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Abstract

Graphic artists have potential exposures to solvents from using solvent-based markers and with the use of spray fixatives and adhesives. A health survey of 25 graphic artists and 33 non-artists at four locations disclosed an excessive prevalence of symptoms of narcosis and mucous membrane irritation among graphic artists. An industrial hygiene survey measured 8 hour time weighted average exposures to xylene associated with marker use in 15 of these artists as well as instantaneous and 15 minute exposures to acetone, 1,1,1-trichloroethane and n-hexane, solvents found in the spray fixatives and adhesives. Xylene exposures ranged from 0.006-0.54 ppm for marker users and 0.001 to 0.006 ppm for non-users.  Solvent exposures during spray applications peaked at 180 ppm for acetone, 240 ppm for 1,1,1-trichloroethane and 430 ppm for n-hexane. Graphic artists in the study who used solvent-containing aerosols uniformly used solvent-based markers. Excessive symptoms of narcosis and mucous membrane irritation were confined to that group of artists who did their spraying at their work tables; Symptom frequency among artists who applied spray fixatives and adhesives out of doors did not differ significantly from controls.

Introduction
Xylene-based markers were developed for use by graphic artists but are also available for non-commercial uses. From time to time lay articles have warned of acute or chronic health effects that might result from using these markers (American Family Physician, 30(6): 144, 1984; The Morning Call, Allentown, PA, 1/15/87; Art Hazards Newsletter, November, 1984). Graphic artists are employed in newspapers and add agencies to prepare sketches used in advertisements. Sketching is done with art markers that are usually xylene-based. Finished work is mounted for photography either with a spray adhesive or molten paraffin. The work may be further sprayed with a solvent-based fixative.  Acute symptoms associated with excessive exposure to solvents used by graphic artists may include symptoms of narcosis, such as headache, vertigo or tremor and mucous membrane irritation. Chronic exposure to xylene in experimental animals at high levels results in fetotoxic effects. Chronic exposure to n-hexane, a solvent found in spray adhesives, is associated with an increased risk of nerve damage. Very high acute exposure to 1,1,1-trichloroethane, a solvent used in spray fixatives and varnishes, is associated with cardiac arrhythmias and a risk of sudden death.

Graphic artists often work in office buildings with no special ventilation measures such as exhaust fans or fume hoods. Often artists work in one room devoted to their trade: exposures associated with group activities may increase exposure potential.  Because of concern with solvent exposure to graphic artists, some newspapers have spray work done in a fume hood. In others, spraying is done on a fire escape or outdoors porch. 

To better quantify the risk of solvent exposure to graphic artists as a basis for recommendations for special ventilation, a study has been completed that assesses both acute and chronic hazards associated with potential solvent exposures to these artists. In order to better determine the range of potential exposures, studies were conducted at three locations employing multiple graphic artists.

Methods
Study design

Three work sites that employed multiple graphic artists participated in this study. Site No. 1 is a large advertising agency that employs 8 graphic artists, all of whom use xylene markers.  They work in one area and all use spray fixatives or adhesives at their work location. Each of these artists use a spray adhesive containing 1,1,1-trichloroethane 1-4 times a day, spraying from 5-10 minutes per session for a maximum spray time per artist of 1 hour per day. A second adhesive containing n-hexane is used by each artist about 2-3 times a week for <1 minute per session. Spraying is done in the same room where the artists work: a 10’x15’x8’ general office room with one door, no windows and no local or wall exhaust with the only ventilation provided by a ceiling climate control system for heating and air conditioning. Materials are placed on the floor in the middle of the room and sprayed. Materials can range from 8 ½” x 11” to poster size and as may as 8 pieces may be sprayed at one time.  Seven of the artists participated in the survey. None of the controls work in this “war room”.  Ten controls at this site were questioned.

 Site No. 2 is a large urban newspaper that employs 7 graphic artists, all of whom use xylene-based markers and all of whom use spray adhesives and fixatives. A spray adhesive containing 1,1,1-trichloroethane is used on the average of 5 times a day by each artist, 10-30 seconds for each session. A spray fixative containing acetone and butyl alcohol is used on the average one time a day by each artists for 10-30 seconds at a time. All spraying is done by the artists at their desks in a 10’x20’x8’ general office room with no special provision for ventilation other than a ceiling climate control system for heating and air conditioning. Materials sprayed range from 4”x4” to 19”x24” and are sprayed while the article is held over a waste basket adjacent o each drafting table. All of the artists at this location participated in the survey. None of the controls at this location worked in this room. Six controls at this site were questioned.

Site No. 3 is a small town newspaper that employs 11 graphic artists,  3 of whom used xylene-based markers. Six used a spray adhesive or fixative routinely. The spray adhesive contained 1,1,1-trichloroethane and was used 1-5 times a day by users for 10-30 seconds per spraying. A spray fixative containing acetone and butyl alcohol was used 2-3 times a week for 10-30 seconds by spraying by each user. Four of the 5 worked in a large office with open-topped modules. Materials sprayed ranged from 4”x4” to 19”x 24”. Prior to 6 months before the survey spraying operations were conducted in a similar fashion to site No. 2. During the last 6 months the spray operations have been moved outdoors to a partially enclosed porch. Articles are laid down on the porch floor and sprayed. Each artist leaves the area immediately after spraying. Controls at this site were located in the same room as the artists and could, prior to 6 months ago, be situated within 6’-8’ of spraying operations. Seven controls at this site were questioned. 

A forth site, a small town newspaper that did not employ any graphic artists, was chosen as an external control for this study. The 9 workers at this site participated in the survey. Spray fixatives and adhesives were not used at this site. 

Industrial hygiene sampling

Real time measurements of solvents were taken at each spray location using a Mrian 1A Infrared Spectrophotometer (Foxboro). Calibrations were conducted for 1,1,1-trichoroethane, acetone and n-hexane using a 0.75 M path length for n-hexane (calibrated to 850 ppm) and 1,1,1-trichloroethane (calibrated to 550 ppm) and a 2.25 M path length for n-hexane (calibrated to 1600 ppm).  Detection limits using these short path lengths were 10 ppm for n-hexane and 1,1,1-trichoroethane and 25 ppm for acetone. Measurements were taken with 6” of each artists mouth during spray activities and then area exposure measurements were made in the same location at 1, 5 and 15 minutes after spraying had been completed. Xylene was sampled using 3M Organic Vapor Badges for periods ranging from 420-455 minutes. Sampling rate for these badges is 27.3 mL/min and is controlled by molecular diffusion. Organic vapors are absorbed on highly activated charcoal and are desorbed with carbon disulfide and quantified using a gas chromatograph equipped with a flame ionization detector and an area under the curve quantification approach (3M, Determination of Selected Organic Vapors in Air Using 3M 3500/3520 Organic Vapor Monitors, 2002). Badges were worn by 15 graphic artists and 12 controls.  

Questionnaires

Questionnaires were administered to a total of 25 graphic artists and 33 controls. Questionnaires (see appendix). Surveys were self-administered and, in 80% of respondents, verified by follow questioning by one of us (JSM). A standardized questionnaire concerning birth outcomes (see appendix) was administered to female respondents. A follow up questionnaire concerning use of aerosol sprays was administered 6 months after the initial survey (see appendix).

Results

Exposures

 Xylene levels (ppm) for marker users were found to be as follows:

Table 1

	
	Site 1
	Site 2
	Site 3
	Site 4 (external control site)

	marker users
	0.32 ± 0.33
	0.54 ± 0.19
	0.006 ± 0.005
	---

	controls
	0.006 ± 0.003
	none surveyed
	0.001 ± 0.001
	0.012 ± 0.017


During the industrial hygiene survey marker use ranged up to 210 minutes a day with ranges as follows:

Table 2

	
	Site 1
	Site 2
	Site 3

	marker use (minutes average ± sd)
	67 ± 25
	102 ± 70
	51 ± 26


Solvent levels (ppm) during spray applications were found to be as follows: 

Table 3: 1,1,1-trichloroethane

	
	During spraying
	after 1 min
	after 5 min
	after 15 min

	Site 1
	200-400
	---
	80-130
	40

	Site 2
	60-120
	10-20
	nd
	

	Site 3
	120
	nd
	
	


Table 4: n-hexane

	
	During spraying
	after 1 min
	after 5 min
	after 15 min

	Site 1
	360-430
	---
	140
	30


Table 5: acetone

	
	During spraying
	after 1 min
	after 5 min
	after 15 min

	Site 2
	180
	nd
	nd
	


Demographics

The demographics for artists and controls were similar as seen in the following table:

Table 6

	
	Graphic Artists
	Controls

	# surveyed
	25
	33

	% female
	52
	64

	Mean age
	33
	33

	Mos. of employment
	22.5 ± 21.6
	27.6 ± 30.2


Symptoms
Only symptoms that occurred at work were included in the analysis. Narcosis was defined as having one or more of the following symptoms:

headache

faintness

dizziness

giddiness

drunkenness

nausea

tremor 

confusion

Irritation was defined as having one or more of the following symptoms:

watery eyes

sore throat

nose irritation

The following symptoms were not considered to fall in either of the above categories and were chosen to represent symptoms not expected to be affected by solvent exposure (at least at levels <1000 ppm):

palpitations

back pain

Table 7: Symptoms by work site

	
	Artists
	Internal Controls
	Odds ratio

	Site 1
	
	
	

	# surveyed
	7
	13
	

	narcosis
	86%
	31%
	13.5 (p<0.05)

	irritation
	71%
	8%
	30 (p<0.05)

	narcosis or irritation
	86%
	31%
	13.5 (p<0.05)

	Site 2
	
	
	

	# surveyed
	7
	11
	

	narcosis
	71%
	45%
	3.0 ns

	irritation
	71%
	36%
	4.4 ns

	narcosis or irritation
	86%
	54%
	5.0 ns

	Site 3
	
	
	

	# surveyed
	11
	9
	

	narcosis
	45%
	44%
	1.0

	irritation
	18%
	11%
	1.8 ns

	narcosis or irritation
	45%
	55%
	0.7 ns


Overall symptoms for artists and all controls were distributed as follows:

Table 8

	Symptom
	Artists
	Controls 
	significant difference

	Narcosis
	64%
	39%
	ns

	Irritation
	48%
	18%
	p<0.05

	palpitations
	12%
	12%
	ns

	back pain
	24%
	24%
	ns


Since most artists that used xylene-based markers were also exposed to solvents during spray application of adhesives or fixatives, an attempt was made to separate the effects of xylene vs spray solvent exposures by dividing artists into those that used sprays for 15 or more minutes per day (high use) and those who used sprays <15 minutes a day (low spray use). This assessment was restricted to artists where there was an accurate history of marker and spray use: 5 artists were eliminated from this analysis because of missing use data. All of the remaining artists used xylene markers. One artist did not use sprays. Five artists only sprayed out of doors with a low documented solvent exposure during use. The remaining 14 artists used sprays in the room where they worked with only dilutional ventilation available to control exposures. Symptom prevalence was found to be as follows:

Table 9

	
	Low spray use
	high spray use
	controls

	# surveyed
	6
	14
	33

	narcosis
	50%
	86%
	39%

	irritation
	17%
	71%
	18%

	narcosis and/or irritation 
	50%
	93%
	45%


The significance of the prevalence of these symptoms was determined by using odds ratios. The following comparisons were noted:

Table 10

	
	Low spray  vs controls
	high spray vs. low spray
	high spray vs controls

	narcosis
	1.5 ns
	6.0 ns
	9.2 p<0.05

	irritation
	0.7 ns
	12.5 p<0.05
	11.2 p<0.05

	narcosis and/or irritation 
	1.2 ns
	13.0 p<0.05
	15.6 p<15.6


Fertility

Fertility was assessed in female participants by questionnaire with the results summarized as follows:

Table 11

	
	Artists
	Controls

	# married
	8
	10

	Years of marriage as artist/control
	40
	78

	Conceptions
	5
	11

	Conception rate (per 1000 years)
	125
	141 (OR 1.5, ns)


Discussion
Graphic artists are exposed to solvents during their work. Exposures noted during this study can be compared to Short Term Exposure Limits (STELs) published by the American Conference of Governmental Hygienists (2002 TLVs and BEIs. Threshold Limit Values for Chemical Substances and Physical Agents) as follows:

Table 12

	
	Peak Exposure (ppm)
	STEL (ppm)
	TLV (ppm)

	1,1,1-trichloroethane
	400
	450
	350

	acetone
	180
	750
	500

	n-hexane
	430
	---
	50

	Xylene
	<1
	150
	100


For most solvents the development of narcosis symptoms, and to a lesser extent, mucous membrane irritation, is a function of peak exposure: central nervous system effects can develop in seconds after high-level solvent exposures. Based on the industrial hygiene portion of this study, it would appear that exposures to solvents associated with spray applying fixatives and adhesives would be more likely culprits for work-related symptoms of narcosis and mucous membrane irritation. In experimental situations xylene exposure does not impair performance at exposures of 299 ppm for 70 minutes but decreases reaction times when exposure to 100 ppm is continued for 4 hours. Based on these findings ATSDR has set an acute MRL for xylene at 1 ppm (http://www.atsdr.cdc.gov). 

Graphic artists are almost uniformly exposed to solvents both from the use of xylene-based markers and spray fixatives. Because of this combined exposure, both usually occurring in the same location, it is not surprising that there would be a concern that use of these markers could result in symptoms of narcosis and mucous membrane irritation. When we looked at graphic artists who were exposed to solvents associated with use of spray aerosols to <15 minutes a day, the frequency of symptoms of narcosis and mucous membrane irritation did not differ significantly from that found in the control population as a whole. 

Xylene exposure has been associated with fetotoxicity with decreases in fetal weight gain. ATSDR has reviewed this data and was unable to determine whether the effects were secondary to maternal or direct fetal effects. No effects have been seen in rats when exposures were as high as 1612 ppm during gestational days 7-16 but limited to 6 hours per day while reduced fetal weight has been seen with continuous exposures to 350 ppm 

(http://www.atsdr.cdc.gov). Our study examined fertility among workers and did not find any effect of work place exposures to graphic artists on pregnancy rates. 

