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The C.H. Dexter Division of the C.H. Dexter
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July 16, 1973

Philip J. Bierbaum

. John M. Dement

Mr. Jerry Baker, Plant Safety Director
Mr. Paul Murphy, Paper Manufacturing
Supervisor

To observe the manufacture of filtration
paper using small diameter glass fibers
and to take preliminary air samples in
these operations.,
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INTRODUCTION AND DCSCRIPTION OF THE PLANT

The Division of Field Studies and Clinical Investigations of the
National Institute for Occupational Safety and Health has underway an
"industrywide' study of the fibrous glass industry. Of particular interest
in this study are small diameter, potentially respirable fibers. |

On July 16, 1973, Philip Bierbuaum and John Dement conducted a walk-
through survey of the C.H. Dexter Division of the Dexter Corporation in
Windsor Locks, Connecticut. The major mrpose for this visit was to observe
the manufacture of filtration paper and thermal insulation material using
small diameter glass fibers, although a tour was mde of the entire facility.

Products of this facility are primarily industrial based papers of
many types. A few of the products for which the papers are made include
the following:

1, Meat casing paper
Home vacuum cleaner bags
Lint free wipers

Surgical drapes

Industrial oil and fuel filters

Activated carbon impregnated filters for water purification

Glass filter material for high efficiency air filters

Cryogenic insulation material

W o0 N A~ NN

Coffee and tea bag paper

10. Beer filters

In addition, this plant has facilities for manufacturing viscose
which is used in the paper operations.

This facility has been in continuous operation since 1767 with the
fibrous glass operations Beginning in 1956. A small amount of the fibrous
glass paper has crocidolite asbestos added, The asbestos using operation
began in approximately 1970. There are seven paper producing lines in
this facility, one of which is used part time for making fibrous glass
(3-1/2 - 4 days per week) and fibrous glass-asbestos papers (2-3 days per

year).
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The entire workforce of this facility is approximately 565 persons
with 350 of these persons being production workers. The plant operates on
a three-shift basis with most operations operating five days per week.

Employces of this facility are not members of any trade union.

MEDICAL, INDUSTRIAL HYGIENE, AND SAFETY RROGRAMS

This facility does not presently have inplant medical facilities. A
local general practitioner, Dr. John Kennedy, is retained as a consultant
and performs all physical examinaticns and is available for emergencies.

Pre-employment physical examinations are required of each employee.
In addition, persons who are to be employed in the asbestos operation are
given a chest x-ray and pulmonary function tests. Annual chest x-rays
and pulmonary function tests also are required of persons in the asbestos
operations. No annual examinations are required of the other employeecs;

- however, the company does have plans to initiate the chest x-ray and
pulronary function programs for those persons involved in the fibrous
glass operations,

All perscns in this facility recently have been given an audiometric
test. Annual tests are planned for those persons employed in noisy areas
(as determined by a recent noise study).

This facility presently has an excellent safety program which is
the responsibility of Mr. Jerry Baker, Plant SGfety Director, Mr., Baker
has formulated a complete safety information and training manual which
prescribes specific safety procedures for each department including the
responsibilities of both the employer as well as the employee., A "Safety
Steering Committee" meets monthly and inspections are carried out in
each production operation on a ﬁonthly basis.

Personal protection programs presently in force at this plant
include the use of demand type respirators in thosec operations involving
asbestos, safety glasses in selected areas and hearing protection in -
noisy areas. Although safety shoes are not required, the company has a
program to a2id in their purchase. Lockers and change rooms arc provided,

Workers engaged in the asbestos operations are furnished clothing changes.
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This facility docs not presently employ a full-time industrial
hygienist. Mr. Jerry Baker, in addition to his safety duties, handles
many of the industrial hygiene responsibilities. The Liberty Mutual
Insurance Company also serves as a consultant and conducts surveys
approximately once per year. In November 1972, Liberty Mutual took air
samples in the paper operations during the weighing and mixing of
crocidolite asbestos (results of survey attached). Due to the very high
counts, a respiratory protection program was immediately instigated in

this area.

DESCRIPTION OF THE PROCESSES*

Fibrous Glass Paper Operations

Fibrous glass papsr is made in this facility using essentially
conventional paper forming methods and machinery. In this operation,
beatermen first weigh and blend together various grades of fibrous glass
bulk fiber (see Table 2), fibrous glass rovings and cellulocse binder
(1 to 2 percent). These fibers arec mixed with water and the ph is

- adjusted to approximately 3.5 using hydrochleric acid.

After mixing for approximately 15 minutes in the primary beater, the
fiber batch is pumped into a storage tank equipped with a mechanical
agitator to further blend the fibers and keep them in suspension. From
this tank, the mix is pumped to the paper machine where fibers are
spread onto a paper forming conveyor and the excess water removed. The
paper is next taken over a number of steam heated drier rollers to remove
the remaining water, |

Filter paper used for cryogenic insulation receives no furtﬁer
treatment and is wound and taken to the finishing area where it is cut

to the proper dimensions and packaged for shipmentl

* Table 1 lists the raw materials used in the various processés at the facility.
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Fibrous glass paper from the driers, which is used for high
efficicency air filtration, is treated with an acrylic-type binder, using
toluenc as a solvent. The paper, treated with binder, is dried on another
set of steam drier rollers, wound and sent to the finishing area for

cutting and packaging.

Other Paper Operations

In addition to the one paper machine for making fibrous glass paper,
this fécility has six other machines for making the various other paper
products (cellulosebase) previously mentioned. The major types of
cellulose fibers which are used are kraft and hemp and each must undergo
further treatment prior to the paper forming process.

Hemp fiber arrives in bulk form in truck loads. The fiber is first
placed in a digester (sodium sulfite and caustic process) where the
cellulose fibers are liberated. From the digester, the fibers are sent
through a hydrapulper and cleaning screens to eliminate foreign material
and break up the fibers. The fibers are finally centrifuged, washed
and lapped in preparation for the paper making process, '

Kraft fiber also is received in bulk form. These fibers are not
digested as are the hemp fibers but undergo a similar series of mechanical
fibrillation and cleaning processes,

Paper is formed in this facility using fourdriner machines (with
modifications). In this process, the fiber is mixed with water (and
binders if necessary) and fed as a wet slurry onto a wire screen thus forming
a fibrous mat. The mat passes over a suction box where excess water is
rcmoved. The fiber mat is next transferred to a woven felt conveyor
where more wiater is removed. The paper next passes over steam heated
drier rollers to remove the remaining water and is wound and sent to the

finishing area for cutting and packaging.




Viscose Production

The major raw materials for the production of viscose are cellulose,
sodium hydroxide, carbon disulfide and water. Cellulose for this operation
is received in the form of sheets which have been prepared by the sulfite
process from soft woods. Carbon disulfide is received in drums and is
stored under water,

The first step in the production of viscose is a steeping (mercerizing)
process. In this facility, steeping is done by a batch method. The
cellulose sheets are placed on edge in a soaking tank approximately 20 feet
long by 5 feet wide by 3 feet deep. This scaking tank is divided into
four inch wide compartments by perforated plates which are mounted on a
track for pressing purposes. After this tank has been filled with cellulose
sheets, the steeping liquor,containing approximately 19 percent sodium
hydroxide,is run in at the bottom of the tank. The sheets are covered and
allowed to scak for approximately one hour. Following the steeping period,
a drain valve is opened and a hydraulic ram is advanced to press most of

the steeping liquor from the cellulose. At this point, the product is

- known as "alkali cellulose."

Following the steeping process, the alkali cellulose sheets are
shredded to séparate the fibers into a loose granular mass which contains
no residual lumps. The purpose of shredding is to provide uniform access
of the alkali cellulose to oxygen during the subsequent aging process
and to provide uniform access to carbon disulfide in the dissolving process.

Aging or depolymerization begins as soon as the alkalized cellulose
is exposed to oxygen in the air. This consists of oxidative cleavage of
the cellulose molecules to form smaller chains., - Aging follows the
shredding operation and is carried out in steel boxlike containers which
are stored for a prescribed time in a room at constant temperature.

Following aging, an operation known as xanthation takes place. Ip
this operation, a batch of alkali cellulose crumb is introduced into a
reactor vessel, a vacuuwt is applied and a prescribed amount of carbon

disulfide is drawn in., In this process, sodium cellulosc xanthate is
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formed. After the xanthation process, the crumb is reacted in caustic
to make viscose which is an orange colored viscous liquid. Most of the
viscose so produced is used in paper operations at this facility, with

small quantities being sold as a finished product.

Fibrous Glass Fiber Recovery

Due to the high cost of small diameter fibrous glass fibers, this
faci}ity has recently started an operatidn to recover those fibers from
paper scrap generated by the plant operations. In this operation, the
paper is fed by hand into a mechanical shredder which is located in an
enclosed room. After shredding, the paper is put into an oven where

the various organic binders are removed by the intense heat.

INSPECTION OF THE PLANT

Potential H=alth lazards

The major potential health hazards observed during this survey
were as follows:
1. Respiratory exposure to small diameter fibrous glass.

. Respiratory exposure to crocidolite asbestos.

Respiratory exposure to toluene in the binder application areas.

2

3

4. Respiratory exposure to ammonia in binder mixing area.
5. Respiratory exposure to carbon disulfide in the viscose

producing area.
6. Respiratory cxposure to formaldehyde in areas processing

wet-strength paper. _
7. Skin exposure to hydrochloric acid and sodium hydroxide in

various production areas of' the plant.
8. Excessive noise exposure in various areas of the facility.

.Heat stress in paper drying areas.



VENTILATION AND OTHER CONTROL MEASURES

Very little local exhaust ventilation is provided in this facility.
In the paper forming arcas, canopy hoods are provided over the steam
drier rollers to rcmove water vapor liberated during the drying process.
The area of binder and toluene solvent application is enclosed and
vented to the roof.

In the viscose producing operation, extreme care is exercised to
prevent worker exposure to carbon disulfide and to prevent related fire
hazards, Carbon disulfide is received in drums and stored under water.
The empty drums are filled with water and shipped from the facility by
the supplier. The carbon disulfide storage area is located in a remote
area approximately 25 yards from the closest building and is well marked
with warning signs.

Carbon disulfide from the storage area is pumped to the xanthation
tank through a well-grounded pumping system. The xanthation tank is
located in an enclosed, ventilated room. An air supplied respirator is
available for entering this rcom should a leak result.

In the fibrous glass fiber recovery area, the shredding machine
has been placed in an enclosed, ventilated room. A centrifugal fan is
used to ventilate this room, with the dispersed dust and fibers then being
vented to an inplant bag collector.

This facility has encountered both air and water pollution problenms.
Toluene vapors from the binder application areas are presently vented
directly to the atmosphere. Spent liquor from the paper sulfite
digestion tank is presently discharged into the Connecticut River. The
Company has plans to install a carbon absorbing system to collect the
toluene vapors and a spent sulfite liquor recovery system to produce
"molasses” from the spent: sulfite liquor which will be sold to

companies making animal feeds,

~ - S - ——— e oo
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HOUSCKEEPING

In general, housekeeping in this facility appears adequate. Powered
vacuum cleancrs are extensively used and the use of compressed air was not
noted during this visit. In the mixing areaz when crocidolite asbestos is
used, all equipment and floors are washed down with water immediately after
the asbestos is used.
| As in most paper operations, spots of water are common on the floor
of the mixing and forming areas of this facility.' However, the concrete

floors are acid etched so as to prevent a safety problem.

SURVEY PROCEDURES

The major portion of this visit was devoted to observing the various
plant operations. In addition, four air samples (3 personal and 1
stationary) were taken to determine airborne fibrous glass fiber exposures
by fiber counts using optical microscopy. These samples were collected
on Millipore Type AA 37mm membrane filters at a sampling rate of 2.0
liters/min. The sampling times varied in duration from approximately 16
minutes to $9 minutes.

Analysis of the collected samples for fiber concentration was done
by an optical count method similar to that used for asbestos.! Due to
the presence of very small diameter fibers, these counts were done with
an 0il immersion phase contrast objective at 1000X magnification. A
"Zeiss" positive phase contrast binocular microscope equipped with a
100X acromat oil immersion objective (NA = 1.40), 10X Huygenion eyepieces,
and a Zernike condenser {(NA = 0.90), was used for all fiber counts.
Fiber size distributions (léngth and diameter) also were determined for

each sample. Fiber concentrations are reported as fibers/ml.

RESULTS AND DISCUSSION

Results of the air samples for fiber count and fiber size

-

distribution are shown in Tables 3 through 6. The highest fiber concentration

observed was 44.1 fibers/ml from a personal sampler taken on a fiber
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beaterman during the addition of fibrous glass fibers for a single batch.
The next highest concentration of 12.6 fibers/ml also was obtained for a
fiber beaterman. A stationary sample in the fiber mixing area, taken
during fibrous glass addition to the mixing vat, showed a fiber concentration
of 8.9 fibers/ml. A personal sample on a worker cutting and finishing
the fiber rolls showed a concentration of 10.6 fibers/ml.

Although the respirability of airborne fibers is not clearly
understoocd, this characteristic is thought to be chiefly diameter dependent
and fibers greater than 10pm in dianmeter certainly have little chance of
deep pulmonary peneétration. Timbrell's? work suggests that the two major

mechanisms of fiber deposition in the upper airways (settlement under

gravity and inertial deposition) are chiefly dependent upon particle

free falling speed and fibers with densities less than 3,5 g/cm and less
than 3.5pm in diameter may escape deposition by tiese two mechanisms and
penetrate deeply into the lungs. Timbrell's work further suggests that
the limitation on the lengths of fibers which reach the deep pulmonary

air spaces is imposed by the nasal hairs and small diameters & the
respiratory bronchioles. Timbrell and Skidmore3 in a more recent
inhalation experiment with rats using fibrous glass 0.75-1.5 pm in diamcter
and lengths up to 100um, found a few fibersrup to 50um in length in the
lungs of rats sacrificed during exposure, although the bulk of all fibers
found were less than 20pm in length. :
Another study conducted by Gross, et al.,4 concerned itself with
fiber size distributions in the lungs of previous fibrous glass workers.
Postmorten examinations were made of lung sections of 20 fiber glass
workers who had been exposed to fibrous glass dust between 16 and 32 years.
In this study, approximately 95 percent of all fibers observed werc less
than approximately 40pm in length. Occasionally, fibers 50 to 60um in
length were observed. However, it must be pinted out that these size
distributions were made following the lung clearing process; therefore,

no statemcnt can be made regarding initial deposition of fibers,

T —————— e e oy et
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In contrast to the above quoted articles, Murphy5 reported a case of
acute pulmonary involvement following a short fibrous glass exposure. A
lower lobectomy was performed and careful patheclogical studies demonstrated
the prescnce of glass fibers up to 14 pym in diameter and 60 pm in length
in the terminal bronchioles. In addition, Balber® reports finding fibers
100 pm to 200.pm in length in the alveolar regions of asbestos workers at
autopsy.

As can be seen, considerable difference of opinionexists as to the

truec nature of a respirable fiber. For purposes of this discussion, based

‘'on the above cited studies, 'potentially' respirable glass fibers shall

be defined as those less than 3.5 j in diameter and less than 50 pm in
length. From Tables 3-6, it can be seen that approximately 76 to 97
percent of the airborne fibers in the mixing opzration énd 86 percent of
the airborne fibers in the cutting and finishing operetions satisfy this
criteria of respirability.

There is presently no data available relating human experience with
respirable glass fiber exposures of the magnitude found in these
operations. All human experience to date has been with fibers of nuch

7,8,9,10

larger size and at much lower concentrations and studies of

health effects on these workers hax produced essentially negative results.

11 and Friedrichs12

However, recent animal studies conducted by Stanton
have demonstrated that small diemeter fibrous glass is carcinogenic

vhen injected into the pleural cavity of rats.

CONCLUSIONS AND RECOMMLNDATIONS
From the observations made during this visit and the results of the

air samples taken, the following conclusions arc drawn and recomnendations

- for improvements made:

1. _Although only four air samples were token, it does appear
that possibly significant exposures to potentially respirable glass fibers
occur in the fiber handling operations. While no data presently exist to
indicate respiratory problems due to such exposures, it must be emphasized

that human experience with small diameter glass fibers is limited. Every
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effort should be directed toward keeping such glass fiber exposures at an
absolute minimum by the use of engineering controls and appropriate work
practices. This should include the instigation of a respiratory
protection program for persons in the fiber blending area. In addition,
consideration should be given to applying local exhaust véntilation at
the paper cutting and packaging arcas,

2. Due to the glass fiber exposures observed during this survey,
it appears prudent that a medical surveillance program be initiated for

persons in the fibrous glass operations. This program should be the

" same as that presently used for employees in the asbestos operations.

3. Air samples should be taken in the fibrous glass recovery area

to ascertain the effectiveness of control measures in this area.
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TABLE 1

‘Major Raw Materials

C.H. Dexter Division, Dexter Corporation
Windsor Locks, Connecticut

RAW MATERIAL RECEIVED
Fibrous Glass Fiber 50 1b. box
Crocidolite Asbestos 50 1b. bag
Hemp Fiber Bulk
Abbaca Fiber T Bulk
Hydrochloric Acid Drum
Muriatic Acid ' Drum
Viryon Fiber ' Bulk
Cotton Linders+ _ Bale
Cellulose ' ' -

Carbon Disuifide . Drum
Acryloid Binder (toluene solvent) Drum
Melamine-Formaldehyde Binder -Drum
Sodium Hydroxide Cl -
Sodium - Sulfite ' -
Ammonia ' Dxum

e Mt e

*Not presently used.
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TABLE 2

Fibrous Glass Fiber Diameters Used For Making Filtration

Paper and Cryogenic Insulation

C.H, Dexter Division
Dexter Corporation
Windsor Locks, Connecticut

Fiber Designation Median Fiber Diameter, pm
102 _ 0.20

104* | ' | 0.50

106* - . 0.75

108 . 1.6

110* , .. 2.6

*These fibers are the major categories which arc used in this facility.
The company further breaks these size categories into "X'', "Y' and "“Z"
~grades by their own quality and control checks from each fiber batch.

14
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TABLE 3

FIBROUS GLASS SAMPLE DATA

Sample Number: 1

Sample Type:

Personal

C.H. Dexter Division
- C.H, Dexter Cornoration
Windsor Locks, Connecticut
July 16, 1973

Operation: Fibrous Glass Paper, Fiber Blending
Job or Sample Location: peaterman
Number of Fields Counted: 55

Average Fibers Per Field:1.91

Air Volune, Liters: 32

Fiber Concentration, Fibers/Milliliter: 44,1

FIBER SJIZE DISTRIBUTION:

PERCENT OF FIBERS <

GIVEN DIAMETER AND LENGTH CATEGORIES

Fiber lercth

1.00um’ 5. 4ym 10.91m 21. 7w 30.7wn | 46, 1um

0.50um 3 39 - 61 : | .75 79 86
0,75’ 4% - 64 80 86 93
1.00um a2 66 82 88 96
_1.50umE 97
3.00um 97
3.80m:

3-8 97

Total Fibers. Sized: 05

15
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Fiber diameter

TABLE 4 )
FIBROUS GLASS SAMPLE DATA

C.H. Dexter Division
- C.H, Nexter Corporation
Windsor Locks, Conrecticut
July 16, 1973

Sample Number: 2
Sample Type: statjonary

Operation: pjper Glass Paper, Fiber Blending

Job or Sample Location: o prom Fiber Mixing Tank
Number of Ficlds Counted: 42

Average Fibers Per Field: 2.38
Air Volume, Liters: 193

Fiber Concentrztion, Fibers/Milliliter: 8.9

“FIBRER SIZE DISTRIBUTION: PERCENT CF FIBERS <

GIVEN DIAMETER AND LENGTH CATEGORIES

Fibexr length

r;lOOum

) : 5.4um 10.8ym 21.7m 30.7un | 46.1nnm

o.soem | 1 i | 20| 40 ¢ | - e 68 75

0.75pm 27 ¥ 60 '

1. Q0w : H 3 72

1.50pm 76

3.00um 76
_3.80un 76
N

_ Totﬁl Fibers Sized: 100

16
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" TABLE 5 ,
FIRROUS GLASS SAMPLE DATA

C.H. Dexter Division
C.H., Dexter Corporation
Windsor Locks, Connecticut
July 16, 1973

Sample Nunber: 3

Sample Type: ?ersonal

Operation: Fibrous Glass Paper, Fiber Blending
Job or Samplc Location: Beaterman

Number of Fields Counted: 33

Average Tibers Per Field: 3,03

Air Volume, Litcrs: 178

Fiber Concentration, Fibers/Milliliter: 37 ¢

FIBER SIZE DISTRIBUTIQN: PERCENT OF FIBERS <
GIVEN DIAMETER AND LENGTH CATEGORIES

Fiber lcngth

Fiber diameter

1.00pm 5. 4y 10.9jm 21.7ym 30,70 | 46, 1um
0.50um 1. | 31i-1 46 ;] 63 i s - 1 7a
0.75mm R T S I 69 75 81
1.0OuR : H 2 70 76 85
;.BOum: : = §f 72 78 . 87
3.00pw i - i 5 §' 87
3-80um . o » % : g7

Total Fibers Sized: 1gp

17




Fiber diameter .

.TABLE ¢

FIBROUS GLASS SAMPLLE DATA

C.H. Dexter Division
C.H. Dexter Corporation
Windsor Locks, Connecticut
July 16, 1973

Sample Nurber: 4

Sample Type: Personal

- Operation: Fibrous Glass Paper, Cutting and Winding

Job or Sample Location: Winder Operator
Number of Fields Counted: 43

Average Filbers Per Fleld: 2 327

Air Volure, Liters: 158

Fiber Concentration, Fibexs/Milliliter: jq ¢

FIBER SIZE DISTRIBUTION: PCLRCENT OF FIBLERS <
GIVER DIAMETER AND LENGTH CATEGORIES

Fiber length

1.00u= S.4ym 10.95m 21.7ym 30,71 46.1nm

o.50uw | 1 ;. | 180 27 : )} a4 P} a4 ] 40
0.75pm ] 19 35 © .| sz 0 5§ G 66
1.00um : 20 34 ;| s9 67 1 77
1.50um : ' : f 60 . 70 83
3.00um i . §; : 7% 86
3.80um - = - ¥ ;

e _ 5 86

Total Fibers Sized: 102

18
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' Deserivtion o

, ATTACHHENT
TQ: Mr. Ralph Hoyes

HAMDEN LOSS PREVENTION

INDUSTRIAL HYGIENE TABORA'TORY REPORT
: for

Dexter Corp., C. . Dexter & Sons Div,, Windsor Locks, Conn.
on

Asbestos in Air

11/29/72
Date

-

semple(s) received: 4 millipore samples for asbestos  in air,

Date semple{s) rec'd: 11/22/72 Date report rec'd: 11/20/72 Date report comvleted: 11/27/

Ferson svbmittiirng sarmle(s): Noyes
2 . ¥

. Method of Analycis: Phase~Contrast Miéroscope

Data and Reczulzes:

Sample ¥ - _ Location : Fibers/ml
1 0BZ - weighing out asbestos fibers and dumping them into
. beater 407
2 OBZ - weighing out asbestos fibers and dumping them into
“beater along with {ibrous glass 107
3 OBZ - during addicion of fibrous glass to lst beater load
' and weighing asbestes for 2nd becater load 4.2
4 0BZ - Following changing of lst beater load and while
weighing out and adding asbestos to 2nd lozd 2.0
*E:bxgﬁbhs S §§§\ \\\ﬂxﬁxskmu
Marion A. haup, Chemist
Y
Comments: )

Ceiling 11u1t of 10 f/cc is excecded and the TWA is 7.8 f£/cc in excess of the OSHA
perntissible limit, Lets kick this around, :

. ‘ W. R. LaRocque
' Director
Industrial Hygiene Training

jh
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