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I. SUMMARY 

In April 1981, the National Institute for Occupational Safety and 
Health (NIOSH) received a request to evaluate adverse health effects 
reported by a worker during screen printing at Anchor Hocki ng 
Corporation, Chester, West Virginia. At the time of the study , one 
worker printed dinnerware decoration decals on onP semiautomated 
screen-printing press. 

NIOSH industrial hygiene and medical representatives interviewed the 
printer and conducted environmental sampling of her workplace on May 
12, 1981. While at work, symptoms consisted of frequent headaches, 
light headedness, eye tearing and redness, and throat irritation. 
Pronounced exhaustion and somnolence were reported in evenings after 
work. The severity of symptoms was considered by the worker to be 
directly related to the use of a specific lacquer product. 

Personal breathing zone samples for organic vapors were collected on 
activated charcoal through battery-powered sampling pumps operatin9 at 
50 cc/min. Acetone, isopropanol, methyl isobutyl ketone (MIBK), 
toluene, xylenes, and trimethylbenzenes were quantitated by gas
chromatography. The 8-hour time-weighted average (TWA) exposure to 
trimethylbenzene was 29 parts per mi11ion (ppm). The American 
Conference of Governmental Industrial Hygienists (ACGIH) recommends ~ 
threshold 	limit value (TLV) of 25 ppm. The exposure levels of Pach of 
the other contaminants were well below their individual evaluation 
criteria. When considering the combined health effect of all the 
hydrocarbon vapors, NlOSH found that the printer was exposed to levels 
1.5 times 	the reconmended limit. 

NIOSH has determined that a hazard from overexposure to screen-printing 
contaminants, primarily trimethylbP.nzenes, existed during the time of 
the NIOSH survey. 

Recommended quidelines for controlling this hazard are discussed in 
Section VIII of the re ort. 

KEYWORDS: 	 SIC 2750 (commercial printing), screen printing, 
silk-screening, screen printers, printing solvents, 
combined solvent exposures, trimethylbenzene, neurological 
effects, mucous membrane irritation. 
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II. INTRODUCTION 

In April 1981, NIOSH received a reauest for a health hazard evaluation 
from a worker at Anchor Hocking Corporation, Chester, West Virginia. 
She reauested that NIOSH evaluate the occurrence of headaches, light 
headedness, dizziness, exhaustion, and burning eyes, nose, and throat, 
that she was experiencing during screen printing. A NIOSH industrial 
hygienist and an occupational physician interviewed the printer and 
conducted an industrial hygiene survey of the printing room on May 12, 
1981. 

III. BACKGROUND 

Anchor Hocking manufactures ceramic dinnerware at their Chester, West 
Virginia plant. Much of the dinnerware is decorated with decals which 
are produced on large paper sheets by the screen printing process as 
depicted in Figure 1. 1 Generally the operation consists of (1) 
placing the sheet of material to be printed undPr the frame, (2) 
lowering the screen-image frame onto the sheet, (3) placing ink on the 
screen and spreading it with a saueegee, and (4) lifting the frame, 
removing the sheet, and placing it on a drying rack. 

One worker prints the decals on one semiautomated printing press in a 
room of about 4000 cubic feet. The printed sheets are placed on racks 
and left to dry in the work area. One day per week for six hours the 
printer uses a lacquer on the printing press to apply translucent 
pastel-colored strips over the printed decals. This specific process 
was reported by the worker to be associated most often with adverse 
health effects. No product information defining the constituents of 
the 1acauer was available at the plant during the NIOSH survey. 

IV. EVALUATION DESIGN AND METHODS 

High-volume air samples were collected during lacauer printing and 
during solvent cleaning of the screen and press at the end of the day. 
The samples were drawn on charcoal tubes at 500 cubic 
centimeters/minute (cc/min.) for five hours during printing and one 
hour during cleaning. Gas chromatography/mass spectrophotometry was 
usPd to identify organic vapors. 

Personal breathing zone samples for organic vapors were collected on 
activated charcoal through a battery-powered sampling pump operating at 
50 cc/min. The charcoal was desorbed with carbon disulfide and 
analyzed hy gas chromatoqraphy using NIOSH Method P&CAM 127. Toluene, 
xylene, isopropanol, methyl isobutyl ketone, and trimethylbenzene were 
auantitated. ThrPe consecutive samples were taken over a total of six 
hours. For the remaining two hours of her 8-hour shift the printer 
typically leave~ the printing room. Therefore, solvent exposure during 
that time was considered to be zero when determining 8-hour 
time-weighted averages. 

The medical officer interviewed the printer and two other workers in 
nearhy areas of the building. 



Page 3 - Health Hazard Evaluation Report No. 81-289 

V. EVALUATION CRITERIA 

Environmental evaluation criteria and the principle health effects of 
the substances evaluated in this study can be found in Table I. NIOSH 
recormiended exposure limits were used as the evaluation criteria. The 
current ACGIH recommended threshold limit value (TLV) was used to 
evaluate trimethylbenzene, for which NIOSH has not yet developed a 
rec0Jm1ended standard. 

When evaluating an exposure to substances, such as solvents, which 
affect the body in a similar fashion, their combined hygienic effect* 
should be given primary consideration. That is, if t~e sum of the 
following fractions, 

ex s. level(l) + ex s. level(2) + + ex s. level(n
eval. crit. l eval. crit. 2 eval. crit. n 

exceeds 1.0, then exposure to the mixture is considered excessive.2 

Trimethylbenzene, as corrrnonly used industrially, is primarily a mixture 
of the 1,2,4, and 1,3,5 isomers. The TLV refers to trimethylbenzene 
without specifying proportions of the isomers.2 

In a 1956 study by Battig,3 the inhalation of trimethylbenzene was 
associated with asthmatic bronchitis, anemia, and blood clotting 
abnormalities in a comparison between workers who had been exposed over 
a period of years to a 10-60 ppm hydrocarbon vapor containing over 80% 
trimethylbenzene and workers with similar exposure except for 
trimethylbenzene. The American Conference of Governmental Industrial 
Hygienist (ACGIH) recommended the TLV of 25 ppm for trimethylbenzene, 
primarily on the basis of that study. Very few other_experiences of 
human exposure to trimethylbenzene have been studied. Known central 
nervous system effects of trimethylbenzene are headache, fatigue, and 
drowsiness.4 High-level exposure of rats to trimethylbenzene 
produced lung, liver, and kidney damage.5 

VI. RESULTS 

Environmental 

Qualitative analysis of the large volume air samples showPd that 
acetone and various alkylbenzenes, mostly trimethylbenzenes, were the 
major hydrocarbon vapors generated during lacauer printing (using 
''Ceramic"Coat-Clear Yellow" manufactured by Degussa Corporation). 
During solvent cleaning (using "Stripping Solyent 8525'' manufactured by 
Neville Chemical Co.), mostly toluene, xylene, isopropanol, and methyl 
isobutyl ketone (MIBK) were generated. 

Hygienic Effect = exposure leve l 
evaluation criteria 

*
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Personal breathing zone concentrations of the printing contaminants are 
listed in Table II. The printPr was overexposed to trimethylbenzene 
which, at 29 ppm, represented the highest 8-hour TWA exposure of any of 
the contaminants and which also has the most stringent evaluation 
criterion of 25 ppm, resulting in a hygienic effect of 29/25 or 1.2. 
The total hygienic effect of the other hydrocarbons was 0.3, resulting 
in an overall hydrocarbon vapor concentration that was 1.5 times the 
reco!TITlended limit. 

There was no local exhaust ventilation for the printing press during 
the NIOSH survey. A fairly effective dilution ventilation system was 
available. This consisted of an exhaust fan located on the wall near 
the printing press. However, it was noted that the printer frequently 
dJd not operate the fan during printing because changes in pressroom 
air, particularly humidity, were detrimental to the auality of the 
printed decals. 

During printing the worker wore a 3M disposable Organic Vapor 
Respirator (Model 8712). The respirator appeared to be well-fitted and 
was replaced regularly as soon as solvent odors were detectable through 
the respirator . 

Medical 

The printer reported freauent headaches, eye tearing and redness, 
throat irritation, and lightheadedness while at work and a pronounced 
sense of exhaustion and somnolence in evenings after work. 
Lightheadedness clears after 10-15 minutes of breathing fresh air. The 
sense of exhaustion and somnolence continued for several hours, often 
resulting in her falling asleep at 6:30-7:00 PM. She thought the 
severity of these symptoms correlated with the amount of lacquer 
exposure. Workers in nearby locations reported noti09 strong solvent 
odors when they came in or near the printing area, but they were not 
aware of any health effects. 

VII. CONCLUSION 

The study showed that the scrP.en printer was exposed to a hydrocarbon 
mixture (40% of which was trimethylbenzene) at a concentration that was 
1.5 times the recormnended limit. The group of symptoms reported was 
consistent with repeated and prolonged overexposure to hydrocarbon 
solvents. In particular, the reported headaches, fatigue, and 
somnolence would be expected with overexposure to trimethylbenzene. 

VIII . RECOMME~OATIONS 

The present respirator program for the screen printer should be 
considered as interim protection . For practical reasons, sound 
engineering controls are always preferrahle to the potentially numerous 
mechanical and human shortcomings inherent with the use of personal 
protective devices. The following guidelines, particularly the simplP. 
and straightforward contaminant-isolation, should be used to reduce 
solvent vapors below harmful lP.vels . If, for some reason, these 
guidelines cannot be followed, it would be necessary to thoroughly 
investigate the respirator progra~ to dPtermine why adverse health 
effects stil 1 or.cur d1iring printing and then modify and enforce the 
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written standard operating procedures accordingly (e.g.selection of a 
full face-piece mask to prevent eye irritation). As one more 
thoroughly investigates the other precautions that should be followed 
when a worker must remain overexposed to solvents [i.e., (1) frequent 
environmental monitoring; (2) baseline, annual, and termination medical 
examinations including neurological assessment, biological monitoring, 
and pulmonary function testing before assigning a respirator; (3) 
labeling and posting of hazardous environments; and (4) increased 
recordkeeping), the following guidelines become more appealing: 

A. Contaminant Isolation 

Some organic vapor exposure occurs during printing as the volatile 
portion of the inks or lacQuers evaporate. However, in terms of 
surface area, the drying racks of numerous sheets of wet lacquer 
represent a far greater source of contamination. Drying racks should 
not remain in the work area after they are filled. Some commercial 
screen printing operations place their racks of wet printed material 
into "drying ovens 11 which are totally enclosed and exhausted to the 
outside. Another alternative would simply be to isolate the racks in 
the adjacent closed room (non-work area) and ti1en mdintdin thdt room 
air at a negative pressurP rPlative to the printing room. 

B. Local Exhaust Ventilation 

The present dilution ventilation system is not very useful since it is 
frequently not nperatP.d during printing. Local exhaust ventilation is 
capahle of more efficient contaminant control with the additional bonus 
of using much lower air volumes, thereby maintaining pressroom 
conditions of temper~ture and humidity that are more conducive to 
printing auality control . A canopy-type exhaust hood located above the 
press could effectively control printing contaminants~ Capture 
velocities of 100 feet pPr minute are generally considered acceptable 
for typical solvent vapors. In any case, "Industrial Ventilation - A 
Manual of Reconrnended Practice", published hy ACGIH6, should be 
consulted hefore designing local exhaust ventilation. 

C. Product Substitution 

Trimethylbenzene has recommended exposure limits that are lower than 
most hydrocarbons commonly found in screen printing processes. It may 
be feasible to substitute the lacquer with one that contains relatively
less toxic compounds. Current NIOSH, OSHA, and ACGIH criteria should 
be consulted before choosing a product. Of course, the necessary first 
step to this procedure is to insist that manufacturers furnish 
information defining the const1tuents of their products. Workers 
should also be kept apprised of this informat~on, including any 
relevent health data. 
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TABLE I 

EVALUATION CRITERIA FOR HAZARDOUS SUBSTANCES 


ANCHOR HOCKING CORPORATION 

CHESTER, WEST VIRGINIA 


RETA 81-299 


OSHA ACGIH NIOSH 
 PRINCIPLE 


CONl'AMI NP.NT PEIMISSIBLE EXPOSURE LIMIT THRESHOLD LIMIT VALUE RECOMMENDED STANDARD 
 HEALTH EFFF.cTS 


Toluene 200 ppm 100 ppm 100 ppm 
 fatigue, weakness, confusion, 
300 ppm, 10 111inute Ci!iling 150 ppm, 15 minute ceiling 200 ppm, 10 minute ceiling 
 euphoria, dizziness, headache, 
500 ppm, peak dilated pupils, lacrimation 

(watering of the eyes), nervous­
ness, muscular fatigue, insomnia, 
paresthesias (abnorma l sensations) 

Xylene 100 ppm 100 ppm 100 pplll irritating of the eyes, mucous 
150 ppm, 15 minute ceiling 200 ppm, 10 111inute ceiling membranes and skin; i n high con­

centrations dizziness, excite111ent, 
drowsiness, incoordination, stag­
gering gait, loss of appetite, 
nausea, vomiting , abdominal pai n . 

HlBK 100 ppm 100 ppm 50 ppm 
 dermatitis; irritation of the eyes, 
125 ppm, 15 minute ceiling 
 nose and throat; nausea i headache; 

in high concentrations drowsiness, 
weakness, dizziness , and s tagger­
ing gait. 

Acetone 1,000 ppm 1,000 ppm* 250 ppm irritation of the eyes, nose, 
throat, and skin; nausea ; headache; I 
in high concentrations drowsiness, 
weakness, dizziness, and staggering 
gait. 

I sopropanol 400 ppm 400 ppll 400 ppm 
 irritation of eyes, nose , and 
500 ppm, 15 minute ceiling 800 pp!11, 15 minute ceiling 
 throat; in high concentrations 

dizziness, drowsiness, and 
incoordination. 

Trimethyl Benzene 25 PPll 
 headache, fatigue, drowsiness, 
35 ppm, 15 minute ceiling 
 anemia, respiratory i rritation, 

asthmatic bronchitis. 

* Intended change to 750 ppm 
1000 ppm, 15 minute ceiling • 

........................................................................................................................................................................................................k_....
....~ 



TABLE II 


SCREEN PRINTER, PERSONAL-BREATHING ZONE CONCENTRATIONS 

OF ORGANIC VAPORS IN PARTS PER MILLION (ppm) 


AOCHOR HOCKING CORPORATION 

CHESTER, WEST VIRGINIA 


BETA 81-289 


SAMPLING TIME ACETONE ISOPROPANOL MIBK TOWENE ~ TRIME'n:IYLBENZENE 

7 : 00AM - 9 : 301\M 19 3 . 5 0 . 5 5.4 4.9 34 

'J: 101\M - 12 : 00 N()(>n 25 6. l o.e 9.5 7 . 4 47 

I~: JOl'M I : HJPM 8.7 45 5.7 40 38 3l 

l:JOl'M - J:JOPM (zero exposure 
assumed) 

COMBINED 
EXPOSURE RATIO 

8-Hour Time-Weighted Average 15 8.6 1.1 9.7 8.6 29 1.5 

Evaluation Criteria 250 400 so 100 100 25 1.0 
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