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INTRODUCTION

This report contains the results of personal exposure and area sampling for airborne solvent
vapors conducted at a small printing estabhshment dunng two visits in May 1995 Also included
are the sampling methods, the exposure standards, ventilation flow measurements, and some
recommendations for follow-up wark Between the visits, a heat recovery ventilator (HRY)
contamng an air-to-air heat exchanger (United Air Specialists, Inc , Cincinnati, OH) was installed
to remove stale air and supply fresh dilution air to the two press rooms  The samphng data
provided a basis for evaluating the effectiveness of the HRV 1n reducing personal exposure levels
to the airborne selvent vapors

SOLVENT EXPOSURES: AIRBORNE AND SKIN CONTACT

Time-weighted average concentrations of airborne solvent vapors that the press operators were
exposed to are shown in Tables 1-6  Tables 3 and 5 cover the same operator  Employees are
exposed to scveral solvent vapors simultaneously, and these vapors have some adverse health
effects in common Therefore, additive levels are shown in bar charts, as well as levels for the
indrvidual species Because their concentrations were neglgible compared to the other solvents,
the contribution to the additive concentrations of 1,1,1 trichloroethane, toluene, ethyl benzene,
and cumene were not shown Defimeion of the exposure standards is given in Attachment 1, and
details of the caleularian of the addinive exposure levels can be found 1n Attachment 2

The horizontal bar charts of cumulative exposures and Table 8 show that before the fresh air
supply was added, six of eight personal exposure samples for the press operators were at or above
50 percent of the Permussible Exposure Lumt (PEL) After the additton of a fresh air supply, ne
exposures were above 30 percent of the PEL  These results are based upon the narcotic effects of
the salvents, which 15 the basis for the PELs for all the solvents except methylene chloride and
benzene For these two solvents, the PEL or proposed PEL 15 based upon their potential
carcinogenic effects  For purposes of esnmating additive exposures only, the PELs for narcotic
effects for methylene chlonde and benzene were approximated as 200 ppm, based upon
statements found i the toxacologeal hterature [Federal Register, 29 CFR Parts 1910, 1915 and
1926, Occupational Exposure to Methylene Chloride, Proposed Rule, 36 (216) 57080-57081,
1991, and Documentation of the Thresheld Limt Values and Biological Exposure Indices,
Benzene, ACGIH, 1921, p 113] These two compounds are not, m this case, large contnibutors
to the cumuylative PEL, so even maderate errors m estimating their narcotie PELs would have
little or na effect on our cenclusions

However, based upon the carcinageme potential of methylene chlonde, after installation of the
fresh air system, two samples for the press operators were still over the Recommended Exposure
Limut {REL) of 25 ppm, and one was between the REL and 50 percent of the REL  See
Attachment 2 for further details The NIOSH action level for methylene chlonde 1s 12 5 ppm

Tables 7 2nd 8 show cumulattve concentrations before and after control installation The average
cumulative concentration as deternuined by the area sampling was reduced by 58+11% (95%
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confidence interval) as a result of control tnstallation  The average cumulative concentration
determined from the personal sampling was reduced by 54+13% These concentrations were not
normalized for solvent usage rates, and day-to-day vanations are obviously large, so the
contribution of the contral to concentration reduction has sigmficant uncertainty

Skin contact with solvents can cause dermatitis, and some can be absorbed through the skin Press
operators should wear impermeable gloves when perforrung clearung operations Solvent
manufacturers can suggest appropriate glove matenals (on the Matenal Safety Data Sheets)
Methylene chlonde, toluene, xylene, ethyt benzene, and cumene, for example, can all be absorbed
through the skin to a sigmficant extent, m addition to the airborne route of exposure Therefore,
Ppress operators may have ligher solvent expesures than mdicated by the results of our airborne
sampling In order to evaluate the total absorbed from these multiple exposure routes, biologicat
sampling of the employee's blood, urine, or expired air 1s necessary The primary concern n ihus
study was the airborme exposure route, since the skin absorption route can be controlled through
the use of gloves, so lological sampling was not conducted If glove wearing cannot be assured,
it would be necessary to carry out inological samphng of the press operators to see if the
additional absorption through skin contact resulted 1o a health hazard

VENTILATION SYSTEMS

The facility had two HVAC systems that muxed and recirculated the air throughout the binldmg
They had no provisien for the introduction of outside awr  Three supply 1nlets (1, 2, and 3) fed by
an HVAC system provided 512 cfim total te the large press room  Two nlets (7 and 8) supphed
222 cfm total to the small press room The two return wnlets for these building HVAC systems
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were located in the hallway (I) and i an office, room L

The new fresh air system, which includes the air-to-air heat exchanger, supplied a total of 742 ¢fm
of fresh air, 427 ¢fm to the large press room, and 315 cfm to the small press room It removed a
total of about 716 cfm from the press areas, 406 cfm from the large press room, and 310 cfim
from the small press room 1In each of the press rooms, the fresh arr was adnutted from ceiling
outlets at one end of the room and removed from ceiling inlets at the other end of the room Ina
smoke release study, some of the smoke released 1n the press rooms tended to dnft stowly mto
adjacent areas of the blding

RECOMMENDATIONS

Although the addition of the fresh air system did reduce solvent vapor concentrations, sigmficant
further improvement can be made at littfe additional cost

The solvent concentration data shows a relatively umform distributton of solvent vapors
throughout the bullding The aim of the following modifications 15 to contan the solvent
emissions 1o the press rooms and prevent their spread throughout the bwlding  This will facibitate
the control of the airborne solvents and reduce the exposure of non-press personnel To begin,
the two press rooms should be maintained at a negative pressure with respect to other areas of the
building Thus can be accomplished, 1n part, by closing off the large openings between the press
rcoms and other areas with a combination of walls and/or doors  Second, the fresh ar system
ducting should be partially redone Please refer to the Diagram on the following page It should
still exhaust all of its air from the two press rooms, but the fresh makeup air should be routed nto
the return side of the two butlding HVAC systems, rather than directly into the two press rooms,
as 1t does currently The rate of flow through the supply alets for the HVAC systems w the two



DIAGRAM OF IMPROVED AIR FLOW ROUTING
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press rooms should be reduced to maintain a slight nepative pressure  These measures will ensure
that the makeup air for the press rooms will flow mto the rooms from adjacent areas of the
building, reducing the spread of arrborne material out of the press rooms Finally, by placing the
exhaust lets for the fresh air system as close as possible to the solvent emession sites on the
presses, the solvent concentrations i the press rooms can also be mummuzed On the small
presses, a single exhaust point near the paper deltvery point (see the photo) has been effective

On the large, two-color presses, an additional exhaust point near the roller train for the second
color would be necessary for pood control



If effective substitutes can be found, replace solvents that contain methylene chloride wath ones
that are free of it Be sure that the replacement solvents contain no potentially carcinogentc or
otherwise mghly toxic components {avoid benzene, for example)

The following suggeshions affect the mammtenance and efficency of the venulabon control systems
discussed above The ducts should be smooth on the inside and have a arcular cross-section

This minuiemzes dust accumulation in the duct and resistance to air flow  Also, round duct
withstands larger negative pressures, and can be cleaned, i contrast to most flexible, corrugated,
or rectangular duct The duct should be sized to maintain at [2ast 3000 feet per munute arr
velocity 1n the duct to prevent settling and accumulation of the anti-offset powder inside
honzontal duct runs  There should be a dust filter at the inlet to the fresh air system to protect the
air-to-air heat exchanger from degradation caused by dust accumulation  The use of an
electrostatic precipitator at this point nught also be effective  The anti-offset powder can
otherwise build up quickly, resulting 1 a recurrent mamtenance problem

If these recommended changes are made, emplovee exposures to solvents should be reduced
below levels currently considered or anticipated to be hazardous The nuwisance caused by anti-
offset dust from the printing operations settling throughout the buillding ¢an be largely avoided



TABLE 1

LARGE PRESS OPERATOR A
CONCENTRATION, ppm

Solvent 5/9795 5/10/95  5/23/95 572495  TLV REL PEL
Methylene Chlonde 196 362 31% 104 50 25 500
1,1,1 Trichloroethane 34 64 00 00 350 350 350
Toluene 02 02 01 01 50 100 100
Xylene 27 49 29 12 100 100 100
Ethy! Benzene 08 16 oo 04 100 100 100
Cumene 01 01 01 04 50 50 50
Tnmethyl Benzene 23 26 16 09 25 25 25
Other Hydrocarbons* 158 231 138 68 *100 *60 *500
Samphng Time, min 481 432 433 516 % S
* . Treated as Stoddard Solvent

TABLE 2

LARGE PRESS OTERATOR B

CONCENTRATION, ppm

Solvent 5/9/95 S/L0/95  5/23/95  5/24/95 TLV REL PEL
Methylene Chlornde 90 264 KN 104 50 25 500
1,1,1 Trichloroethane 21 01 00 00 350 350 350
Toluene 02 02 02 01 50 100 100
Xylene 19 37 13 09 100 100 100
Ethy! Benzene 06 12 04 02 100 160 100
Cumene 01 01 01 01 50 30 50
Tnmethyl Benzene 23 33 16 18 25 25 25
Other Hydrocarbons® 127 213 108 76 *100 *60 *500

Sampling Tirne, min 442 307 444 226
* . Treated as Stoddard Solvent




TABLE 3

LARGE PRESS OPERATOR C
CONCENTRATION, ppm

Solvent 5/23/95 5/24/95 TLV REL PEL
Methylene Chlande 173 21 50 25 500
1,1,1 Tnchlorocthane 00 0D 350 330 350
Toluene 01 01 50 100 100
Xylene 18 10 100 100 100
Ethy! Benzene 05 29 100 100 100
Cumene 01 00 50 30 50
Trimethyl Benzene 13 07 23 25 25
Other Hydrocarbons™® 110 53 *100 *50 *500

Sanipling Time, min 5077 531
* - Treated as Stoddard Solvent

TABLE 4
SMALL FRESS OPERATOR A

CONCENTRATION, ppm

Solvent 5/9/9%  SA0/05  5/23/95  5/24/95 TLV  REL PEL
Methylene Chlonde 433 539 342 42 50 25 500
1,11 Trichloroethane 0s 06 00 o0 350 350 350
Toluene 01 02 01 ao 50 100 100
Xylene 47 64 i3 07 100 100 100
Ethyl Benzene 16 20 10 02 100 100 100
Cumene 00 01 00 00 50 30 50
Trimethyl Benzene 13 16 06 03 25 25 25
Other Hydrocarbons* 187 254 13 8 26 *100  *60  *500
Sampling Time, wiin 491 488 464 134 SEERESEEEREEEER

* _ Treated as Stoddard Solvent




TABLE 5
SMALL PRESS OPERATOR B

Concentration, ppm

Solvent 5/9/95 TLV REL PEL
Methylene Chlonde 420 50 25 500
1.1.1 Trichloroethane 04 350 350 350
Toluene a2 50 100 100
Xylene 55 100 100 100
Ethyl Benzene 18 100 100 100
Cumene 01 50 50 50
Trimethyl Benzene 20 25 25 25
Total Hydrocarbons™® 32 *100 *60 *500

Sampling Time, min, 332
* _ Treated as Stoddard Solvent

TABLE 6
SMALL PRESS OPERATOR C
CONCENTRATION, ppm

Solvent 5/10/95 5723795 5/24/95 TLY REL PEL
Methylene Chlonde 362 225 132 50 25 500
1,1,1 Trichloroethane 74 00 D0 330 350 330
Toluene 02 01 00 30 100 100
Xylene 70 318 12 100 100 100
Ethyl Benzene 22 11 07 180 100 100
Cumene 01 00 00 50 30 50
Tnmethyl Benzene 19 05 04
Total Hydrocarbons® 253 141 R
Bampling Tne, un 474 453 495

* _ Treated as Stoddard Solvent




Table 7. Summary of area sampling data.

- Befare After 3
Date 8 10 23 24
Area Cumulative | MeCl | Cumulative| MeCl | Cumulative| MeCl [ Cumulative| MeC|
Large Press 024 {44 042 0 81 016 D38 008 011 :
Small Press 037 0.87 043 0.97 017 0 46 009 017 §
Reception 018 039 031 071 026 0.74 0 06 D.11 ]
Bindery 02 0.52 D32 068 D12 D38 008 019
Photo 022 042 039 11 014 03y 0CB 012
Supply 019 037 035 11 012 034 006 01 ]
Thnm * * * * Q21 0 56 Q1 015
023 ..Jos2 .37 0,50 DAz 046 .. .008 .14
Cumulative Average Before 030

Cumuiative Average After 0 12
MeCl Average Before
MeCl Average After

* = Data not collected

Cumulative = Cumulative concentration relative to the PEL., using 200 ppm for the PEL of
methylene chloride

MeCl = Concentration of methylene chioride relative to its carcinogenic PEL of 25 ppm

071
030

% Reduction in Cumulative cancentration, 58 +/- 11 {(95% confidence interval)
% Reduction in methyiene chloride concentration, 52 +/- 16 (85% confidence interval)



Table 8. Summary of personal sampling data.

Before After
Date g 10 23 24
Ares Cumulative) MeCl | Cumualative ] MeCl | Cumulative | MeCl |Cumulatve] MaC)
IPress Operator 1 038 0708 058 147 038 124 017 U4z
Press Operator 2 026 037 Q50 107 025 4,54 08 007
Press Operator 3 052 176 0 B7 239 0 36 1.39 ao7 017 3
Press Operator 4 059 170 . . 026 070 013 037
ress Operator 5 . * 059 147 03 {i 91 b19 D53
Auprage 044 116 0580, 155 D31, b Doy INENN 83
Cumulative Average Before 051
Cumulative Average After 022

MeCl Average Before
MeCl Averags After

* = Workar absent

139
064

Cumulative = Cumulatve concentration relative to the PEL, using 200 ppm for the PEL of methylena chloride
MeCl = Concentration of methylene chlorde relative to ts carcinogenic PEL of 25 ppm

% Reduction In Cumulatve concentration, 54 +/- 13 {85% confilence interval}
% Reduction in methylene chicnde concentration, 45 +/~ 22 (85% confidence interval)
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ATTACHMENT 1
EXPOSURE STANDARDS

The term sime-weighted average (TWA) 15 apphed to an expoesure whech ts averaged over the
duration of the samplhng, typically for a full shift

TLVs - The American Conference of Governmental Industnal Hygierusts (ACGIH) recommends
exposure hmts for chemacal and physical agents These hmits are called Threshold Lumit Values
or TLVs and are widely recogmzed in the field of industnat hygiene They are updated yearly as
new mformation becomes available

{Amencan Conference of Governmental Industrial Hyplenusts  {293- /994 Threshold Lom
Values for Chemucal Substances and Physteal Agents and Brological Exposure Indices
Cincimnati ACGIH, 1993 )

{Amenican Conference of Governmental Industnal Bygiemsts  Annual Reports of the Commritiees
on Threshold Limit Values and Biolagical Fxposure Indices Cincinnatt ACGIH, 1994 )

PELs - The Occupational Safety and Health Admunistration (SHA) 1s the federal regulatory agency
which promulgates and enforces the legal hmuts for exposures to chermeal and physical agents
They are called PELs, or Permissible Exposure Limuts  Few changes have been made in the PELs
since OSHA was onginated 1n 1971, and they are not generally considered to be the most
protective fumits

(A Contaminanty, Code of Federal Regulations Title 29, Pant 1910 1000 1993 )

EELs - The Naticnal Institute for Occupational Safety and Health (NIQOSH) 1s a federal research
orgamzation which recommends limts for chemucal and physical agents  They are calted
Recommended Exposure Limits, or RELs, and are widely recoguzed wn the field of industrial
hygiene NIOSH's critena for establishing standards are based on health effects and the most
sensitive method available for measuning contanunants, so RELs are often lower than other hnuts

(National Institute for Occupanonal Safety and Health  Pocket Guide 1o Chemical Hazards,
DHHS(NIOSH) Publication No 54-116 Cmamnati NIOSH, 1994 )
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ATTACHMENT 2
PRINTING PROCESSES AND AIRBORNE
SAMPLING METHODS

Employees are involved in sales, layout, duplication, bindery, and press operations The pnmary
arrborne contaminants are generated by press cleanup operations of the plate, rollers, and other
press components of the seven offset ithographic presses  Also, normal press operation mvolves
some evaporation of ink solvents and fountain solutions Because of their proxinuty, the press
operators could be expected to have the hughest exposures to these arrborne emissions

The sources of the airborne emissions of concern are likely the following products

Lithographic Press Wash, Econe Wash - Low Qdor {RBP Chemncal Corp )
Fast Dry Blanket and Roller Wash, #10-00860 (Rogersol, Inc )

Full-shift persomal sampling for solvents contained in these produocts was conducted on five
employees for all or part of four days  Also, area sampling was conducted at six

locations nside the building and one outside The results are shown in Tables 1-8 and in the
charts titled Concentrations Relative to the PEL  The personal samphng was discontinued during
the employees' lunch break, and at other times when they left the building, and resumed when they
returned The area sampling proceeded contenuously throughout the day

Both the personal and the area
samphng made use of the
samphng tram shown i the SAMPLING TRAIN
diagram The sampling inlets i sl Tubee
for the personal sampling were . -
located i the breathing zone of PUMF
the individuals, chpped to their
collars  The collection medium
was coconut shell charcoal
tubes (100 mg/50 mg) Aur for
charcoal tubes A and B entered
through wlet 2 at a rate of 10
em’/min  The charcoal tubes
were analyzed using gas chromatography for the following species according to the NIOSH
Manuat of Analynical Methods 1003 and 1065 with modificaniens  1,1,1-Tnchloroethane and
Methylene Chlonide Air for charcoal tube C entered through mlet 1 at a rate of 50 cm*/mun
These charcoal tubes were analyzed by gas chromatography using Methods 1301 and 1550 with
modifications for the following species  Toluene, Xylene, Ethyl Benzene, Cumene,
Trimethylbenzene and Total Hydrocarbons

In s ?L

Hi}\i-

| 1
L 1 Fuw [eding Gnncer
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Addiive exposures were calculated using the formula
C/L,+ CyL,+ = Additive Exposure,

where C 1s the measured exposure for a species and L 1s the corresponding exposure linut
Additive exposures greater than 1 0 are considered overexposures

Tables 1-6 show the personal samphing results for the charcoal tube measurements The additive
exposures for both personal and area sampling are shown in the bar charts, and 1in Tables 7 and 8
Note that the current exposure standards are given in the tables Also, the exposure standard
used to calculate the contribution to additive exposures for methylene chlonide was estimated,
based upon its narcotic effects A PEL of 200 ppm, and a TLV and REL of 100 ppm, established
to avoid 1ts narcotic effects, were used for the addutive exposures  The additive exposures can,
therefore, be considered as only an approsxamate indicator of potential narcotic effects

13
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