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PREFACE 

The Hazard Evaluations and Technical Assistance Branch of NIOSH conducts field 
invest igations of possible health hazards in the workplace. These 
investigations are conducted under the authority of Section 20 (a)(6) of the 
Occupational Safety and Health Act of 1970 , 29 U. S.C. 669(a)(6) which 
authorizes the Secretary of Health and Human Services, following a written 
request from any employer or authorized representative of employees , to 
determine whether any substance normally found in the place of employment has 
potentially toxic effects in such concentrations as used or found . 

The Hazard Evaluations and Technical Assistance Branch also provides, upon 
reauest, medical , nursing, and industrial hygiene technical and consultative 
assistance (TA) to Federal , state, and local agencies; labor; industry and 
other groups or individuals to control occupational health hazards and to 
prevent related trauma and disease. 

Mention of company names or products does not constitute endorsement by the 
National Institute for Occupational Safety and Health . 
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I. SUMMARY 

In October 1980 the National Institute for Occupational Safety and 
Health (NIOSH) received a request from Tahoe Designs, Tahoe City, 
California, formerly Pitkin County T-Shirts of Aspen, Colorado. The 
request asked that NIOSH evaluate the potential hazardous exposures to 
vinyl chloride, hydrogen chloride , formaldehyde, phthalates , benzene , 
hexane, styrene, and other chemicals which may be generated wher~ 
rubber ink 1 abel s are heat transferred onto garments. This operation 
is normally performed by one to three employees. Health complaints 
included couqh, chest tightness, sore throat, eye and nose irritation, 
and headaches which would last for days. 

Qualitative analysis of heated raw materials used in the transfer 
process indicated the presence of the above compounds and other 
ch1 oroa lkanes . 

Quantitative analysis of personal breathing zone and area air samples 
' 	 yielded concentrations below the d·etectable limits for vinyl chloride, 

hydrogen chloride, phthalates, hexane, styrene and formaldehyde. 
Benzene concentrations, however, were detected in four samp1 es ranging 
from 0.13 to 0.71 mg/M3; NIOSH recommends exposures for suspect human 
carcinogens be reduced to the lowest feasible limit. 

It was also determined that the existing ventilation system is adequate 
for the operation performed in the new location. The results of the 
medical questionnaire showed that all of the employees interviewed 
experienced some adverse heal th effects during busy periods in the o 1 d 
Aspen, Colorado, location, e.g. eye, nose, throat irritation, chest 
tightness, and headaches. However, the employees stated that in the 
new location these symptoms appear to have subsided. 

On the basis of the data obtained in this evaluation, NIOSH rleter
mined that exposure to the employees at the new work location were 
below the limits recommended for all the chemicals evaluated 
except benzene. Recommendations are included in Section VIII of 
this report to reduce and/or eliminate problems which may occur if 
the rate of production at the present 1ocati on should increase or 
problems similar to that which existed at the previous location 
should arise . 

KEYWORDS: SIC 2751 (Commerical Printing, Letterpress, and Screen), 
heat transfers, thermal degradation, printers, vinyl inks, vinyl 
chloride, hydrogen chloride, phthalates, benzene, hexane, styrene, 
forma1 dehyde. 
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II. INTRODUCTION 

In October 1980 the National Institute for Occupational Safety and 
Health (NIOSH) received a request from a representative of Tahoe 
Designs, Tahoe City, California, formerly Pitkin County T-Shirts of 
Aspen, Co 1orado. The request was to determine if there was a heal th 
hazard from exposures to vinyl chloride, hydrogen ch1ori de, formal de
hyde, phthalates, benzene and hexane which are used and/or by-products 
found in the process of transferring rubber ink labels onto garments. 
Prior to the NIOSH environmental surveys in April and June 1981, Pitkin 
County T-Shirts moved its Colorado location in January 1981 to Tahoe 
City, California, under the new name of Tahoe Designs. The results and 
recommendations presented in this report were given to the Company and 
employees when they became available. The Apri 1 results and recommen
dations were given during the June follow-up survey and June's sm::vey 
i nformation was given i n October 1981 by te l ephone. 

I I I. BACKGROUND 

Tahoe Designs is a reta i l store which sells clothing. One of the major 
.,features of this outlet i s their ability to produce, by way of heat 
transfer machines, vari ous design decals, letter decals, and numbering 
decals on garments. The store has a large variety of designs, numbers, 
and lettering styl es and these are available in singl e and multiple 
col ors. The heat transfer machines are approximately 18 inches wide by 
24 inches l ong by 24 inches high and are operated by one person while 
performing the heat transfer. The heat transfer process begins once a 
customer has selected a design, letter, or number and the garment. At 
this time the employee places the garment on the open surface bottom 
heating plate of the transfer machine. The design is then placed on 
the garment and the upper heating pl ate is drawn down into the bottom 
plate. The t i me requi red to heat the vi nyl decal (350° Fahrenheit) 
onto the garment ranges from 30 to 45 seconds depending on the complex
ity of the decal, color combinati ons, and the style of clothing. A 
1arge percentage of the garments wil 1 have a des i gn as well as a per
sonal name or a city and state placed on the garment, and normal ly over 
100 heat transfers will be made each day. This operation occurs daily, 
seven days a week, for 10- 12 hours per day, and normally there are 2-3 
employees in the store during this period. The new store has approxi
mately twice the area of the Colorado store and the transfer machines 
are located in the back area of the store. 

The present store has general room ventilation which helps reduce 
and/or eliminate any buildup of gases or vapors which are generated off 
the heat transfer operation . As described by the employees, the old 
store had no ventilation and, except for opening doors and windows 
during favorable weather, there was very little air change occurring 
indoors. This became a major problem during the colder months and the 
employees described days of heavy smoke buildup when business was 
normal. During these periods and even during times that were consid
ered slow the employee and customers would still complain of eye and 
nose irritation. The employees also described days and weeks where 
they experienced coughing, chest tightness and sore throats for ex
tended periods. These symptoms occurred at the old location during 
heavy sales periods and when they were unable to adequately ventilate 
the store. Since the operation has been in the new location, all of 
the employees feel that the smoke and irritation has been reduced 
substantially. 
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IV. ENVIRONMENTAL DESIGN AND METHODS 

A variety of sampling techniques were used to evaluate the suspected 
contaminants in the store. Personal and area samples were taken on 
each of the employees and at various locations around the heat transfer 
station. Bulk samples of the various types and colors of the decals 
were also submitted to the laboratory for analysis. The following is a 
description of the techniques used: 

A . Vi ny l C h 1 or i de 

Six vinyl chloride air samples were collected on organic vapor 
charcoal tubes using vacuum pumps to draw the air through the 
tubes. The pumps operated at 200 centimeters (cc) per minute and 
the samples were analyzed by NIOSH Method No. P&CAM 178 (modified). 

B. Hydrogen Chloride 

Six hydrogen chloride air samples were collected on silica gel 
tubes using vacuum pumps. The pumps operated at 200 cc per minute 
and the samples were analyzed by NIOSH Method No. P&CAM 310. 

C. Phthalates 

Si x dimethylphthalate and dioctylphthalate air samples were col
lected on glass fiber filters using vacuum pumps which operated at 
1.5 liters per minute (l.pm). The samples were analyzed by NIOSH 
Method S-40. 

D. Solvents 

A total of four benzene, styrene, and hexane air samples were col
l ected on charcoal tubes using vacuum pumps which operated at 200 
cc per minute. The samples were analyzed by NIOSH Method No. P&CAM 
127 (modified). 

E. Formaldehyde 

Four formaldehyde air samples were collected using impingers which 
contained one percent sodium disulphite. The air was drawn through 
the solution with vacuum pumps which operated at one 1iter per
minute (lpm) and these samples were analyzed by NIOSH Method No . 
P&CAM 127 (modifi ed) . 

F. Bulk Samples 

Decals of various color combinations were submitted to NIOSH labor
atory for analysis. The bulk was heated to 350° Fahrenheit (177° 
Centigrade), equal to that temperature used when adhering the decal 
onto the garment with the heat transfer machine. The volatile 
organics released were collected on a charcoal tube and analyzed by 
gas chromatography and then by mass spectrogram. 
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As the sample was heating, the effluent was tested with pH paper 
and found to be very acidic (pH = 1). Hydrogen chloride was sus
pected; therefore, a second test was run with a portion of the bulk 
material which was heated again in the micro tube furnace . The 
effluent was sampled through an impinger containing distilled water 
and analyzed by ion chromatography. 

V. EVALUATION CRITERIA AND TOXICOLOGY 

In this study numerous sources of environmental exposure criteria and 
existing research data were used to assess the worker's exposure to the 
suspected chemicals evaluated in the workplace at Tahoe Designs . 

The exposure limits to toxic chemicals are derived from existing human 
and animal data, as well as industrial experience, to which it.. is 
believed that nearly a11 workers may be exposed for an 8-10 hour day , 
40-hour work week, over a working lifetime with no adverse effects. 
However, due to variations in individual susceptibility, a small per
centage of workers may experience effects at levels at or below the 
recommended exposure 1imit; a smaller percentage may be more seriously 
affected by aggravation of a pre-existing condition or by development

' ~fan occupational illness. 

Except for formaldehyde which is presented below, the environmental and 
medical (toxicological) evaluation criteria used for this investigation 
are presented in Table 1. Recommended environmental limits and/or 
general information concerning each substance are listed, i.e., the 
source of the recommended 1imits; the present OSHA standard, and a 
brief description of the primary health effects known to date. 

Since aldehydes and hydrochloric acid were detected on the bulk samples 
analyzed and because of the recent health concerns regarding formalde
hyde, especially in conjunction with hydrochloric acid the following 
toxicology is presented. 

Formaldehyde -- The Occupational Safety and Health Administration 
(OSHA) standard is presently 4.5 mg/M3. However, recently NIOSH and 
the American Conference of Governmenta1 Industri a1 Hygienists (ACGI H) 
declared that formaldehyde should be considered a suspect carcinogen 
and unti 1 further research is performed to prove the contrary there 
should be no safe exposure level set. 

Formaldehyde is a colorless, flammable gas with a strong, pungent 
odor. The first signs or symptoms from exposure to formaldehyde at 
concentrations ranging from 0.1 to 5.0 parts per million (ppm) are 
burning of the eyes, tearing, and general irritation of the upper 
respiratory passages. Exposures of 10-20 ppm produces coughing, 
tightening in the chest, a sense of pressure in head, and palpitation 
of the heart. Exposures at 50-100 ppm and above can cause pulmonary 
edema, pneumonitis, or death. 

Dermatitis from formaldehyde exposure is a well recognized problem. 
After several days of exposure a worker may develop a sudden inflamma
tory reaction of the skin of the eyelids, face , neck, scrotum, and 
arms. Dermatitis may occur on fingers, back of hands, wrist, and 
forearms. Formaldehyde can also cause both dermal and respiratory 
allergic sensitization . 
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NIOSH recommends (Current Intelligence Bulletin 34: Formaldehyde: 
Evidence of Carcinogenicity, NIOSH Publication No. 81-111, April---r!J, 
1981) that formaldehyde be handled as a potential occupational carcino
gen. These recommendations are baseri on a Chemical Industry Institute 
of Toxicology (CIIT) study in which laboratory rats and mice exposed to 
formaldehyde vapor developed nasal cancers. This is supported by a New 
York University study where rats exposed to a mixture of formaldehyde 
and hydrochloric acid vapors developerl nasal cancers. Formaldehyde--iiaS 
also been shown to be a mutagen in several short- term laboratory 
studies. 

Since formaldehyde has induced a rare form of nasal cancer in hoth rats 
and mice, NIOSH recommends that it be handled in the workplace as a 
possible occupational carcinogen. Exposure levels should be maintained 
as low as possible. The OSHA standard of 3 ppm was established based 
on the irritant effects of formaldehyde and not on the carcinogenic 
potenti a 1 • 

VI. RESULTS ANO DISCUSSION 

A. Environmental 

Employee exposures to suspected airborne concentrations of benzene, 
styrene, hexane, vinyl chloride, hydrogen chloride, phthalates, and 
formaldehyde were evaluated. The following are the results and 
conclusions of NIOSH's evaluation. 

1. Benzene, Styrene, and Hexane 

The results received for benzene, styrene, and hexane are 
presented in Table 2. These samples were collected for the 
heat transfer operators and area samples adjacent to the trans
fer machine. Benzene levels ranged from 0.13 to 0.71 (four 
samples). The styrene and hexane results were all 
non-detectable for this sampling period. 

2. Vinyl Chloride, Phthalates, Hydrogen Chloride, and Formaldehyde 

The results for vinyl chloride, three personal and three area 
type samples, were all non-detectable. This was also true for 
the phthalate samples taken. That is, six samples were col
l ected for phthalate analysis, three on the operators and three 
area types, and each were below the analytical detection levels. 

Samp1 es were co 11 ected for hydrogen ch 1 ori de and forma 1 dehyde 
and these were all non-detectable. Again, below the level of 
analytical detection. Three personal samples were collected on 
the operators and three general room area type samples for 
hydrogen chloride. There were two personal samples and one 
area type sample collected for formaldehyde. 
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3. 	 Bulk Material Analysis 

When the bulk samples of the material used in this operation 
\vere analyzed a variety of compounds were generated off the 
material when heated at 375° Fahrenheit. The following is a 
description of the results of this analysis : 

a. 	 Chloride was detected by ion chromatography in the impinger 
solution . A blank water solution contained a trace of 
chloride and the sample contained about 25 ppm chloride , 
possibly from hydrogen chloride. 

b. 	 Both the generated charcoal sample and the tubing rinse 
from the oven were analyzed by GC/MS. Copies of the recon
structed chromatograms from these mass spectral analyses 
are presented in Appendix 1 and 2 with all identified peaks
labelled. The rinse contained mainly bis(2-ethyl hexyl) 
phthalate and a small amount of another phthalate, probably 
a butyl benzyl phtha1ate. Major peaks identified in the 
charcoal sample were benzene, 1-chlorobutane, butyl 
acetate, benzyl chloride, l-chloro-2 ethyl hexane, and 
numerous other chloroalkanes. Other compounds detected 
included toluene, benzal dehyde, styrene, a-methyl styrene, 
an 2-ethyl hexanol. Several compounds were not positively 
identified, since standards were not ava i lable. 

4. 	 Venti 1ation 

The ventilation system in this store is a general room type
ventilation system which is part of a shopping mall type venti 
1 ation system. The service maintenance operator of this facil 
ity stated that the overall ventilation system i s designed to 
provide 10-12 air changes per hour depending on the location of 
the store in the mall. The employees also use a circular table 
top fan which is positioned next to the heat transfer machine. 
They use this fan to reduce the heat and any fumes which may 
eQinate off the heat transfer process. 

The employees stated that the ventilation system in the present 
store provides sufficient air circul ation for personal comfort 
and that the air circulation in comparison to the previous
location is far superior. 

B. 	 Medical 

Each of the employees gave medical histories. The results showed 
that each experienced some adverse hea1th symptoms, e.g., cough,
chest tightness, sore throat , eye and nose irritation, and pro
longed headaches. All of the employees felt that the symptoms 
occurred at the old location during heavy production periods and 
during winter months when windows and doors were kept closed. Each 
felt that even though they were in the new location for only a few 
months the symptoms had subsided. 
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The medical data elicited from the employees does indicate that 
they had symptoms suggestive of exposure to each of the substances 
found in this process. 

Another important medical issue which should be mentioned for this 
industry as a whole is the concern regarding New York University's 
findings on exposure to the mixture of hydrochloric acid (hydrogen 
chloride) and formaldehyde. Again, as the toxicology describes, 
the formation of nasal cancers were present in their research when 
animal subjects v1ere exposed to these two chemical agents . 

It was also described that formaldehyde at low levels (0.1 to 5.0 
ppm or 0.12 to 6.0 mg/M3) can produce burning of the eyes and 
general irritation of the upper respiratory passages. Each of 
these symptoms, as we 11 as coughing and those symptoms described 
above, can be found with hydrogen chloride exposures. These 
symptoms were described by the employees while working at the old 
l ocation. It should, however, be emphasized that these symptoms 
also would be present with the other chemicals evaluated in this 
study. 

VII . CONCLUSIONS 

1. 	 Al l the air samples except those for benzene taken during the 
survey periods indicate that exposure levels to the by-products 
produced ·from the heat transfer process were below detectable 
l evels . 

2. 	 Due to t he move from the Col ora<:lo 1ocati on to the Tahoe City l oca
tion that occurred prior to NIOSH ' s investigation, it was impos
sible to determine those exposure levels that existed i n the past. 
However, the medical symptoms described by all the employees 
strongly suggest that a health hazard did exist at the Colorado 
store. 

3. 	 If conditions at the new store should develop that were similar to 
those at the previous store, e.g., buildup of smoke or health 
problems as descr i bed, steps should be taken to reduce and/or 
eliminate these problems . 

This would be especially necessary because of the health concerns 
regarding formaldehyde, hydrochloric acid, and benzene, which are 
by-products in this type of operation, and therefore potentially in 
this industry as a whole. 

VIII. RECOMMENDATIONS 

In view of the findings of NI OSH 's envi ronmenta 1 and medical study the 
following recommendations are made to provide a better work environment 
for 	the concerned employees: 

1. 	 If the· situations should reoccur that contributed to the smoke 
buildup or irritations as described, the following evaluation 
should be made: 
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a. 	 Determine if the heat transfer machine is working properly. 

b. 	 Determine if the ventilation system is working adequately. 

c. 	 Question if there has been a chemical compos ition change in the 
decals. 

d. 	 ls there additional heat transfer machines in the vJorkplace
and/or a significant increase in production. 

Each of these could significantly effect the breathing air in this 
environment. 

2. 	 If conditions in the future should exist which require a change in 
the ventilation system, that is, increased production or additional 
machines, the most cost efficient engineering system would be en
closure and/or local exhaust ventilation. 

Enclosure is basically confining as much of the operati on/rnachi ne 
or machines as possible in order to contain the vapors and fumes in 
one location . Once confined local exhaust ventilation, i.e., an 

,.. exhaust system which collects the smoke and exhausts as close to 
the point of generation should be installed (see Figures 1, 2, and 
3) • 

3. 	 It may be necessary, if large orders and/or during busy periods, 
e.g., weekends, holidays, or summer vacations, that additional 
industrial type fans or air exhaust systems as described above be 
considered. 

4. 	 If large bulk orders are performed, these garments should be 
allowed to air either outside or under an exhaust system as 
described above in order to reduce and/or eliminate the off gassing
from these large orders. 
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Substance 

Recommended 
Environmental 

LimitA 

TABLE 1 

' EVALUATION CRITERIA AND TOXICOLOGY 

Tahoe Designs 
Tahoe City, California 

Reference 
Source Primary Health Effects 

OSHA 
Standard 

Vinyl Chloride 

Hydrogen Chloride 

Phthalates 

Benzene 

Styrene 

Hexane 

(C) 2.5 mg/M3 

(C) 7. 0 mg/M3 

5.0 mg/M3 

(C) 3.0 mg/M3 

215 mg/M3 

180 mg/M3 

NIOSH 

ACGIHB 

ACGIH 

NIOSH 

ACGIH 

ACGIH 

Skin and eye irritation; central nervous system 
(CNS) depressant; lightheadedness; nausea, and 
hepatitis (liver) damage. Vinyl chloride is a 
human carcinogen. 

Inflammation, ulceration of nose, throat irritation; 
cough and choking; eye and skin irritation, and 
dermatitis. 

Irritation of nasal passages, upper respiratory; 
stomach irritation; potential sensitivity. 

Irritation to eyes, nose, respiratory system. 
giddy; headaches; nausea; blood changes, leukemia. 

Irritation of eyes and nose; drowsiness; weakness; 
unsteady gait; narcosis; dermatitis. 

Lightheadedness; narcosis, headaches; numbness; 
muscle weakness; irritation of eyes, nose; dermatitis; 
giddiness. 

2.5 mg/M3 

7.0 mg/M3 

5.0 mg/M3 

30.0 mg/M3 

430 mg/M3 

1800 mg/M3 

A All air concentrations are expressed as time-weighted average (TWA) 
designated (C) for Ceiling which should not be exceeded. 

B ACGIH = American Conference of Governmental Industrial Hygienists. 
mg/M3 =Approximate milligrams of substance per cubic meter of air. 
(C) =Ceili ng level which should not be exceeded. 

exposures for up to a 10 hour workday unless 
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TABLE 2 


SUMMARY OF PERSONAL AND AREA AIR SAMPLES FOR 

BENZENE, STYRENE, AND HEXANE 


Tahoe Designs 

Tahoe City, California 


June 1981 


Job/Area 
Description 

T~ansfer Operator 

Transfer Operator 

Sampling Time 
(minutes) 

360 

360 

Benzene 

0.38 

0.13 

mg/M3 
Styrene 

ND 

ND 

Hexane 

NO 

NO 

Left Side of Machine 360 0.71 ND NO 

Right Side 

EVALUATION 

of Machi

CRITERIA 	

ne 360 

(NIOSH) 
(OSHA) 

0.46 

3.0 (ACGIH) 
30.0 (OSHA) 

ND 

215 
430 

(ACGIH) 
(OSHA) 

ND 

180 
1800 

LABORATORY LIMIT OF 

ND = non-detectable 
mg = mil 1i grams 
mg/M3 =milligrams 

DETECTION 	

of substance per cubic meter 

0.001 mg 

of air 

0.01 mg 0. 01 mg 
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