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INTRODUCTION 

On April 26 and 27, 1972 the Dlvhio1'LtJf< 
Investigations made a plant visit io the.fzf 
Canton, Massachusetts. The visit was',maol'I)';. 
Patrick Shuler, and Dr. Richard Spiegel. The pwrj 
make an industrial hygiene survey of the hell tty 'a 
rubber workers ta 1 c exposure. . . . . , . 
' As a result of the initial tour through the<p•l'a~t, t;~· 

(t. hat the rubber band operation appelil.red to be. t.·h. e.·.'cltl·tt····.'.·.·.·. 't·:·;.··.·; .. '.·. free silica and asbestos fiber \"Jere found to be preseftt'lri•·tllli 
~sed. Personal and general air samp·l,es were used•to evaldatii& .. · 
expos1,1res. In addition to total airborne dust teveh beiftg ex~essi;~· 
free silica and asbestos exposures were found to be grossly In excess o 
present standards. . 

J'he following paragraphs describe the plant operations and housekeJping' 
procedures. Sampling procedures and results a~e also given along with 
recommendations for needed improvements and f~rther testing. 

DESCRIPTION OF.THE PLANT 

The plant is located in Canton, Massach.usetts, approximately 15 miles 
south of Boston. The plant site is composed of approximately 15 acres with 
approximately 400,000 square feet of n~nufacturing und storage area. 
Products of the plant include the following: 

I. Coated Textile Products 
2. Rubber Bands and Garden Hose 
3. Friction, Rubber, and Plastic Tapes 
4. Vinyl & Crepe Rubber Shoe Soling Slabs 
5, Vinyl Coated Fabrics 
The plant's first buildings were constructed in 1896. The coated 

textile products division was moved from Rockland, Massachusetts to Canton 
.. tn 1961. The total employment in the C<inton facl 1 i ty is presently approx­
lmately 1000 persons. The daytime shift is the primary shift although 
some operations are carried out 24 hours per day. The rubber band operation 
lnvolves about 100 employees over three shifts approximately 40 of which are 
e.ngaged in the actual band production. 

Plant medical personnel consi.sts of one registered nurse during the 
day. Dr. Ruben, a local general practitioner, serves as plant consultant. 
There are also two supervisors on each shift who have some training in 
first aid. All employees are given a pre-employment physical .. This 
excludes taking a blood test or X-ray unless the worker has a history of 
respiratory problems. No further physicals are offered to the employees 
by the company on a routine basi~. 

The personnel director is responsible for both safety and security at 
the plant. A committee has been organized consisting of the safety director, 
union president, four supervisors and union officials from each division of 
tne plant. Each of the four divisions is inspected by the committee on a 
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monthly basts. s6f~~y ;l:lnsu1d1tlg~··· 
Insurance agent, liberty .f1utua1. . . .. , •• 

The company does not have a fuH ~.l•me t 
obtain consulta,tion services from a ldeiill 

DESCRIPTION OF THE PROCESS 

The talc Is used at Plymouth Ru~ber tn ct>l'IJ,1.ljf~ 
of rubber bands. Bales of pure syn~hetic ot: na,~urf 
the starting raw material, has fillers, acte'.1erators,"' 
vulcanizers mixed in Banbury mixers'. After leaviQgJ.he mt 
material are formed on a roller •. The strips are thrown oii" 
with "talc with a broom, so that the sheets will ·not stielt ·· 
rubber from t~e mixing area ts sent to varic>us departmehts 
processing; including the rubber band department. · 

'The band department passes th.e rubber from the mixing at~i •thr:~u5Jb,•. 
primary calender where more sulfur is added to produce vulcanh.ati<m. " 
material next goes through a heated calender where it ls cut into strlpsi .;;; ••• 
two Inches wide and passed through a talc dip to lubricate it. These " ;..•:.•, 
narrow strips are fed into an extruder that forms a tube of rubber which f'$; 
cut to a length of about ten feet. While exiting the extruder the ma.terla1 
ts contl.nuously dusted with talc both inside and out, again for purpos~s ~f 
lubrication. A metal rod is inserted in each rubber tube and placed on a·• 
rack. This rack is placed into an autoclave to complete the vulcantzttig 
process. Next, the tubes are separated from the rods, weighed, and crosswlsct. 
sections sliced off t'y a rotary cutter to form rubber bands. The bands arci 
then ready for packing and shipping. · 

Plymouth Rubber has just installed a new machine that takes the rubber 
strips and extrudes and cures the tubes of rubber continuously in a slngt• 
housing, thus el i-,'nating many material transfers and dusting operations. 
H~ever, current plans do not include the elimination of the present system 
tn the near future. 

lNSPECTlON OF PLANT 

Potential Health Hazards: The major potential health and safety 
encountered were: 

1. Asbestos and other fiber exposure during talc dusting. 
2. Free silica exposure during talc dusting. · 
]. High talc concentrations In the rubber band producing area. 
4. Large uncovered, unguarded pulleys and gears in the rubber 

solvating area. · 
Personal Protection: The company provides gloves, safety glasses, and. 

other protective devices in areas where required. A program for subsidizing 
the purchase of safety shoes is unden~ay. Respirators are not required ln 
any area but some employees do wear th.em voluntarily. 

V1;;ntilation: A llne diagram of the Band Room ventilation layout, 
together 11ith the capacitles of the various fans and blowers was supplied by 
Plymouth Rubber and is included in the Appendix to this report. This also 
gl~es some idea of the general layout of the equipment in th.e room. The 
Massachusetts Department of Labor dnd Industries has done a survey previously 
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(see Append.Ix~ . ln ~fltc'K;~ittoct>d .\iat,&'i!;H:tl 
for ven•ti latl~n~lA11Ptr~~ments made. 
provlde'd ue poo~ly'. Clestgmed and gener 
at I on points to .be.,effe:Gitlve:-, ,. . '<; 

There Is floor ventHJ~atfohc•t tn~ 
but the hoods are too ~at '1l!l\om th~~ dusi . 
of the rods from the cu.red rubb;e~ tubes~~0tq 
extruding stations are .un:flang.ed.and are lo 
the maeh i ne. Ta I c Is sp:rayed dow@Watd onto t 
vent I lat ion must overcome additiornt1 l•nertia 
solution might be to enclose the sprcaylng o.perl~l()nat\~• 
at I on to capture the created dust~ ·.. . . '. ;£~ 

The canopy hooding .over the calendars .ts effec~h·e 
general air, but can not be as effectlve;&s p110perly 
vent 11 at' Ion. There ls some genera I vent 11.atJon in th:ci '.)lac '•rt•· 
nothing Immediately in the vicinity wher.e the worke•rs hait..:lhi .tne 
rubber bands to pack them. Al I local exhaust ventilation is vented.~~-"' 
Sly bag type collector rated at 17,200 cfm. The 'Collector is located<'t~u~it! 
and appeared to function properly. . , 

The bands from the cutters are conveyed to the packing area pneuma~t~ 
thereby eliminating another dusty material transfer inside the band room. 
bands are separated from the conveying air stream by cyclones located on ~he 
roof. This system also provides local exhaust ventilation for the clJtteD.• 

Housekeeping: In general, the housekeeping in the portion of the pl•nt 
where the rubber bands are manufactured is very poor. Talc powder In some 
spots is piled up to three inches deep on the floor. Cleaning at the end of 
each shift ls done only by hand sweeping the band area. There does appear to 
be enough floorspace to prevent overcrowding and congestion in the walkways. 

Survey Procedures: Actual sampling was confined to the mixing and rubber 
band areas where the talc is used extensively. The objective was to dl!termlne 
the worker's exposure to total talc dust, free silica, and asbestos fiber. 
The following sampling methods were employed to determine these dusts 
quantitatively: 

1. General air samples were taken with Staplex hi-volume samplers 
equipped with Whatman 41 filters. The filters were tared and reweighed 
to determine total dust concentrations and free si I lea determined using 
the Talvitie 1 method. 
2. Personal sampling units equipped with Millipore Type AA cellulose 
ester filters were used to determine fiber con~cntrations by phase 
contrast microscopy. 
3. Personal sampling units wlth silver membrane filters were utilized 
to ascertain both total dust concentrations and free silica determined 
µsing the Talvitiel method. 
4.. Personal respirable samples were taken using the same system 
mentioned above, equipped wlth. a lOmm nylon cyclone and a pulsation 
dampener2 • 

5. Pictures have been taken through a microscope at 500X to document 
and characterize the flbers in th.e talc. Plans are being made to also 
do th ts at much higher magn i.flcat ion using an electron microscope. 
6. Bulk samples of talc are currently undergoing X-ray diffraction 
analysts to determine th.e percentage by wei.ght of free si J ica and 

. asbestos. 
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RE~UlfS Aft/Q, Dl,$~.IJS~:ION\'' 

ihe .... ~~mpf ~:?C;;~1J~t~l~~t 
Tables .. t, II, a.nd 111·~ .. 141 
even i<f .ta 1 c we're, consJi9ere 
talc and fre~ Si02 concentr:<1t;~'~ 
The standard.s ar;.e a,s folJows.1< ;. .• ;,.,,.; 

I . For f i br,pus ta le, 't~fi '8,;titJf 
p.resent asbestos sta.ndiiM'.'d>3t() 
Register Decemper 7, 197.J,. ,;fh. 

"The 8-hour t lme-we4ghtf4.~. 
asbestos dust to which empJoye'e5' ate 
f·I bers per mi 11 i 11 ter greater than f;:lv~i; 
determined b•. the membrane filt~r.m@thod~a 
(4 mi 1 J imete~ ,,bject ive) phase contrast Ill . ,. . .. 
above five fi!.~rs per milliliter but, not to exceed'~en fi 
milliliter, may be permitted up to a total of 15 mi·nutes in Jti 
for up to five hours in an 8-hour day." 
2. The present standard for free silica exposure 
sample is computed by the following formula: 

Standard (Mg/M3) 

3, The present standard for free silica exposure in a respirable 
dust sample is computed by the following formula: 

3 10 Standard (Mg/M ) = % Si0
2

+2 

From the attached tables, it is obvious that the average asbestos 
standard was exceeded in all but two of the rubber band operations. In 
addition to exceeding the average standard, extruder operators and vulcan­
izers had samples which exceeded the peak all01-1able ·1alue of JO fibers 

. greater than five microns in length per mil! il iter. 
Chemical analysis of the airborne dust indicates that free silica 

comprises 2-3% of the airborne fraction. Based on these findings, allowable 
totai dust concentrations should be less than 6 Hg/M:S an.:l allowable respirable 
concentrations should· be less than 3 Mg/M3. All operations in the band pro­
duction area had average total dust concentrations above 6 Mg/M3 and all 
operations except band cutting had average respirable concentrations above 
3 Mg/M 3• 

CONCLUSIONS AND RECOMMENDATIONS 

The industrial hygiene survey shows that talc, free silica, and asbestos 
exposures are grossly excessive. The following conclusions and recommendation*' 
for improvements are made: 

I. Talc is being used· in excess of that needed for lubrication. 
Decreasing the amount of talc used for dusting would result in 
lower airborne concentrations. In addition, it would be advisable 
to use a grade of talc which is lower in free silica content. 
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American Industrial Hygiene Associati9n JourmiL 
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APPENDIX 

TABLES 

I Personcll Sample Results 
II Surrrnary of Personal Sample Results by Job Type 

Ill General Air Sample Results 

FIGURES 

I. Vent! lat ion System, Plymouth Rubber Company 
2. Photograph of Airborne Talc Sample Taken at 500X Under Phase 

Contrast 111 urn i nat I on 

ATTACHMENTS 

I. Survey Report from Department Labor and Industries, Commonwealth 
of Massachusetts 
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PERSONAL SAMPLE RESULTS 

Plymouth Rubber Company 

Canton, Massachusetts 

l'.pri I 26-27 & May 10-11, 1972 

cm JCENTRAT I ON 

JOB SAMPLE # SAMPLE TYPE Fl LTER TYPE Mg/ri3 FIBERS >5ii/ml 

Primary Calender 11 Total Mass Si Iver 2:5.4 

Primary Calender II Fibers Mi 11 ipore "AA" 6.9 

Warm Up Mi 11 9 Total Mass Si Iver 54.9 

Warm Up Mill 17 Total Mass s; Iver I !3 

Warm Up Mill 9 Fibers Mi 11 ipore "AA" .i.t,,7 

Hot Mi 11 10 Total Mass Si Iver 35.7 

Extruder I Tota!· Mass Si Iver 63.8 

Extruder 2 Total Mass SI Iver 24.5 

Extruder 3 Total Mass Si Iver 49.6 

Extruder 4 Total Mass Si Iver 54.6 

Extruder 5 Tot;;i! Mass Si Iver 47.4 

Extruder r;, Total Mass Si Iver 50.0 

Extruder 13 Resp i rab I e ,~ass Si Iver 7.8 

Extruder 15 Resp i rab I e Mdc;s Si Iver 4, I 

EKt .. Jder 16 Respirable Mass Si Iver 2.'3 

Extruder I Fibers Mi 11 ipore "AA'' 10.2 

Extruder 2 Fibers Mi 11 ipore "AA." 4.9 

Extruder 3 Fibers Ml I Ii pore 'AA" 10. I 

Extruder 4 Fibers Mi. Iii pore "AA" 15.8 

Extruder 5 Fibers Mi 11 ipore 'AA." 7.6 

Extruder 6 Fibers fvti I I i pore "lo.A" 19.2 

Extruder 13 Fibers, Mi 11 ipore "AP.." 12.3 

Extruder· 14 Fibers Mi 11 ipore ''AA" 5.7 

Extruder 15 Fibers Millipore "AA" 9.2 

Vulcanizer 7 Total Mass Si Iver !98.5 

Vulcanizer 8 Total Mass Si Iver 84.3 

Vulcanizer 21 Respirable Mass S: Iver ~ ~ 
;! ••. 

Vulcanizer 22 Resp i rab I e Mass Si Iver 6.1 

V1ilcanizer 8 Fibers Mi i I ipare "AA" 19.2 

Cutter 5. Total Mass PVC 13.7 

Cutter ?3 Total Mass Si 1 ·1er 9.8 

Cutter 4 Resp i rab I e Mass PVC .9 

Cutter 24 Respirable Mass Si Iver 1.3 



I •• 

Packer 
Packer 
Packer 

·Packer 
Packer 
Packer 

;JOB 

Duster In Rubber 
Mlxl_ng Bui I dl_ng 

SAf.IPLE ii 

18 
19 
20 
17 
18 
19 
12 
12 

SAMPtiE TYPE 

Total Mass 
Total Mass 
Total Mass 
Fibers 
Fibers 
Fibers 
Total Mass 
Fibers 

s i Iver 
SI Iver 
'Si I vet 
Mil! I pore "AAH 
Ml 11 lpore "AA!' 
Ml I t ipt:>re "AA'' 
SI Iver 
MI 11 lpore 1~M1' · 

A laboratory analysis for free silica using the Talvltie Colol"imetrle 
Methodl showed airborne dust averaged bet1veen 2-3~ free s i 11 ca by 
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SUt.W.RY OF PERSONAL SAMPLE 

JOB 

Duster tn Mixing Bldg. 
Duster In Mixi_ng Bldg. 

Primary Ca lender 
Prim~ry Calender 

Wann-Up Mi 11 
Wann-Up Mi 11 

Hot Mil 1· 

Extruder 
Extruder 

Vulcanizer 
Vulcanizer 
Vulcanlzer 

Cutter 
Cutter 

Packer 
Packer 

Canton, Massachusetts 

Aprl I 26-27 & May l0-11, lit72 

II OF SAMPLES SAMPLE TYPE 

Total Mas:;. 
f lbers 

Total Mass 
fibers 

2 Total Mass 
I fibers 

Total Mass 

6 Total Mass 
3 ~espirable Mass 
9 Fl.bars 

2 Total Mass 
2 Resplrable Mass 
I F l.b'3rs 

2 Total Mass 
2 Resptrable Mass 

3 Total Mass 
3 fibers 

10 

' 1.1 

23.4 
. 6.9 

84.0 
4.7 

35.7 

48.3 
4.8 

11.~3 

141.4 
5.7 

19.2 

11. 7 
I . t 

62.5 
1.0 



.. .. 

SAMPLE 
ti 

Hi-VoZ 

I 
2 
3 
4 
5 
6 

Pe:risona'l 

·VMI 
'IM2 

TABLE 111 

GENERAL /\IR SAMPLE RESULTS 

Plymouth Rubber Company 

Canton, Massachusetts 

Apr-II 26··27 & May 10-11, 1972 

AREA SAMPLED 
GONCf.NTRATION 

Mg/MS 

By extruders 
Between extruders ;:!•1d storage racks 
Near vu I can i zer 
Where Pad;er bands 
Near sheet dust l ng i r1 m Ix i ng area 
Near Bambury mixBr 

Near the vulcanize•r 
Near the vulcanizer 

'1.'otai!, Duet Rssp_irnblr Dit8t 

22.7 
20.4 
17.6 
14.2 
5.7 
5. "1 

34.7 
1.3 

A laboratory analysis for free si I ica usin9 the Talvitie 
Colorimetric Method 1 showed airborne dust averaged between 
2-3% free si I lea by we_igilt. 
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