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INTRODUCTION

This report cantains the results of personal exposure and area sampling for airborne solvent
vapors conducted at a small prinung estahlishment during fwo penods, i August and in
September of 1995 Also included are the sampling methods, the exposure standards, ventilation
flow measurements, and some recommendations for follow-up work  Between the sampling
pentods, a local exhaust system was mstalled on two of the three operating presses  The system
supphed fresh make-up air to the press room through ceiling inlets added exclusively for use by
the fresh mr system An ar-to-air heat exchanger (Raydot, Incorporated, Cokato, MN) was
included to improve the energy efficiency of the system  In addition, a second fresh air system
was installed between sampling pertods i the office/reception area  The sampling data provided a
basis for evalnalmp the effectiveness of the fresh air systems 1 reducing personal exposure levels
to the airborne solvent vapors

PROCESS DESCRIPTION

For small presses, necessary press cleaning operations are camed out by hand by the press
operators periodically during a pnnting run, and between runs  The cleamng solvents are typically
a volatle muxture of several compounds, having potential adverse health effects  Although
substitution of solvents having Jower 1oxicaty has been helpful in reducmg over-exposures 1o the
arrborne solvent vapors, a need for improved control remains  Also, the usual anti-offset powder
was used at this Tacility The powder was automatically sprayed on to the back of each printed
sheet as 1t gjected from the final roller in the press to prevent wet ink from the previously printed
sheet from contacting the back of the ejected sheet This dust 1s very fine, non-toxc, and escapes
from the presses to settle on top of all exposed surfaces i the press room

CONTROL PRINCIPLES

QOccupational exposure can be controlled by the apphcation of a number of well-known principles,
mncluding engineering measures, work practices, personal protection, and memtoring These
principles may be applied at or near the hazard source or at the point of occupational exposure to
mdividuals Canirols appled at the source of the hazard, including matenal substitution, process
or equipment modification, 1selation or automation, local ventilation, and work practices are
generally the preferred and most effective in terms of both occupational and environmental
concerns Controls which may be applied 1o airborng hazards that have escaped mto the
workplace enviranment melude dilution ventilation, dust suppression, and housekeeping Control
measures can also be applied near individual workers



VENTILATION SYSTEMS

The facibity had two HVAC gystems in operation during our visits  One supplied only the
reception/copy area and the offices The other supphed the press room and the storage area
There was a very shight negative relative pressure sn the press room, resulting in a shght flow of
air into the press room from the reception/copy area through the two connecting swingmg doors

Also, between our visits, two fresh awr supply systems were installed 1n the pninting facility to
contro} arrborne cleamng solvent vapors and anti-offset powder One was mstalled to supply the
recephion/copy and office areas, and the other was mstalled tn the press room and storage areas
Two of the three presses i the single press room (Figure 1) were provided with local exhaust
mlets, shown in the attached pholo  An air-to-air heat exchanger was nstalled 1n the fresh air
system (Figure 2) for energy economy  Figure 2 15 a diagram of the air flow for the press room
fresh awr system Fresh make-up aw was provided through four celling outlets, as shown in the
diagram (Figure 3) This ficsh air system exhausted a total of 870 cfm from the two local exhaust
inlets and supplied 940 ¢fin to four ceilling outlets

Observations of air flow patterns were made wath the local exhaust system in operation, using a
smoke release method  Aar [rom the roller tramn and from the paper delivery area flowed to the
exhaust 1nlet, indicaling that both solvents applied to the press and the antr-offset powder should
be capiured by the local exhaust system

SOLVENT EXPOSURE RESULTS: AIRBORNE AND SKIN
CONTACT

Charcoal Tube Data --

Full-shift, time-weighted-average personal and area sampling on charcoal tubes was carned out
for arborne solvent vapors for rwo days each before and after the fresh air systems were installed
Amalysis for isopropanol, methylene chlonde, acetone, and total hydrocarbons was conducted,
based on prehminary qualitative semple analysis by gas chromategraphy-mass spectrometry and
the listings of solvent composihon found on MSD sheets The results are griven n Tables 1 and
2 Definition of the exposure standards s given in Attachment 1 The sampling methods are
described in Attachment 2 The concentrations for acetone were below the limut of detection (<
0 2 ppm), so 1t was not included m the Tables or Figures

Emplovyees are exposed to several solvent vapors simultancously, and these vapors have some
adverse health effects in common  Therefore, cumulative exposure levels were caleulated by the
method given m Appendix 2, and are shawn in bar charts (Figures 4-11), as well as levels for the
mdividual species For purposes of cstimating cumulative exposures only, the PEL for narcotic
effects for methylene chlonde was approximaied as 200 ppm, based upon statements found 1n the



toxicological hiterature [Federal Regster, 29 CFR Parts 1910, 1915 and 1526, Occupational
Exposure to Methylene Chlonide, Proposed Rule, 36 (216) 57080-57081, 1991] The honzontal
bar charts of cumulative exposures {[igures 4-11) show that before the fresh air supply was
added, all three of the personal exposure samples for the press operators were about 35-45% of
the Permissible Exposure Limut {PEL} Alier the addition of a fresh air supply, exposures were
18-37% of the PEL The average percent reduction in cumulative concentration for the press
operators was 47 +/- 10 {95% confidence limit) Using the two sampling pomnts 1n the area of the
presses, the cumulative solvent canceniration decreased by 67 +/- 5 %

However, after installation of the fresh air system, the average concentration of methylene
chlonde for the press aperators increased by 43 +/~ 28 % For the press area samples, the average
methylene chlonde concentration decreased by 37 +/- 10 % as a result of the addition of fresh air
The NIOSH action level for methylens chloride 1s 12 5 ppm Tables 1 and 2 show that before
mstallaticn of the fresh air system, no samples were at or above the Action Level After
mnstallation of the fresh air sysicm, 2 samples for the press operators were at the 12 S ppm Action
Leavel, and one sample was between lhe Action Level and the PEL In view of the substantial
reductions in the concentration of all other solvent vapors as a result of the addition of the fresh
air systenn, 1t 18 surpnsing that the methylene chionde concentration for the press operators
mncreased Tt may be that the unexpectedly high concentrations of methylene chionde occurred
when the blanket wash squeeze bottles were bemng refilled  The solvent contaming methylene
chlonde (blanket wash) was dispcnsed into one-quart squeeze bottles from a 55-gallon drum,
which was located away from a lacal exhaust inlet A blanket wash squeeze bottle was refilled at
least once each day on Sceptember 14-15, possibly a second tine at the end of the day on the 15th
Dhfferences in air flow pattems where the bottles were filled, or vanations in work practices or
work load could account for the additional exposures, in spite of the generally lower
concentrations of sclvenl vapor after (he addition of the fresh air system

Real-Tume Vapor and Dust Concentrations --

Frgures 12 and 13 show the time dependence ol the concentration of total organic compounds
(TOC’5) and carbon dioxide (CO,) m the press room  I'his data was collected with a Bruel &
Kjar Mulii-gas Momtor Type 1302 (Bruel & Kjzr, Gas Products Division, Merum, Denmark)
Beth the CO, and TOC concentratinns arce relatively ligh during the day, when people are in the
building and printing 18 in progress, and relatively low at mght The data show an 83% decrease
m the level of TOC's, and a reduction of above-background CO, of 82% in the press room as a
result of the installation of the fresh air system

The quantity of TOC indicated by the Mulo-gas Momtor 1s related to the sum of the
concentrations of organic compounds  The instrument does not distinguush between two or more
compounds which mmght have very diterent healih effects Therefore, the mdicated TOC levels
reflect the combined concentration of orgamc compeunds i unknown proportions, and they
cannct be compared 10 any health standards



The CO, levels indicated by the Multi-gas Montar are well below 5000 ppm, the hazardous level
established by OSITA, NIOSH and ACGIEl The background level m the atmosphere 15 350-400
ppm, and the American Scciety of Heating, Refngeration and Air-condiioming Engineers
recommends mawntaimng the CO, concentration below 1000 ppm 1 occupied spaces The
indicated CO, congentrations are thus acceprable according to known standards

Cleaning solvents were applied from one quart capacity squeeze bottles  Solvent usage was
determined by measurement of the level of the liquid 1n the bottles However, these usage
measurements were taken enly on the two days after control mstallation  On September 14, the
total solvent usage volume was | 42 hiers, and on September 15, 1t was 1 12 liters, 79% of the
previous day's usage The average cumulative concentration of the arrbome solvent vapors
determined by persenal sampling of the press opcrators on the 15th was 127 +/- 21 % of the
cancentration on the 14th, just the opposite of the expected resuft  This surpnising disagreement
could possibly be explained by varrations in work practices

Skin Contact with Solvents --

Skin contact with solvents can cause dermautis, and some solvents can be absorbed through the
skin Press operators should wear mipermeable gloves when performing cleaning operations
Solvent manufacturers can suggest appropriate glove matenials (on the Material Safety Data
Sheets) Mcthylene chloride and some of the other hydrocarbons can be absorbed through the
slan to a significant extent, 1n addition to the arrborne route of exposure  Therefore, press
operators may have hgher solvent exposures than indicated by the results of our arrborne
sampling [n arder ta evaluate the total absorbed from these multiple exposure routes, biological
sampling of the employee's blood, urme or expred air 1s necessary  The primary concern n this
study was the wirborne expasure route, since the sk absorption route can be controlled through
the use of gloves, so liological sampling was not conducted  If glove weanng cannot be assured,
it would be nccessary to carry cut biclogical sampling of the press operators to see if the
additional abserption through skin contact resulted o a health hazard



ANTI-OFFSET DUST RESULTS

The anti-offset dust uscd by the presses 15 a nuisance in the printing facility, because 1t 18 carmed in
the air and settles on surfaces throughout The dust has a vegetable composition with no known
health hazards Real-fime momtonng of the dust concentration was conducted before and after
mnstallation of the fresh arr system using a DataRAM (MIE, Inc , Billenca, Massachusetis} with an
ommdirechonal sampling mlet located 1 5 m (60 inches) above the floor adjacent to the presses
The data are shown in Figures 14 and 15 The DataR AM respands to particles having a diameter
between 0 1 and 10m  Peak dust concentrations before installation were near 0 8 mg/n?’,
average concentration argund 0 22 mg/m’ duning working hours  After installation of the fresh
air system, the dust concentration peaked at 0 4 mg/m® with an average of about 0 07 mg/m*

The percent reduction 1n dust concentration was about 67% These dust concentrations are well
below the OSHA PEL of 3 mu/m’ for respirable nuisance dusts

RECOMMENDATIONS

If effective substitules can be found, replace solvents that contain methylene chlonde with ones
that are free of it Be sure that the replacement solvents ¢ontam no potentially carcinogenuc or
otherwise highly toxac components {avord benzene, for example)

Since press operator C tended to have higher cxposure levels than the other operators, and
operator C's press was the cne without a local exhaust inlet, 1t would hikely be good practice to
add an exhaust takeoff to C’s press

The following suggeshions affect the maintenance and eflictency of the ventilation control systems
discussed above The duct work should be smooth on the inside and have a circular cross-
section  This muninuzes dusi accumulation i the ductwork, and resistance to air flow  Also,
round, smooth duct withstands larger negative pressures, will support a larger buddup of dirt
insile the duct, and can be cleaned, 10 contrast to most fiexible, corrugated, or rectangular duct
The duct shauld be sized 1o maintaimn at least 3000 feet per minute air velocity m the duct te
prevent setthing and accumulation of the anti-offset powder inside honzontal duct runs - Assuming
a 420 cfim exhaust flow as measurcd an Press 2, the associated branch of the duct work should be
4 inches by 5 mches if rectangular, and 5 inches 1n diameter 1f round, in order to mamntamn the
above menucncd mmmum arr velooty There should be a dust filter at the inlet to the fresh air
system to protect the air-to-ar heat exchanger from degradation caused by dust accomulation
The use of an electrostatic precipitator at this point mught be an effective substitute, and would
have less air resistance than a filler  [f not removed before 1t enters the fresh air system, the anti-
offset powder can bulld up quickly in the finc passages of the heat exchanger, resulting in a
recurrent manienance problem



CONCLUSIONS

The mstallation of a local exhaust system on iwo of three presses, with fresh make-up air, has
reduced solvent vapor exposures to the press cperators by 47 % Ongmally, all of the press
operator’s cumulative exposures were between the Action Level and half of the Action Level
After installation of the controls, all but cne of the cumulative exposures were less than half of the
Action fevel 1t1s not clear why the press operator exposures to methylene chlonde were greater
afier control installabion than they were before, especially since the area concentrations of
methylene chionde in the press room were lower after control installation  Squint bottle refillmp
may be the source of the increased methylene chlonde exposures  The anti-offset dust
concentration has alse been reduced by 50-67% The long-term effectiveness of the system
depends 1n part on maintenance considerations covered in the recommendations

Funally, the agplication of local exhaust controls to offset hthographic presses is a pronusing
approach ta reducing aichorne cleaning solvent and anti-offset powder emussions, and should lead
to acceptable worker exposures when used with complimentary conirol measures, such as
mpermeable gloves and avoidance of potentially caremogenic solvents

Table 1 Charcoal Tube Samphing Results, Concentration in ppm,
Express Service Printing.

Isopropy! Alcohal Methylene Chlonde | Other Hytdrm:zlrlmns“lI
Date 10- { 11- [ 14- | 15- F 10~ [11-{ 14- | 15- ] 10- | 11- | 14- | 15
WORKER/AREA |} Aug | Aug Sep | Sep| Aug |Aug | Sep | Sep ﬂj&_ﬁ.ug SEP_EEE
Customer Service A 8 35 1 1 2 |2 0 8] o g 2 2
Press Op A B[ 116 | 19 | 24 5 | 8 g 7 129 |24 ]| 8 i]
Press Op B 3 [ 101 | 29 | 18 5] 7 12 112120 ]22 |12 9
Press Op C 36 1108 | 49 | 25 F 11 | 9 | 16 9 27 | 24 | 17 | 11
Customer Service B| 8 39 z 1 2 |1 0 c Jio | & 2 2
Phatocopy 7 27 1 1 2 |1 0 0 7 7 2 1
Receplion B 25 1 1 2 |1 0 0 B 7 2 2
Cfiice 7 23 4 0 2 |3 ] 0 B 7 2 2
Press, central ML ?7 |16 |14 7 | S| 4 5 F19 |23 [ v 8
Press, edge 24 1 76 [ 10| & 65 | 5] 3 2 19|22 | 5 a
Qutdoors 0 10 0 o 0 Q 0 a 2 3 2 1
PEL 400 500
TLY 400 50
v REL 400 - !




Table 2 Summary of area and personal sampling data,
Express Service Frinting.

' Before ] After q
Dale 10-Aug 11-Aug 14- 15-Sep

Worker/Area Cum*® | MeCI™ | Cum= | MeCl*™ | Cum.> | MeC** | Cum.* | MeCH*
ustomer Service Al 0 11 {07 011 O 08 QQ2 Q00 Qo2 0m
Press Op A 042 034 037 G 30 018 034 17 027
Press Op B 0 35 022 035 | 028 | 025 046 | 019 | o4 |
Press Op C 0 41 043 040 G 38 0 3ar 0 65 022 038
ustomer Service B| 013 D QB 011 004 403 001 002 001
r Photocopy 009 0oy 009 003 o2 0 oo J 02 01
Receplon 005 nQe J09 003 Q02 (oD Ly 0 00
Qifica 008 008 a3 003 003 000 002 g 0f
Press, ceniral 030 026 Q36 022 g13 018 014 020
Press, edyge 028 b22 {135 0 Q08 012 008 0 0%
Quidoors 002 o04ao a0l 0aQo Q02 0 00 0o 0 od
Lodpdaors Average D23 018 023 015 .4 013 (.17 4,09

Press
Overall |Cperators
Cumulatye Average Before 023 038
Cumulatiye Average After 010 023
MeCl Average Before 017 033
MeCl Averags Alter 016 n43

* Cum , Gumulative = Cumulatve concentration relatve to the PEL, using an eshmated narcotic hmit of 200
ppm for methylene chionde

* MeCl = Concentration of methylene chlonde relalive ta its carcinoganic mit of 23 ppm

% Reduction in the Overall cumulative concentration, 6% +/- & {§5% confidence it}

% Reductan in the cumulative concentration for the Press QOperators, 47 +/- 10

% Reducton in the Overall methylene chlonde caoncentratian, 42 +~ 20

% Increase 1n the methylene chlonde concentration for the Press Operators, 43 +/- 28



ATTACHMENT 1 - EXPOSURE STANDARDS

The term ume-weighted aveirage (TWA) 1s applied to an exposure which 15 averaged over the
duration of the sampling, typically for a full smit

TLVs - The Amencan Conference of Govermnental Industrial Hyglests (ACGIH) recommends exposure
limits for chenucal and physical agents  These limts are called Threshold Limut Values or TLVs and
are wadely recogmzed i the ficld of mdustrial hygiene  They are updated yearly as new information
becomes available

{Amencan Conference of Govermmental Industnial Hygienists  1993-1994 Threshold Fimit Values
Jor Chemucal Sulbstances and Physical Agents and Biological Exposure Indices  Cincinnati
ACGIH, 1993 )

(Amencan Conference of Governmental Industnial Hygienists  Amnual Reports of the Commuttees
on Threshold Linnt Values wud Brodoguicol Focposiee Indices Cincnnatt - ACGIH, 1994 )

PELs - The Occupational Safety and 1 1ealth Admuustration {OSHA) 15 the federal regulatory agency which
promulgates and enforces the legal limuts for exposures to chenucal and physical agents They are
called PELs, or Perrmssible Exposure Limuits  Few changes have been made m the PELs simce OSHA
was onginated in 1971, and they are nol generally considered to be the most pretective limts

(Awr Contammants, Code of Federal Regulations Title 29, Part 1910 1000 1993 )

RELs - The National 1nstitute for Occupational Safety and Health (NIOSH) 15 a federal research orgamzation
which recommends hmuts {or chemical and physical agents  They are calied Recommended Exposure
Lumts, or RELs, and are widely recogmzed in the field of industnal hygiene NIOSH's cntena for
establishing standards arc based on health effects and the most sensitive method available for
measuring contaninants, so RELs are often lower than ather hmits

(National lnstitute for Occupational Safety and Health  Pocket Guide to Chemical Hazards,
DHHS(NIOSH) Publication No 94-116 Cincinnatt NIOSH, 1994 )



ATTACHMENT 2 - PRINTING PROCESSES AND AIRBORNE
SAMPLING METHODS

Employees arc involved n sales, layout, duplication, bindery and press operations The primary
arrborne contamimants arc generated by press clean up operations of the plate, rollers and other
press companents of the three ollset hithographic presses  Also, normal press operation involves
some evaporalion of ink solvents and fountain solutions  Because of their proximaty, the press
operators could be cxpected to have the lighest exposures to these awborne emissions

Full-shift personal sampling for the cleanig solvents was conducted on 5 employees for all or
part of four days Also, area sampling was conducted a1 5 locations inside the building and one
outside  The results are shown in Tables | & 2 and wm Fipures 4 - 11 The personal samplhing was
discontinued dunng the employecs’ lunch break, and at other times when they left the building,
and resumed when they retumed The area sampling proceeded continuously throughout the day

Both the personal and the arca
sampling made use of the
sampling tram shown m the SAMPLING TRAIN
adjacent chagram The sampling
wnlets for the personal samphng
were located in the breathing
zone of the individuals, chpped
ta their collars  The collection S , Sampling
medum was coconut shell Flow-Limiting Inlegt
charcoal tubes (100 mg/50 mg) Onlice

The samphng rate was about 10
em’/min on August 10 & 11 and
about 25 em*/mun on September
14 & 15 The charcoal tubes were analyzed using gas chromatography for the following species
according to the NIOSH Manual of Analytical Methods 1300, 1400, 1550 and 1005 with
modifications  Isopropanol, methylene chlonde, acctone, and total hydrocarbons, respectively

Cha.r}:aal Tube

Additive expasurcs were calculated using the formula
C/L, +CJYL,~ = Additive Exposure,

where C 15 the measured exposure [or a specics and L 1s the corresponding exposure limit
Additive exposures greater than 1 @ are cansidercd overexposures

Tables 1 & 2 show the personal sampling results for the charcoal tube measurements The

additive exposures for both personal and area sampling are shown again n the bar charts, Figures
4 - 11 Note that the current exposure standards are given m the Tables  Also, the exposure

9



standards used for Total Flydrocarbons have not been defined, since 1t consists of an indefinite
muxture of various compounds  The standards appropnate for Stoddard Solvent were used as an
approximation, since Stoddard Solvent 1s also a mxture of compounds  The additive exposures
can therefore be considered as only an approximate indicator of potential narcotic effects

10
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Figure 12. ESP, Concentration vs Time, B & K Data, August10 & 11, 1995.
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