-steady state conditions may be of particular
industrial hygienic interest. Their generation during plastic production operations should

be evaluated but their collection and analysis were beyond the scope of this report.

B g}gg g ;hg L;g;:am;g

- I“ thc producuon of most piash‘cs polymcrs are meltcd and thcn shaPCd in Processes S

such as extrusmn, mject:on moldmg and thcrmofortmng‘ to obtain the desired final form.
During processing, the hot p_olymcr undergoes thermal degradation with the generation of
various chemical species. The mechanisms of polymer degradation by heat have been
identified as: random chain scission, elimination and de-polymerization (1).

In the presence of air, some hot polymers cmit' oxygenated degradation products.
Laboratory studies of mechanisms of thermal oxidation 6f some polymers have shown the
production of low molecular weight (from one to three carbons) oxygenated forms, such as
aldehydes, ketones and organic acids (2). |

De-polymerization has as its principal degradation product the monomer or monomers
forming the polymer chain. A second mechanism of monomer generation is the release of
un-reacted monomer trapped in the plastic material (1).

The variables controlling the generation of emissions have been reported to be: a)

the operating temperature; b) the rate of melted mass produced; c) the surface area of the
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melted product; and d) the polymer residence time in the processing machine (3), (3). Very
few systematic evaluations of thermoplastic process emissions are found in the literature
where industrial size machinery has been evaluated. Studies in the U.S. are mostiy
laboratory evaluations (5) or studies of products of pyrolyﬁc decomposition (6). Three U.S.
field studies of thermoplastic emissions from styrene containing polymers were found in the
. literature (7), (8), (9).

Mgere extensive laboratoxy and ﬁcld industrial hygiene evaluations of thermoplastic

: proccsses ctmssnons were conductcd in Scandmawan coumnc:s by the Swedlsh Work

.'Emnronment Fund (4) (10) (11) The orgamcvapors were colléctcd in charcoal tubcs and o

analyzed mostly by GC (no MS) and High Pressure I.lquid,Chromatography (HPI.C). There
is no detailed description of the plastic processing machinery (4). No information is
provided on what specific process (e.g., injection mblding, extrusion, etc.) generated what

level of contaminant. The polymers used were commercial plastics of European origin (3).



Il. MATERIALS AND METHODS
Sampling collection took place at the University of Massachusetts Lowell, Plastics and
Composite Development Center (UML-PCDC) located in the College of Engineering.
. UML-PCDC has complete processing machinery and testing materials for a vast selection
of piast-ics. - The processing cquipment uscd was industrial size.. Industrial quantities of
‘PCDC facnlmcs are cquwa.lcnt t0 ';.Ln;edlum size mdustnal plasucs productlon facnhty
The characteristics of the plastics process machinery uscd in this project are
summarized in Table I. The materials used in each machine are also. identified in the same
Table. A description of each plastic used appears in Table IL
Operating conditions, such as temperatures, flow rates and sample times are
presented in the results section corresponding to each process and raw material (Tables V
to XIII). As indicated in Table I, all the UML-PCDC laboratories are equipped with
General Exhaust Ventilation (GEV). In addition, three piecgs of equipment (the injection
molding machine, the thermoforming press and the compounding mixer) have Local Exhaust
Ventilation (LEV). The ventilation status of the machinery was not relevant to the sampling
conducted in this project. The objective was to bypass any LEV or GEV system by placing

sample probes within six inches of the molten polymer.

. techmcal gTade matenals and mdustnal producnon routmcs were. employcd Thc UML- _ -

008K82G2



B. Description of Plastic Raw Material Used

Commercially available plastics were used in the 30 sampling campaigns. Eacb
plastic was used in the specific process for which it was recommended in the supplier’s
specifications. No quantitative information on additives was provided by the manufacturers.
The plastics used by process appear in Table IL

C. Description of Sample Collection and Analytical Methods

A typical cxpcrimcntai run took placc on days when no other processes or machines

were in opcranon at lhc UML-PCDC Pnor to the mmal warmup pcnod of a proccssmg

’ ""machmc a background sample was' collectcd to ldenufy any lmgcnng laboratory atr

contamination around the processing area. “The organic chemicals found in the baclcground
sample were subtracted from the final results of the process sample taken during steady
state operations. Once the background laboratory air sample was collected, the process
machine warmup was initiated. When the recommended operationz;l temperatures,
pressures and flow rates were stabilized, steady state was reached and the process sample
was collected. It took from one to two hours, dcpcndiné on the process and the polymer,
“before steady state was reached. Between 30 ahd 60 minutes after steady state was
achieved, the sampling procedure was started (Precise sampling times and other aspects of
sample collection are described in detail when specific methods are described below). This
methodology was followed for all sampling campaigns where the analytical method was
GC/MS, as well as when the analytes were aldehydes or organic acids. A detailed

description of the procedures follows.



1. Sampling for Organic Vapors via GC/MS Analysis
a) Sample Collection
Different thermal desorpﬁon tubes were used depending on the -analytc.
Either a Carbotrap® 300 tube(for aromatics) or a Carbotrap 200 tube (for aliphatics), was
used as the collection device to capture emissions generated in the processes studied.
Figures 1 to S in Appendix A illustrate the samplé probe lomtio.tnls for an injéction molding

_experiment (Figure 1); for an extrusion paper coating experiment (Figure 2)' for an

o y cxtrus:on blown ﬁlm cxpenmcnt (F1gure 3), for a the.rmoforrmng expcnment (Flgurc 4) and .

' for a Iow pressurc cornprcss:on moldmg cxpcrlment (Flgurc 5) Dctalls of the Carbotrap
tube are shown in Figure 6 (12). The sampling me'thodo‘!ogy is standard industrial hygiene
practice used routinely by the Occupational Safety and Health Administration (OSHA), the
Environmental Protection Agency (EPA) and the National Institute for Occupational Safety
and Health (NIOSH) and is described in detail in readily available refcrcﬁces (13).
(* Note: Carbotrap is a trade name of Supelco a subsifiiary of the Rohm and Haas Co.).
1) Sample Train The sampie train consists of: 1) a Gillian Air

Sampling Pump calibrated to draw air at 100 cm’/l;nin. (calibration prbcedures appear in
Appendix D), 2) Tygon tubing connecting the pump to the adsorption tube ; and 3) the
Carbotrap tube (Carbotrap 300 or 200). The configuration is similar to Figure 7.

Once the sample was taken (usually between 5 and 6 liters of air) the tube was

capped and sent to the laboratory for analysis.

£L00S82G2



2) Sampling Procedure The sample collector (Carb.olrap tube)
is placed approximately 6 inches from where the molten plastic exits the process machine.
The sample collectors were placed as close to the hot plastic as practicable, to assure
- capture of the plume of vapors emitted from the molten material. For details of each
collection point see Figures 1 to 5. Three samples were collected for each experiment as
follows: first, the sample of laboratory air collected one hour before the initiation of the
melting process to assess the extent of contamination of the cxpcrimcntal area; second, the

) sarnple of, thc cmlssxon plumc at least 30 rmrmtcs aftcr the process was ethbratcd at

- '-'f.stcady state for tempcraturc, prcssure and ﬂow rates; third, ablank sample (unused samplcf D]

tube) was shipped to the analytical laboratory with every sample set. Thc analytical
laboratory was not provided with informaﬁon about which tubes were samples or blanks in
order for them to be able to perform blind analysis. Other sampling cietails by process
appear in the description of each experiment.

At the end of each sampling campaign, the emissions, background and blank samples
were shipped to the laboratory where they were analyéc':d within 48 hours of collection as
recommended by NIOSH (See NIOSH Method S 1501). Samples were kept under
refrigeration (38°F) while gwaitiné analysis.

b) Analytical Procedure
The Carbotrap tube is desorbed "ballistically” (from 35 °C to 335 °C in 16
seconds) in a Thermal Desorption Unit (Supelco TDU). The effluent is rapidly transferred
to the GC column for separation. The GC column was a SUPELCOWAX 10 capillary.

This column separates the organic chemicals in the sample (11). The MS procedure follows



immediately after the GC separation. The effluent is passed through a MS detector for
identification and quantification of the organics in the sample. The MS quantification of
the substances in the sample is made by comparison with a calibrating substaﬁcc (e.g.,
benzene). Results are reported as mass equivalent of the calibrating chemical (14).
Carbotrgp 300 was used when aromatic organics emission were expected. This was
the case for crnis;s.ions from PS, ABS and polyester BMC. A Carbotrap 200 column was

uscd in situations whcrc aliphatic or polar organics were cxpcctcd (PE and PVC)( 15). After

above The analysxs was performed in accordance with EPA Method 624 for Volanle
Organics. Sensitivity and other data of the analytical method appear with the information
sﬁpplicd from the analytical laboratory in Appendix B. Complete copies of all the analytical
methods appear in Appendix D. This analytical methodology was chosen because it permits

complete desorption by heat and is sensitive to very low quantities of organic chemicals (13).

2. Sampling for Aldehydes
Vapors from-emissions are collected in the locations illustrated in Figures 1, 2 and
3. The collection device consisted of two impingers (bubblers) in series cohtaining a
solution of iso-octane and di-nitropheny! hydrazone. Air was sampled through the bubblers
for one hour at a rate of 1 L/min. The solution was then quantitatively evaluated by High
Pressure Liquid Chromatography/Ultraviolet (HPLC/UYV). The procedure used was EPA
Method TO-5 (Impinger Collection, HPLC/UV). This method was selected because it is

specific for aldehydes and unlike GC/MS, the results are not reported as mass equivalents

i sample co{lccuon thc sampler was thermo-desorbed and analyzq:d by GC/MS as explazned-' SRR
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of a surrogate compound. A complete copy of the method is included in Appendix D.

3. Sampling for Organic Acids
Vapors from emissions were collected in the locations illustrated in Figures 1, 2, 3
and 4 using a silica gel adsorption tube. The sampling train was identical with the one used
with Carbotrap tubes (see above). For analysis, the vapors were desorbed with de-ionized
 water and analyzed using HPLC. The column used was an Aminck HPX-87H ion exclusion

column 'rhc solvcnt was 0. 01 H280¢ at 1 ml/mm. Ttus mcthod was rccommended by thc ,

o "j"'; H&ES Analyneal Chcrmstry Laboratory of the Dow Chcmwal Company Mldland MI (I6) o

This method is a variation of OSHA Method 28 for organic acids (see copy in Appendix D).

4. Sampling for Aerosols

a) Total Aerosols
The Total Aerosol designation in industrial hygiene practice include solid
particles regardless of size, i.e., include respirable ax;d not respirable sizes. They are
collected in a filter with no size selective device preceding the sample train. Total aerosols
were collected in the iocations described in Figures 1, 2 and 3. The sampliﬁg train is
described in Appendix A, Figure 8. The polystyrene cassette holds 37 mm diameter filters.
The cassette was open for sampling to the laboratory air. The filter was a PVC 5 um pore
membrane tared filter. Air was sampled for one hour at 2 L/min. After 24 hours of filter
drying in a desiccator, the sample was weighed to 0.01 mg. The method used was NIOSH

Method 0500. A copy of the procedure is included in Appendix D.

10



b) Benzene Soluble Aerosols
This method was used for the purpose of differentiating organic from inorganic
(dust) aerosols. Benzene soluble aerosé)ls represent the organic vapors condensed in the
particles collected. It is measured as the weight of the benzene soluble fraction of the Total
Aerosols collected. Benzene Soluble Aerosols represent then, the sum of organic aerosols
. collected in a filter plus the condensed organics from the gaseous emissions that are soluble

on benzene. Thcreforc. the weight of emissions collected by this method could, in some

B cascs be grcatcr than the sohd products of condcnsatwn collected by the mcthod of T__Q;gl ,

ALQSD.& abovc Thc proccdurc used for coilectmg Bcnzenc Solublc Acroso‘.s is 1dcnuml to‘“-'-" o

Total Aerosols, except that a Teflon (PTFE) 2 um size tared filter was used in a sealed
cassette. For analysis, the filter was washed with pure benzene and the benzene soluble
materials were determined gravimetrically. The method used was NIOSH Method S023.

A complete copy is included in Appendix D.

This sample technique permits analysis for the presence of semi-volatile

organic air compounds that could be present in the vépor or particle phases of thermal

emissions.

¢) Lead Aerosols

The same procedure was used for lead as outlined above for Total aerosols.
The analytical method for lead analysis is Atomic Absorption Spectrophotometry (AA).

This procedure to detect lead acrosols was used in processes where the raw material was

PVC. The method used was NIOSH Method 7082. A copy is included in Appendix D.

11
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5. Sampling for Hydrochloric Acid
_ Sampl_csv were collected on silica gel adsorbent tubes following the procedure outlined
for organic acids. Sampling was for one hour at 100 ecm*/min. The tubes are desorbed and
analyzed by Ion Chromatography. The method used was NIOSH Method 7903. A copy is

provided in Appendix D.

12



IT1. RESULTS
A. Qrganic Emissions Identified by Process
Seven sampling campaigns measured emissions from four different extrusion
processes. They were: a) strand; b) sheet; ¢) blown film and d) extrusion paper coating,
The polymers studied were PS, PE, ABS and PVC. A list of the organic chemicals
identified in these processes appears in Table IIl. Sampling procedures and methodology

were described abové. Diagrams of sarhplcr locations 2ppear in Appendix A.

Two sclcctlon cmcna for GC/MS analysms rcsults were fult‘ llcd by the chcrmcals R

method, and second, it had to bc present in an amount ten times the detection limit. 'I'ius
criteria was considered to be adequate since the background concentrations measured in the
laboratory air were less than 1/10 the detection limit of the methéd (>0.001 ugm) and
generally this amount identified the target substances of interest. A

Aldehydes and organic acids in the PE experiments were identified by a different
collection and analytical method, i.e., HPLC/UV .(see Tables VII and VIII). The
procedures in these experiments were Quamitativé and specific for aldehydes and organic

acids.

Table IV shows the emissions identified in three processes: a) injection molding; b)

thermoforming and ¢) compression molding. Five polymers were studied: PS, PE, ABS,

polyester BMC and PVC.

Identical selection criteria apply for this table as applied to Table IIL

13
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B. Qrganic Emissions by EQlym;r
Tables V to XTI show the relative mass percentage of orgénic chcmiéé.l ._emissions
during the steady state processes studied and analyzed by GC/MS and ﬁPLC/UV; The
values in the tables were calculated by dividing the amount of each component by the total
of all these identified components plus all other measured but un-identified components.
" Thus comparisons can be made within each experiment to examine the relative amounts of

thc vanous emissions. It ‘was not poss:blc to mlculatc any absolutc amounts o£ emissions,

A pcr umt of pOIYmer PN)CCSSC(L Tlns was bcamﬁc although thc samplc collccted was S

reprcscntauve of the emission stream, it did not contain the total emissions gcnerated, or
even a known proportion of the emissions. Therefore, it was not possible to compare the
amount of emissions from one process, e.g., extrusion with another such as thermoforming.

The relative emission percentages are calculated as the proportions- by weight of the
emission 5mounts of a compound in micrograms per kilogram of melted polymer going
through the plastics process machine. Emission amounts were measured during the
sampling time at steady state. The same sampling and analytical instruments and techniques
(GC/MS) and (HPLC/UV) were used for each series of experiments with each pblymcr in
the various plastic processes studied.

The tables of results also present the highest temperature recorded during the
process. The profile of operating temperatures typically varies between 5 and 20 °F below
the value reported in the Tables. However, it was considered that the critical parameter for

the generation of emissions is the highest recorded temperature in the process.
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