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I. Introduction 

A. Background 

In 1972, workers in a number of painting industry crafts, and theiz 

union leaders, became increasingly concerned with the possibility 

that important health hazards existed in their work. This appre­

hension was derived from a number of fragmentary experiences. 

For example, statistical data from the ?{orkrnen' s Compensation 

Board in New York indicated that the highest rate for serious 

accidents in that state was found among general painters and con-

sideration was given to the possibility that exposure to solvents 

and other neurotoxic chemicals in a "scaffold trade" was respon­

sible for this. Changing paint technology had resulted in the 

introduction in the prior decade of a wide variety of new paints, 

including epoxies, of incompletely appreciated and incompletely 

studied human toxicity, and dust exposures had become more 

varied and potentially more worrisome, e.g. sandblasting in metal 

painting and shipyard work and asbestos exposure in dry wall con­

struction. The latter industry had only begun after World War II,· 

and had rapidly expanded. 

The Executive Council of the International Brotherhood of Painters 

and Allied Trades consulted with scientists of our Laboratory, 

providing detailed descriptions of trade conditions and proffering 

their evaluation of potentially hazardous agents in their work. 

This review and evaluation was facilitated by the establishment 

of a special health hazard committee of the Brotherhood, by 
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its General President (Mr. S. Frank Raftery). 

Review of the scientific literature (Dr. Kingsley Kay) quickly 

revealed that changing paint technology had indeed resulted in 

the introduction of a very wide variety of new chemical exposures 

in the painting trades, some potentially quite serious. It further 

revealed that few if any studies had been undertaken to determine 

what the health effects might be under conditions of use of these 

materials in the construction industry, but that the projections 

of toxicity were based largely on toxicological evaluation includ­

ing animal studies. Further, it quickly became evident that it 

would be most difficult to predict what toxic effects might be 

present under trade conditions, since there were virtually no 

data concerning environmental levels, conditions and intensity of 

worker exposures, or recorded occupational disease effects. Pre­

liminary field examination of trade conditions made by Dr. Kay 

with Painters' Union groups showed that symptoms were common among 

men on the job and were, in some cases, potentially serious and 

that management personnel, too, had little information concerning 

possible health effects of materials that had been introduced and 

were then in use. 

Two areas of particular Painters' Union concern were looked at in 

somewhat more detail, by review with industry experts. First, 

inquiry revealed that vinyl chloride monomer could be present 

in "vinyl" paints; other monomers were unstudied. Second, con-

sultation with industry representatives indicated that the 

majority of spackle and taping compounds then widely used in the 
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painting and decorating industry (dry wall construction; taping, 

spackling in general painting, etc.) and that the use of these 

materials was associated with airborne concentrations of asbestos 

fibers sometimes well above :",sbestos Standard levels, Further dis­

cussions of the general problem were afforded by the invitation of 

the National Association of Paint and Coating ~Ianufacturers to Dr. 

I.J. Selikoff, to meet with their Board. It was there found that 

materials manufacturers were equally interested in determining 

whether or not there was potential health hazard with the use of 

particular materials, so that appropriate corrective measures 

could be considered. 

The scattered data were further critically considered with two 

other groups. A joint National Health }!~~~!'.~ Committee _ _ha_d been 

organized by the Painters' Union and employer groups, on the 

national scale. Discussions with the members of ~his Joint 

Committee were valuable. Similarly, consultation with ~IOSH, in­

cluding its then Director, Dr. Marcus M. Key, provided useful 

guidance. 

Thus, in 1973, information had been obtained from a variety of 

sources, scientific, labor, industry, government, that signifi­

cant health hazards might exist in the painting trades, that few 

data were available concerning such hazards, and that their evalu­

ation required careful study. 

B. Previous status of the problem 

It was something of a paradox to find a paucity of study of occu-

pational hazards in a trade involving a very large nw:i'cer of men, 
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using a wide variety of chemicals, some individually known to have 

important toxic potential, in a key industry-in our country. In 

particular, there had been few investigations in the past two 

decades, despite the significant changes in trade conditions 

during that time. 

1. Absence of recent investigations -- This was particularly dis­

advantageous in planning an investigation, since few guidelines 

were available regarding study design and focus. This absence 

of guidance underlay the wide exploration that had to be con­

sidered. 

2. Changing technology -- Again, relatively few leads were avail­

able apart from toxicology studies of chemicals involved. For 

example, lead had largely been replaced by titanium after 

World War II and paints now in use were virtually unknown 20, 

and in some instances, 10 years before. It has been mentioned 

that dry wall construction is a post-World War II phenomenon, 

the fledging industry being established 1946-1950, and growing, 

in 1973, to the employment of 50-75,000 workers. Sandblasting 

techniques have progressed (with, frequently, opportunity for 

intensive silica exposure) and even "wallpapers" and adhesives 

were hardly the same as they had been in the recent past. This 

change in technology had been widespread and pervasive. 

3. Suspect agents -- With this changing technology had come the 

introduction of a wide variety of materials containing agents 

known in other circumstances to be potentially toxic. These 

included exotic chemicals, fungicides, · antioxidants, curing 

agents, new solvents, accelerators, n:.onomers and polymers, 

amorphous silica, asbestos, a variety of chrornates, etc. Little 
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was known of the potential effect of these agents in the particu­

lar circumstances in which they were used. in the painting trades. 

4. Suggestions of health hazards Scattered experiences, here and 

there, had indicated that, in at least some instances, adverse 

health effects were being noted. Painters overcome by epoxies 

used in confined spaces, the accident rates commented on above, 

the finding of extraordinary lung burdens of asbestos in taping 

and dry wall construction workers, etc., had been recorded. 

5. E.-x:posed populations -- All these factors were of increased con­

cern because of the very large number of workers involved, 

Al though the International Brotherhood of Painters and Allied 

Trades only includes some 225,000 members, other workers in 

the same trades, but not members of the Brotherhood, raise the 

total number involved to approximately 400,000. In addition, 

many workers are engaged in doing the same kind of work as 

"maintenance personnel" in large industrial concerns, shipyards, 

refineries, chemical plants, commercial installations and other 

facilities. 

c. Plan of pilot study 

The above experience provides a background for our approach to this 

pilot study of health hazards in the painting trades. 

1. Multiple variables -- Exposures in the painting trades are 

totally unlike those which might obtain, let us say, in a 

factory production facility, with one or a few agents, repeti­

tively used, at constant levels, fixed in tLTTie and place. On 

the contrary, exposures are extremely varied, sometimes from 

day to day and surely from year to ye::ir, differing among the 

different cr::ifts, and, possibly in different parts of the 

country. 
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a. Many trades -- The appellation of the Painters' Union, 

"International Brotherhood of Painters and .'\llied Trades" 

tells the story. In addition to general painters, there 

are dry wall construction workers and tapers, wall paper 

hangers, iron painters (lead paints!), wood finishers, 

paint factory workers, sandblasters, scenic artists, 

glaziers, floor tile sanders, carpet layers and others. 

In some places, the crafts are distinct. In others, men 

cross craft lines: occasionally within .the same local 

unions. Within each craft, exposures are varied; for 

example, men in the glazier firms may put porcelain panels 

in place; these can be backed with asbestos cement sheets 

which require abrasive sanding and manipulation, with con­

sequent asbestos exposure. 

b. Wide geographical distribution -- Workers in these trades 

are found in all parts of our country. Yet their exposures 

are not necessarily the same in each'. For example, taping 4? 
compounds suitable for Florida and the Southwest are not 

necessarily adequate for Minnesota and the N"orth Central 

States, because of different climatic conditions. 

c. Multiple target organs -- It was clear from preliminary re­

view of potential hazards, that if disease was to be found, 

it was not necessarily to be discovered in a single organ 

system -- pulmonary disease, o~ skin disease, or kidney 

disease, or liver disease, or central nervous system dis­

ease -- but, rather, more than one system was likely to be 

affected among the trades in general, and even within 

particular groups. 
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d. Pac:.ci ty 0£ preliminary data -- This has been commented upon 

above. 

2, Examination perspectives -- It was therefore considered necessary 

to envisage a pilot study which would allow for evaluation of 

clinical effects, some known or suspected and others unsuspected, 

among workers in different parts of the country, and in a variety 

of trades. It was considered that this could best be accomplished 

by field surveys in a number of cities of different size, rather 

than hospital or clinic based study. Further, the examination 

schedule had to include a wide review of occupational history, 

analysis of symptoms by an equally wide system review includ-

ing skin, lung, nervous system, pulmonary, cardiac, gastro-

intestinal, locomotor, etc. Examinations had to be equally 

broad, to range from pulmonary function study to clinical ex­

amination of the abdomen for hepatosplenomegaly, from standard 

biochemical tests, to special tests for lead exposure, from 

chest x-rays and associated physical examination, to central 

nervous system study, from a vascular test such as the Allan 

test to study of skin changes and upper respiratory allergy, 

from consideration of possible occupational carcinogenesis 

(CEA and sputum cytology) to special blood tests for trace 

metals. 

In the event, examinations were made of over 1,000 workers in 

the crafts concerned (pa:i.nters, iror~ painters, sandblasters, 

paper hangers, dry wall construction workers and tapers, paint 

factory workers, titanium plant workers, wood finishers, floor 

tile sanders). Parenthetically, we were most interested in 
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obtaining information concerning the health status of titanium 

workers; this had never been done before and and this informa­

tion would provide a broad background for evaluation of the 

possible toxic effects of titanium among painters in general. 

roo, the titanium workers provided a useful control for painters 

in general, siµce they were not exposed to the painting chemi­

cals. Similarly, by including sufficiently large groups of 

men working in the different crafts, all within the same Union 

and in the same socio-economic stratum, we would have the 

opportunity of being able to anc1lyze the experiences of "con­

trol groups" some exposed to particular agents to which others 

were not exposed. This was an important perspective, and our 

analyses have been made with awareness of the importance of 

such control groups. 

The examinations were made in Los Angeles, New York, Toledo, 

Paterson, New Jersei, St. Louis,and represented a broad spec­

trum of workers in these trades, in the United States. 
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II. Clinical findings 

A. Introduction 

In preparation for the clinical field examinations, several steps were neces­

sary in order to get as complete information as possible on the health hazards 

to be considered in the various trades (painters, tapers, floor tile workers, 

sandblasters, etc.). Information was also sought on the recent developments 

in the trade, according to the new technology applied, and on the approximate 

time of significant changes (such as use of epoxy resins, etc.). An exten­

s.ive search of the available literature was undertaken. This in.formation 

was essential in order to plan the study, defining the critical problems 

which had to be looked into. 

Several main areas of interest were defined as being the ~ost important health 

hazards in the trade: 

- organic solvents (thinners, etc.) 

- pigments (mainly lead, but also caclniil.llll and titanium compounds) 

- silica dust (sandblasters and metal painters) 

- asbestos dust (tapers, etc.) 

resins and plastics (epoxy resins, PVD, etc.) 

An examination form was designed with adverse health effects of these hazards 

specifically considered, with emphasis on a complete occupational history, 

and a thorough inquiry into possible symptoms and/or physical signs related 

to these agents. 

Relevant laboratory tests were selected following the same guidelines and 

comprised: 
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- complete blood cotmts, including platelets and differential WBC. (for 

aromatic solvents and lead) 

SMA 12 (especially in order to detect abnormal liver tests and also 

for evaluations of the general health status). 

-Lead in blood and urine samples, titanium in blood and urine samples, 

cadmium in urine. 

- Chest x-ray films (silica and asbestos exposure). 

- Pulmonary function tests (spirometry and flow volume curves). 

- Carcinogenic embrionic antigen, in order to detect elevated values, which 

may indicate a suspicion of malignancy. 

- Sputum cytology, in order to detect atypic or definitely abnormal cells, 

which may contribute to an early diagnosis of carcinoma of the bronchus. 

Analysis of the occupational histories showed that although most of the ex­

amined workers had had various kinds of exposure during employment, their 

predominanttype of work (and exposure) allowed a grouping into several main 

categories: 

- painters and paint manufacturers 

- tapers 

- floor tile workers 

- sandblsters and metal painters 

- titanium dioxide manufacturers 

- others (glaziers, etc.) 
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Clinical field examinations were conducted in ~hree different geographic 

areas: 

The first included 408 members of the Painters' Union who were examined at 

the time of the "23rd General Conv.ention of the International Brotherhood of 

Painters and Allied Trades" in Los Angeles, California, September 8-12, 1974. 

This first examination provided a wealth of detailed information on the his­

torical development of the various trades in the Painters' Union. It also 

provided a much deeper insight into the actual working conditions and health 

hazards of the workers. Several a1·eas of concern were defined, while others, 

such as the lead and cadmitm1 problem were found to be of minor importance, 

at least for the present time and for the group examined. 

The preliminary analysis of the results of this examination was reported in 

a progress report ••••••••••• 

The following two field examinations were conducted in Toledo, Ohio, (85 

workers) and St. Louis, Missouri ( 506 workers). 

In St. Louis a group of 207 titanium dioxide manufacturers was included. The 

assessment of their health status was thought to be particularly important 

since at the time of the examination no clinical survey of such a workers' 

population was known to have ever been undertaken. 
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Bo Painters and other trades 

1. Central nervous system 

a. Findings 

The analysis of the results of these three clinical field examinations re­

vealed the high prevalence of acute symptoms of overexposure to organic 

solvents (thinners) in Painters (Table Bl). 

Central nervous system effects of these volatile solvents were manifest, 

during spray-painting, but also when brush-painting in enclosed areas, with­

out adequate ventilation. Symptoms such as dizziness, light headedness, 

unusual exhilaration, loss of balance, feeling "drunk" or "high" were very 

often reported: the overall prevalence for all examined painters was 71%. 

The variations in prevalence in the three groups of painters, according to 

location (Table B2) wer~_ small; a slig)ltly higher _preyalence_W?_s noted for 

the Toledo Group. Digestive symptoms, such as nausea, vomiting and loss of 

appetite accompanied the prenarcotic symptoms in almost one-third of the 

cases. Loss of consciousness was found to have occurred during work with 

marked solvent exposure in 4% of all painters. 

When comparing the prevalence of acute symptoms of overexposure to solvents 

(prenarcotic symptoms) in painters, with the prevalence of such symptoms in 

the other trades, it is obvious that only in the metal painters, who are 

frequently spray-painting, these symptoms occur with similar frequency. 

The paint manufacturers, although solvents enter the composition of the pro-

ducts, are protected to a considerable extent since most of the operations 

are enclosed and/or do not require the permanent presence of the worker. 

The tables in this sec-tion are labeled 11B- " and follow the end of this 
section (Page 30). 
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Since many of the examined painters reported that work with epoxy paints was 

particularly associated with adverse effects, the prevalence of prenarcotic 

_symptoms in painters with epoxy exposure was compared with that in painters 

who reported to have never had such an exposure. Prenarcotic symptoms were 

reported by 84 percent of workers who had used epoxy paints, as compared with 

60 percent of those who had never used such compounds. 

In order to add an objective parameter to the assessment of central nervous 

system effects of solvents, a reaction time test was added to the battery 

of tests used in the group examined in St. Louis. 

According to the classical literature, reaction time stabilizes at about 16-18 

years of age and stays relatively constant up to the seventies. 

Therefore, when considering a "normal" population, with an average age distri­

bution, the reaction time curve is expected to be flat, and the mean value is 

expected to be 190 milliseconds. There were 272 painters who were given a 

reaction test. The mean value for all the age groups (less than 39, 40 to 49, 

50 to 59, and over 60) were higher than normal; the highest mean values were 

found in the two younger age groups (less than 39 years - mean 204 milliseconds, 

40-49 years - mean 199 milliseconds). 

An mttempt to interprete these preliminary data would have to consider several 

possibilities: 
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longer reaction time in younger painters may reflect a higher degree 

of susceptibility to central nervous system effects due to organic 

solvents in younger persons. 

- longer reaction time in younger painters may also be related to higher 

exposure levels to more potent solvents (like those used for epoxy 

paints) in the younger group. 

The preliminary results of this very simple test are such as to warrang 

further studies on solvent induced central nervous effects in painters. 

Even slight or moderate lengthening of reaction time and other subtle 

changes in central nervous system function may lead to a significant 

increase in accident proneness-and in the-a.G-tua-1-i; .. a--t.e-0-f.-accidents. 
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b. feasibility Study for Extended Neurologi~al Examination 

Existing methods for identifying industrial neurotoxins depend on the prior 

occurrence of overt clinical changes in exposed workers which significantly 

affect their job performance or other activities of daily living, and may, 

in addition, presage undesirable long range effects on their health and 

longevity. It is therefore essential to develop new procedures to detect 

or predict relevant neurological deficits due to industrial materials be­

fore they produce gross, possibly irreversible, behavioral signs and symptoms. 

The results of behavioral studies reported in the literature, supported by 

our own observations of a number of workers exposed to volatile toxins, sug-

gest that the principal neurotoxic effects of these solvents is a reduction 

in information handling capacity of the individual, and therefore that the 

most sensitive tests of neurological deficits will be those which examine 

his ability to acquire, process and generate information. 

_· On cf' Methods of Examination _W 
v..( .J 

A total of 18 male painters, ranging in age from 24-68, all of whom had a 

history of heavy e~posure to volatile agents used in the painting trade 

(lacquers, epoxies, alcohols and cleaners) were examined in the course of 

th:fs survey. Most of these individuals complair:.ed of functional disturban•-

ces associated with the use of paint materials; others aru~itted to symptoms 

on direct questio!'ling. Most of the subjects d1·ank beer, some regularly, a 

few in large quantities; a .fC\·; 2.cn:ltted to the use o:f othe;r intoxicants; 

one reported several courses of electroconvulsive therapy and one had had 

equine encephelitis in childhood. In the interview, the workers were asked 
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to describe exposure symptoms in detail with respect to onset, quality, dura­

tion and remedy; and to explicate other neurologic symptoms not immediately 

associated with exposure. Current neurological status was determined in 

each by a complete clinical examination undertaken by a senior neurologist. 

A four channel EEG recording was made on~ en workers in this groJ.!P during 

patterned visual sti.mulation 0 The data were stored· on magnetic tape for 

processing in our laboratory at MSSM. 

Observations 

The most common symptoms reported to be associated with ongoing exposure 

were: light-headedness (8); headache, usually bifrontal or diffuse, often 

diffuse, often pounding (7); "dizziness" (7); disturbance in balance (5); 

feeling "high", not always pleasantly so (5); silly or other unusual be­

havior (5); lack of concentration, fear of accident and careless work (4); 

confusion (4); loss of consciousness (4); pares i:hesias (4); and slurred 

speech (1). 

Most subjects experienced relief of overt symptoms after 10-30 minutes in 

fresh air. In several cases, the full effects of the intoxication were not 

felt during the exposure but appeared to develop, or were first noticed, 

only after the workers left the painting environment. Three cases of pro­

longed unconsciousness were reported to have occurred in this way. Often; 

the original symptoms persisted for hours after the exposures or deficits 

became apparent when they performed new tasks. The most significant of 

these deficits were associated with driving a car after work. All subjects 
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with acute symptoms reported some difficulty in driving. There were several 

reports of accidents or near misses, and one patient stated that he drove 

home after symptomatic exposure and had no recollection of doing so. Detail-

ed questioning suggested that the basic problem was not as much due to slowed 

reaction time or faulty judgement as it was a failure to observe cars or pe­

destrians in their peripheral view, causing "surprises" when they encroached 

upon or intersected the path of the worker's car. A number of industrial 

accidents or near accidents were also reported by this group which usually 

occurred in situations requiring control of a number of factors, e.g., a 

sprayer-hose while balancing on a scaffold. Other interexposure behavior 

changes commonly reported by these workers are·well known to behavioral 

toxicologists. They included nervousness, irri_tabili ty, uncertainty, and 

changes in sleep patterns. 

No significant neurological deficits were found in cranial nerve functions, 

gait, power, coordination or reflexes. One patient had a moderately coarse 

tremor of both upper extremities and another was observed to have a few 

myoclonic jerking movements. Two older patients had diminished vibratory 

sensibility in the lower extremities. Only minor mental deficits were found 

in four of the patients; the most common of these (3) was a positive Face­

Hand Test. The four channels of EEG data were derived from six posterior 

electrodes symmetrically distributed on the two sides. Normal alpha rhythms 

were present in all subjects and in two there was a large amount of 18-22 

wave/sec. beta as well. No unusual potentials were observed, but it was 

noted that the three oldest subjects in this group (ages 58, 60 and 61) -- -

showed many more state changes than did the younger ones under the srune 
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conditions of recording. In these three, frequent, and sometimes long periods 

of drowsiness and light sleep patterns were seen. The differences proved 

stable in a few repeat examinations at different times of day; the second 

tracing being recorded at the end of a regular work day. The EEG samples 

were too restricted to justify more elaborate computational analyses of 
---. --
the data. 

A periodic patterned visual stimulus was employed at a number of different 

rates, singly, and in pairs separated by variable time intervals, to study 

visual evoked potentials. No reliable differences in the averaged responses - - -
were apparent on inspection, but a firm judgement awaits the computation 

of variances. 

The clinical and electrophysiological data described above suggest that the 

most productive measures of neurological deficits in workers exposed to 

volatile toxins are likely to be those dealing with acquisition and utili­

zation of sensory data. _]ye movement t :r.:_acking and sequential scanni£ g_ 

strategies generated in response to visual display may be among the most 

sensitive of these tests. 

Further, we have the impression in these pilot studies that the principal 

long. range neurotoxic effects of these materials (or the effects of exposure 

on middle-aged workers) are related to prematur~ aging. The most sensitive --, 
and reliable objective test for this is of course quantitative study of 

sleep EEGs. 
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2. Respiratory tract 

ao Acute symptoms 

Irritation of the upper airways and conjunctiva and tracheo­

bronchial irritation were also reported with significant 

frequency. (45 percent and 38 percent respectively of all 

examined painters)" When compared with (Table B3) the preva­

lence of such symptoms in other workers (tile floor workers, 

tapers, sandblasters and metal painters) no significant 

differences were foundo This finding may reflect the presence 

of irritative particulate matter, which is known to be wide­

spread in the last mentioned tradeso 

Upper airways and tracheobronchial irritative symptoms were 

more common in epoxy exposed painters than in painters without 

epoxy exposure (Table B4};tracheobronchial irritation was twice 

as common in epoxy exposed workers (52 percent of those examined). 
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·Skin changes, including allergic skin reactions and chronic dermatitis, were 

also more frequent in workers with epoxy exposure. 

b. Chronic bronchitis 

Chronic bronchitis (according to the MRC criteria) was found in 30% of all 

examined workers. The highest prevalence was found (Table BS) in sandblasters 

(38%), immediately followed by the paint manufacturers (33%) and painters 

(28%) and floor tile workers (29%). The highest prevalence of chronic 

bronchitis in sandblasters is probably due to their complex occupational 

exposure to both inorganic particulate matter, mainly silica, and various 

solvents. The finding of chronic bronchitis in almost one-third of the ex­

amined painters was given special attention, and a detailed analysis, taking 

into accotmt the smoking habits and location was undertaken (Table B6). 

Several interesting facts emerged from this analysis. While it was expected 

that the current smokers would have the highest prevalence of chronic bron­

chitis, it was rather striking to find between 11 and 14% of workers who 

had never smoked to have such a problem. Also, the prevalence of chronic 

bronchitis in persons who had always smoked only a pipe and/or cigar (20 

and 24%) was unexpected. 

Another finding which resulted from the .analysis of the three groups examined 

(according to location) was that the St. Louis group had a higher prevalence 

of chronic bronchitis in smokers, as well as in ex-smokers and nonsmokers. 

The possibile explanation of these findings was thought to be the occupational 
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exposure to irritant fumes and dusts which most probably contribute to the 

development of chronic bronchitis in non-smokers, pipe and/or cigar smokers and 

to the persistence of chronic bronchitis symptoms in ex-smokers, even after 

many years of nan-smoking. 

c. Pulraonarv function tests 

The pulmonary function tests (Table B7-B9) showed a rather impressive pre­

valence of obstructive ventilatory dysfunction in painters. More than half 

of the smokers and ~-smokers had obstructive respiratory dysfunction, but, 

48 percent of painters who had smoked only a cigar and/or pipe had similar 

findings. The most striking fact was that 26 percent of non-smokers also 

had obstructive ventilatory dysfunction. 

The re5alts of the pulmonary function tests correlated very well with the 

diagnosis of chronic bronchitis (MRC questionnaire). Again, the St. Louis 

Group showed the highest prevalence of obstructive ventilatory dysfunction. 

Since chronic bronchitis and obstructive ventilatory dysfunction were found 

with significant prevalence in painters who had either never smoked or had 

smoked only cigars and/or pipes, a contributory factor of occupational ori­

gin, related to the irritative effects of many solvents and dusts seems very 

likely. The probability of such a casual relationship was strengthened when 

an analysis of the pulmonary function tests in workers with a history of ir­

ritative symptoms of the upper airways and tracheobronchial tree was under­

taken. More than 80 percent of painters who had repeatedly experienced irri-

tative symptoms during their work, developed obstructive ventilatory dysfunc-

tion, non-smokers, cigar and/or pipe smokers included. 

21 



Restrictive ventilatory dysfunction was a much less frequent finding, even 

in the trades with known asbestos exposure, such as tapers (Table Bl0). 

3. Chest x-ray findings 

The chest x-ray filns were read according to the International Classifica-

tion !LO U/C. 

The finding of small rounded opacities, typical for silicosis in 8 percent 

of the sandblasters, showed that the hazard of developing silicosis in this 

trade is significant, although much of the work is done outdoors, and most 

workers have an intermittent type of work schedule (Table Bll). 

The prevalence of chest x-ray changes in the pain~ers and paint manufacturers 

was less expected: parenchymal changes were present in 14 percent of all exa­

mined painters (5 percent had small rounded opacities and 9 percent had small 

irregular opacities), and pleural changes (pleural thickening and/or calci­

fication) in 10 percent of painters. The overall prevalence of chest x-ray 

abnormalities was 20 percent. These findings indicate that painters have a 

quite prominent hazard of developing pneumoconiosis. 

The detailed analysis of the occupational histories in the examined painters 

revealed that 57 had had indirect asbestos exposure (working in areas where 

asbes.tos was handled by other workers), 41 had had indirect silica exposur~ and 

16 had had both indirect asbestos and silica exposure. 

The possibility of other varieties of particulat~ matter contributing to the 

development of a "mixed dust" pnewnoconiosis deserves special attention and 

further research is needed in this area. 
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Painters are exposed to a variety of solvents, some of which are known 

to be toxic for the liver, while the hepatotoxicity of others ~2s still 

to be evaluated. 

4. Liver 

Special attention was given to the liver size and firmness, and to other 

possible pathological changes of the liver and spleen during u.e physical 

examination. 

Laboratory workup of the examined workers included liver function tests 

- bilirubin, alkaline phosphatase, SGPI', SGOT and LDH. 

The analysis of data revealed that an enlarged liver was not a f:?.•e~uent find-

ing (between 4 and 6 percent of examined workers in the Toledo, I.os Angeles 

and St. Louis Groups). Most of the liver function tests ~entioned showed 

abnormalities to be present in a rather low percentage of those exa::.i~ed 

(less than 10 percent), but alkaline phosphatase elevation was ~ore fre-

quent a finding in the St. Louis Group, where the prevalence of this abnorma­

lity rose to 38 percent of examined painters (Table Bl2). Various factors 

have to be considered in an atte~pt to explain these findings. Careful his­

tories of drinking habits had shown that there was a significant alcohol 

intake in 28 percent of St. Louis painters, while in the Toledo and L-0s An­

geles· Groups, this was the case in only 21 percent of examined painters. 

Age distribution may also contribute to a higher prevalence of increased 

alkaline phosphatase levels, when the older age groups are better represented. 

This factor did not seem to play a significant role in the differe~ces ob-

served between the St. Louis Group and the other two groups. 

23 



Since several other occupationally induced abnormalities were more frequently 

found in the St. Louis Group, it is possible that higher exposure levels to 

potentially toxic substances, and more frequent such episodes may have con­

tributed to the much higher prevalence of increased alkaline phosphatasea 

The prevalence of liver dysfunction in painters and the etiologic contribu­

tion of some of the chemical handled by these workers deserves further atten­

tion and should be studied in depth (Table Bl3). 

5. Hematological results 

Complete blood cell counts were undertaken in order to detect any possible 

toxic effects on the bone marrow and/or blood cells, since the use of aroma­

tic hydrocarbon solvents (benzen, toluene with significant benzene admixture, 

styrene with possible benzene content) was known to have occurred, at least 

in the past. Slight anemia (hemoglobin less than 14gm/100ml) was de,tected 

in 11 percent of the painte,rs, and slightly reduced white blood counts (less 

than 5000/mm3) in 10 percent of cases (Tatle B14). While these abnonnalities 

were more frequently found with painters than with the other trades, the dif­

ferences were not impressive,' and the fact that only minor abnormalities 

were detected seemed to indicate that toxic effects on the bone marrow were 

not a prominent problem in the population studied. 

No evidence for recent increased lead or cadmium absorption or toxicity was 

found. Lead blood levels and urinary cadmium were found within normal limits. 

Neverthless, there were several metal painters who had experienced lead pol­

soning in the past, in some of them lead colic had been diagnosed. 



An attempt was also made to estimate blood and urine t_itaniurn levels, but 

no levels exceeding the detectable limits of the method used (0.5mg/l in 

urine; 0.25mg/l in blood) were found. 

6. History of malignancy 

A history of malignancy (all sites) was elicited in 33 (4 percent) of the 

examined ~Jpulation(Table 15), in most (23) of the cases a cancer of the 

skin had been successfully treated", but there were also 3 persons who had 

undergone surgery for bronchial carcinoma and 3 for carcinoma of the larynx. 

One additional case of cancer of the lung was diagnosed during the survey. 

7. Special laboratory tests 

Two non-invasive techniques for e1rly detection of malign2.ncies are under 

investigation by our laboratory for possible use as screening tools in high 

risk occupational groups. Serum carcinoembryonic antigen (CEA) and sputQ~ 

cytopathology were included in the protocol of this field survey. 

a. Sputum cytopathology 

Cytopathologic changes seen in cells exfoliated from the bronchial linings 

may reflect a wide variety of conditions including early lung malignancies. 

Cells from a coughed sputum specimen are staged according to five categories 

of criteria of cellular abnormality which are felt to reflect progressively 

more severe alteration, the most serious and severe being cancer, The stages 

of mild, moderate and marked atypia are thought to be "pre-malignant" in 

the sense that they are in the chain of progressive changes which may result 

in cancer. Most persons with mild or moderate atypia do not develop a lung 
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neoplasm. However, they may have a greater risk than others with normal 

sputwn cytopathologyo Individuals with marked atypia clo n0t have cancer, 

but may be developing it, and they are known to have a high probability 

of developing a malignancy if some iype of intervention is not instituted; 

i.e. stopping cigarette smoking, or ceasing a hazardous exposure such as 

Uranium mining. The three stages of atyµia are felt to be reversible, 

while the stage of carcinoma is not. 

The atypias may also be the result of acute infection, (thus multiple 

specimens are more reliable) or chronic respiratory irritation such as the 

inhalation of irritant dusts, fumes or vapors. The possible combined effect 

of cigarette smoking and occupational exposure to irritants on sputum cyto­

pathology is not known. 

In this pilot study, one aerosol induced sputum specimen wa1s collected at 

the time of examin,,tion. All individuals over the age of 40 were included. 

Other investigators have shown a low yield of adequate specimens from those 

under 40 as well as from all nonsmokers. Using the above protocol, which 

included nonsmokers, 88~ of the specimens collected contained adequate 

material for evaluation of cytopathology. 

Table B16 summarizes the sputa cytopathologic findings. Other investigators 

have reported that cigarette smoking is the most potent inducer of atypical 

sputa. As can be seen in this table, no signj_ficant difference exists be­

tween current smokers ancl ex and nonsmokers, unti 1 the severe category is 

reachedo TI1is suggests that the occupati.onal exposure of the nonsmokers may 

be responsible for the high percentage (54%) of nonsmokers with atypical sputa 
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These typical sputa findings may be the encl result of the previously described 

frequent upper respiratory and tracheobronchial symptons experienced on the 

JOb by the t!'adesmen examined. The atypical sputa findir,gt=: also correlate well 

with the finding; of an increased number of nonsmokers v:i th a history of 

chronic bronchitis. The combined finding of increased respiratory symptoms, 

chronic bronchitis, and atypical sputum cytopathology suggests strongly that 

the occupational exposure to irritants experienced by men in the painting 

trades may significantly contribute to the appearancP. of mild and moderately 

a typical pulmonary cells. It is not known whether these minimal changes 

will progress to the more serious stages. Long tern, prospective follow-up 

of these men is needed to answer this question. 

As can be seen in Table Bl6, one previously undiagnosed case of lung cancer 

was detected using sputum cytop~~ho_!~g_~ __ J_liat__mg_n is __ c;.}!_r_rgn;t__ly_ under therapy, 

The second case, from a more recent survey, has not had a tumor localized yet. 

His cytol.ogy was "highly suspicious but not conclusive for malignancy." He 

is being followed closely by his personal physician. In addition, one indi­

vidual with a previously known laryngeal carcinoma was examined during the 

survey and he also had malignant cells in his sputa, ho~ever, he was not 

included in Table Bl6 because his tumor was already known, 

b. Carcinoembryonic antigen 

CEA was first described in 1965 and was thought to be specific for entoder­

mally derived tumors. However, further studies have described elevated CEA 

titers in many other malignancies and also in some non-malignant inflammatory 

disorders. It is now felt that CEA represents a non-specific cell-phase 
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marker, most likely reflecting cell pathology and degree of cell differen­

tiation. CEA titers below lOng/r.11. are not diagnostic for malignancy; how­

ever, individuals in the range 2.6-lOng/ml. are more likely to have an ill­

ness tha11 those with titers below 2. 6ng/ml. Heavy ciga1·ette smoking, emphy-

sema, excessive alcohol consumption and liver function abnormality are the 

most common findings in this group. CEA titers above 20ng/ml. are almost 

always associated with malignancy, or severe medical illness requiring 

hospitalization. Whether individuals with elevated CEA titers, but without 

clinically evident malignancies, have a higher risk of developing a malig­

nancy than those with lower CEA titers has not been adequately e\·aluated, 

Serum specimens ,,,;ere collected from 943 tradesmen and were analyzed blind 

at the Hoffmann-La Roche Inc., Nutley, New Jersey f8cili ty under the direc-­

tion of Dr. Hans Hansen using a modified radioimmunoassay with a sensitivity 

of ± • 5ng/ml. 

We have compared the results (Tables Bl7,Bl8,B19) with normal individuals 

who had no known toxic occupational exposures or active medical illnesses. 

Smoking history was kept constant because of the well known effect of cigar­

ette smoking on CEA titers in the range of 2.6-lOng/ml. The effect of 

smoking can be seen by comparing the different norraal groups. In the non­

smokers, 97c;; had CE.-\ titers below 2.6ng/ml., while only SO"'; of the current 

smokers had similar titers. 

All trades examined had CEA distributions significantly different from the 

normals. Any additive effect of occupational exposures and cigarette smoking 
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would not be present in the nonsmoking group, yet they were significantly 

different from the normals, suggesting an external work environic.ent effect G 

The distributlion of the nonsmoking tradesmen is identical to the smoking 

normals. 

Other investigators have shown that CE.A titers are often correlated with ab­

normal liver function tests and alcohol consumption. The previously discussed 

increased number of painting tradesmen with abnormal liver function tests 

correlates well with the finding of elevated CEA titers. Both of these 

findings suggest that these workers' occupational exposures not only cause 

a a.ite symptoms, but are reflected in liver function abnormality as well as 

CEA titers. The significance of the CEA titers in the 2.6-lOng/ml. range 

is not known, however, prospective follow-up on this group is planned to 

learn whether the elevated titer group has a different morbidity and mortality 

experience than the normal CEA 

It is interesting to note that combining the sputlilll cytopathology results with 

the CEA titers gives more information on possible pulmonary malignancy than 

either test alone. All of the individuals with markedly atypical sputa had 

elevated CEA titers. The one positive cytology had a CEA of 345ng/ml. The 

"suggestive but not conclusive" individual had a normal CEA. This individual 

will be followed closely to watch for a rising CEA titer. Only 39:,";, of the 

moderate atypias had elevated CEA titers. Whether these men have a higher 

::clsk than the individuals with only one of the tests abno1'!1al will only be 

answered by prospectlve follow-,up. It ·,,;ill be ir,teresting to see if the 

moderate atypias with abno1mal CEA's will soon progress to markedly atypical 

sputa. _-\11 of these men have been advised to stop smoking and remain under 

close medicci.l observa tior,o Our lr,bora tory plans to continue to follow these 

men every six months with CEA and sputum cytologyo 
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Table Bl 

Acute symptoms of overexposure in painters 

Actively Previously 
employed employed Total 

(337) (148) (485) ---

Symptoms No. c- No. % No. % ,0 

Upper respiratory 
and conjunctival 159 47% 59 40% 218 45% 

irritation 

Trachea-bronchial 
irritation 140 42% 42 28% 182 38% 

~- . -·- -------· - -~• ~-~-

Prenarcotic 
symptoms 243 72% 101 68% 344 71% 

Digestive 
symptoms 72 21% 23 16% 95 20% 

3·:) 



Table B2 

Acute symptoms of overexposure in 485 painters (three locations) 

Los Angeles Toledo St. Louis Total 
(218) (78) (189) ( t185) 

Symptoms No. % No. % No. % No. % 

Upper l'espiratory and 
conjunctival irritation 109 50% 2G 33% 83 44% 218 45% 

Tracheo-bronchial 
93 43% 2G 33% 64 34% 38% 

irritation 
182 

Prenal'cotic symptoms 152 70% 64 82.% 128 68% 343 71% 

,. ..., Digestive symptoms 46 21% 16 21% 33 17% 95 20% 

Loss of consciousness 7 3.2% 3 4% 9 5% 19 4% 



Table B3 

Acute symptoms of overexposure 

Paint Metal painters 
Painters manufacturers Tile floor Tapers ancl sandblasters 

(485) (30) (31) (116) (77) 

Symptoms No. % No. 01, ,o No. 0/ 
/0 No. % No. % 

Upper respiratory and 
conjuncti.val irrit;ition 218 tJ5% 10 :13% 12 ;rn% 31 27% 17 61% 

Trachea-bronchial 
irritation 182 38% 13 43% 10 32% 27 23% 10 5901. ~,o 

Prcnnrcotic symptoms 343 71% 11 37% 15 48% 6 5% G3 82% 

Digestive symptoms 95 20% 2 7% 1 3% 1 1% 22 29% 



Table B4 

Acute symptoms in epoxy exposed painters 

Epoxy exposed Non-epoxy exposed 
(225) (260) 

Symptoms No. Cl Xo. % ,o 

Upper respiratory and 
conjunctival irritation 128 57% 90 35% 

Trachea-bronchial 
irritation 116 52% 66 25% 

Prenarcotic symptoms 188 84% 156 60% 

Digestive symptoms 58 26% 37 14% 

Skin changes 48 21% 13 5% 



Table B5 

Chronic bronchitis (by history - MRC) 

Total number 
examined Chronic bronchitis 

No, 2-

Painters 485 135 28% 

Paint manufacturers 30 10 33% 

Tapers llG 20 17% 

Floor tile •;:orkers 31 9 29% 

Sandblasters 77 29 38% 

Ti02 206 45 22% 



Table BG 

Chronic bronchitis in painters 

Pipe and/or 
Smokers Ex-smokers cigars Non-smokers 

Total 
number Chronic Total Chronic Total Chl'onic Total Chronic Total Chronic 

examined bronchitis No, bronchi tis No. bronchi tis No, bronchi tis No. bronchitis 

Los Angeles 218 56 (26%) 77 40 (52%) 89 8 (9%) 15 3 (20%) 37 5 (14%) 

Toledo 77 18 (2:1%) '15 16 (:H-5%) 15 0 3 0 1,1 2 (1'1%) 

St, Louis 179 62 (35%) 72 40 (56%) 62 15 (24%) 17 4 (24%) 28 3 (11%) 

Totals 474 136 (28%) 194 96 (49.5%) 166 23 (14%) 35 7 (20%) 79 10 (13%) 



Table B7 

Respiratory function impairment in painters (smokers) 

Total number Restrictive Obstructive 
tested dysfunction dysfunction 

Los Angeles 76 9 (12%) 33 (43%) 

Toledo 43 2 (5%) 23 (53%) 

St. Louis 70 6 _(?%) l -- 38 (54%) -- --



w 
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Table BB 

Respiratory function impairment in painters 

Ex-smokers 

Total Restrictive Obstructive 
number tested dysfunction dysfunction 

Los Angeles 88 4 5% 43 49% 
I 

Toledo 13 1 8% 7 54% 

St. Louis 52 2 4% 27 52% 

: 



Totnl 
No. tested 

Los Angeles 35 

Toledo 13 

St, Louis 25 

Total 73 

Table B9 

Respiratory function impairment in painters 
(non-smokers) (cigar and/or pipe smokers) 

Never smokerl Pipe and/or cigar only 

Restrictive Obstructive Restrictive Obstrtictive 
vcntilatory ventilntory Total ventilatory ventilatory 

.impairment impairment No. tested impairment impairment 

1 3% 11 31% 15 1 7% 5 33% 

-- -- 3 -- 2 G6% 

I 

1 4% 8 \32% 15 -- 9 60% 

I 

2 3% 19 ,26% 33 1 3% 16 48% 



:.. 
0 

'§ 
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Smokers 41 

Ex-smokers 25 

Non-smokers 7 

Table ElO 

Respiratory function impairment in 
workers with mineral dust exposure 

Sandblasters Tapers 
Total number Total number 

(73) (106) 

~ r 

Restrictive Obstructive ~ Restrictive Obstructive 5 
impairment impairment z impairment impairment 

3 (7%) 23 (5G%) 51 2 (4%) 19 (37%) 

3 ( 12%) 13 (52%) 33 1 (3%) 12 (36%) 

0 1 (14%) 22 2 (9%) 6 (27%) 



ExpoSlll'P 

Silica 
(sandblasters) 

Asbestos 
(tapers) 

Painters and paint 
m:1nufacturers 

Total 
number 
workers 
cxnnlincd 

76 

113 

Small rounded 
opacities 

(p, q or r; 
1/0 or more) 

No. 

6 8% 

7 6% 

26 5% 

Table 1311 

Chest X-rny chang·cs 

Small irregular 
opncitics 

(sort; 1/0 or 
11101.·c) 

No. 

1 

3 

1% 

3% 

* 9% 

Pleural 
thickening 

aud/or 
caJ.ciJ'ieation 

No. 

7 

2 

52 

9% 

2% 

* 10% 

Total 
par en chyma 1 

and/or 
plcu1·:1 l chanp;cs 

No. 

12 

1l 

105 

16% 

10% 

* 20% 

* There were 57 workers with indirect asbestos exposure, 11 with indirect silica exposure and 16 with both 
indirect asbestos and silica exposure. 



Table Bl2 

Liver function tests in Painters 

Los Angeles Toledo St. Louis 

Total number Total number Total number 
tested tested tested 
(218) (78) (207) 

No. % No. r:f No. C1 
/0 ,c 

Bilirubin 
* > 1.0mg. 9 (1) 4% 3 4c;' ,o 7 3f, 

Alkaline 
* * * phosphatase 33 (5) 15% 6 (2) 8"" 78 (21) 38% /0 

* SGPT 8 (2) 4% 0 2 1% 

* * * SGOT 11 (4) 5% 8 (5) 10% 14 (5) 7% ------ ------ ---· - -- - .. --- ·- . - -....,;'\I---- --·-- --

LDH 3 1% 0 9 (2) * 4;; 

* * * Enlarged liver 13 (7) 6% 3 (3) 4ct /0 10 (4) 5~ 

Significant 
alcohol intake 46 21% 16 21% 57 28% 

* Abnormalities in persons with significant alcohol intake 
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Table 813 

Liver function tests in workers of various painting trades 

Sandblasters 
Painters and Paint Titanium and 
manu-racturers dioxide workers Tapers metal painters 

(503) (207) (1161 (77) 

No. % No, % No. % No. % 

Bilirubin 
* * * >1.1 19 (1) 4% 8 (3) 4% 5 4% 1 (1) 1% 

Alkaline 
* * * * phosphatase >85 117 (28) 23% 35 ~20) 17% 27 (9) 23% 14 (13) 18% 

SGPT >52 10 (2) * 2% 4 ~2) * * 2% 9 (2) 8% 1 1% 
I 

* J * * * 6% SGOT >40 33 (14) 7% 5 3) 2% 9 (2) 8% 5 (5) 
I 
' ' 

* I * * * LDH >225 12 (2) 2% .. 5 (1) 2% 7 (4) 6% 1 {1) 1% 
I 

* Number of cases with significant alcohol intakq 



Table B14 

Hematologic changes 

Total 
number Hemoglobin WBC 

3 
Trade examined <14gm/100ml <5000/mm 

No. % No. % 

Painters 465 50 11% 47 10% 

Paint 
manufacturers 26 2 8% 1 4% 

Tapers 114 8 7" JC 2 2% 
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Table Bl5 

Malignancies (by history) 

Total 
number 

examined Skin Lung Larynx G.I. Other 

Painters and paint 
manufacturers 507 18 (4%) 4 (0.8%) 2 (0. 11%) 2 (0.1%) 0 

Tapers 116 1 (0.9%) - - - 1 (0.9%) 

Others 156 4 (2. G%) - 1 (0.6%) -

Total 779 23 (3%) 4 (0. 5%) 3 (0.4%) 2 (0.3%) 1 (0.1%) 



Tabl e BlG 

Sputum cytology and smoking 

Smoking Number lliild Moderate Marked 
history tested Normal atypia atypia atypia Malignant 

Smokers 296 91 (31%) 181 (61%) 20 (7%) 3 (1%) 1 (0.3%) 

Ex-smokers 203 89 (44%) 99 (49~;) 13 ( 6 . 5%) 1 (0.5%) 1 (0.5%) 

Non-smokers 93 43 (46%) 44 (47%) 6 (7%) 0 0 



Table Bl7 

CEA Assay 

Current Smokers 

l I 

Trade Number 0-2.Sng/ml. . 2. 6-5ng/ml. 5.1-lOng/ml. 10 .l+ng/ml. 

Painters 202 86 (43%) 85 (42%) 26 (13%) 5 (2%) 

Tapers 52 28 (54%) 18. (34. 5%) I 5 

I 
(9. 5%) 1 (2%) 

Silica 46 21 (46%) 18 (39%) 5 (11%) 1 (2%) 
exposed 

Ti02 82 32 (39%) 41 (50%) 7 (8.5%) 2 (1. 5%) 

Other 38 17 (45%) 16 (42%) 5 (13%) 0 

Normals 620 502 (81%) 93 (15%) 19 (3. 3%) 6 (0. 7%) 
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Table Bl8 

CEA 

Ex-Smokers 

I I Trade Number 0-2.5ng/rnl. 2.6-5ng/ml. 5.1-lOng/ml. 10. l+ng/ml 

Painters 164 108 (66%) 41 (25%) 14 (9%) 1 (O. 6%) 

Tapers 37 28 (76%) 7 (19%) 2 (5%) 0 

Silica 24 19 (79%) 5 (21%) 0 0 
exposed 

Ti02 72 52 (72%) 19 (26%) 1 (1%) 0 

Other 26 20 (77%) 5 (19%) 1 (4%) 0 

Normals 235 219 (93%) 12 (5.2%) 2 (0. 9%) 2 (O. 9%) 
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Table Bl9 

CEA Assay 

Non-Smokers 

Trade Number 0-2.Sng/ml. 2.6-Sng/ml. I 5.1-l0ng/ml. 10. l+ng/ml. 

Painters ll5 88 (77%) 20 (17%; 6 (5%) 1 (1%) 

Tapers 20 16 (80%) 2 (10%) 2 (10%) 0 

Silica 8 5 (63%) 1 (12%) 2 (25~) 0 
exposed 

------·---~------- - · ---- · H• - • ...,,..,__ - - - . ... _ --

-
Ti02 37 30 (81%) 7 (19%) 0 0 

Other 20 15 (75%) 4 (20%) 1 (5%) 0 

Normals 892 865 (97%) 25 (2. 8%) 2 (0. 2%) 0 

48 



C. Dry wall taping 

Dry wall construction began to replace masonry to a significant degree 

after World War II. At the present time, it has assumed a dominant 

role iq the construction industry. Taping of joints in such dry wall 

construction is required, and consists of applying and finishing 

spackle material at wallborad joints. We have found that these work 

procedures may be associated with significant asbestos exposure. 

Tapers spend approximately 5-10% of their working time sanding dried 

spackle material, and thus experience intermittent asbestos exposure. 

Significant exposure may also occur among painters who occasionally 

apply or sand spackle and taping compounds. It is estimated that some 

75,000 construction workers are currently employed in this work in the 

U.S. Moreover, carpenters, electricians and plumbers may work in the 

vicinity of wallboard finishing. 

The purpose of the following study is to describe the work procedures 

and to focus attention on the health hazards from asbestos exposure 

in dry wall construction. 

1. Work procedures: 

a. i\lixing: 

Prior to applying the spackle at the wallboard joints the 

compound is prepared in the following way: 

Half of a 25 lb. bag of dry wall taping compound is poured into 

a 5 gallon bucket containing about 2 gallons of water. The mix­

ture is stirred until it has obtained a certain degree of con­

sistency, whereupon the remainder of the dry mix is added. The 

mixture is again stirred. This operation takes the taping 

worker approximately 60-90 seconds. 

Until Pre-Mix material came into use in 1965, the mixing pro­

cedure was commonly performed three times a day. 

The tables in this section are labeled "c-" and follow the end of this 
section (Page 53). 
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b. Sanding; 

After the taping compound has been applied at the wallboard joint and has dried, 

the surface is sanded. Two different sanding techniques are used. 

Pole sanding: 

This is the most common technique presently used. An experienced taper 

is able to sand the joints of a 2Ox9 foot wall in approximately 3 minutes. 

The apparatus used consists of a 5 foot pole with a steel base to which a 

piece of sandpaper is 2 ttached. After a room h::i.s be8:1 pole sand0d, it i::; 

usually finished with hand sanding, before the second coat of taping com­

pound is applied. This is usually not sanded. 

Hanci a:ianding: 

This technique is preferred to pole sanding by some tapers, since this pro­

cedure allows better visual and manual control over the operation. Hand 

sanding is also required in those situations in which the space relation­

ships prevent the taper from using the pole sanding technique. 

2. Analysis of materials 

Analysis of taping compounds ancLs.pa.ckle-materials- indicates--that a number of 

biologically active minerals are to be found. The compounds that have been 

analyzed by x-ray powder diffraction, optical and electron microscopy include 

both dry wall and paste types. Of 15 industrial dry wall taping and spacklin 

compounds, 13 contained asbestos. (Table Cl) In addition, 3 compounds contained 

tw0 different types of asbestos, namely clu·ysotile and treir.oli te. Qua1·tz and 

other silicates were also present in some of the compounds. Thus, the results 

of our analyses show that most of the taping compounds used in the U.S. Con­

struction Industry contain asbestos on the order of 4-5%. One compound con­

tained 10-15% chrysotile and 8-12% tremolite. 

3. Dust concentration 
We have further done a series of dust counts and found that fiber counts 2.re 

considerable. Air samples taken in the breathing zone of dry wall ~apers 

show that fiber concentrations several times the maximrnn level permitted by 

the United States Govenn~1cnt re;~lations are released during sanding of wall 

board t2.pi11g compounds. It should also be emphasized that the asbestos fiber 

concentrations gcner~tcd by sanding are similar to those measured in the work 

c1n' ironmcnt of nsbcs tos insulation workers. Tables C 2 and C 3 show fiber co,1-

ccntra tions e:•:pcrienc;:,cl during pole and hand snnding of dry wall taping com­

pounds. Pole s::inding· is the most common technique of s2.nding at the present 

time. Dud.ll~'; pole s~1nding, 7 of the 10 samples exceeded tl'e threshold limit 
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value of 5 fibers ml greater than 5µm. Hand sanding, which is preferred by 

some tapers, generated fiber concentrations close to or in excess of the 

threshold limit value. 

During mixing of dry wall taping comounds, fiber courits 7 to 10 ti~es the 

threshold limit value were observed. (Table C4) The background data indicate 

that there are detectable fiber concentrat:i:.ons in adjacent rooms during the 

mixing procedure. 

It is of considerable importance to emphasize that the fiber concentrations 

measured by standard procedures using optical microscopy, are in fact unreli-

able indices of the actual asbestos posure. Electron ~icroscopic analyses 

show a large number of fibers too fine to be seen by optical microscopy. 

The disease inducing potential of these fibers, many of which are 

shorter than 5µm in length and 300~ in width is readily recognized. It may be 

then that optical fiber counts grossly underestimate the dust levels which ac­

tually ohtain. 

The presence of particularly small fibers in this asbestos trade is also sug­

gested by an analysis in our laboratory of the lung o.f a taping worker who died 

of lung cancer. Innwnerable fibers were presen,t. However, virtually 

none were seen by optical microscopy. These were only visible with the electron 

microscope. Whether the small fiber size encountered in this trade is a conse­

quence of the original ~aterial used, or the work procedures, remains to hn fur­

ther el uc:ida ted. 
4. X-ray abnormalities 

We have undertaken a preliminary survey of taping workers in the United States 

in order to determine whether significant asbestos disease exists among them. 

The taping workers were members of the Local Unions 1974 and 1976 of Dry Wall 

Taper and_ Pointers in New York, N.Y. and Hopelawn, N.J. respectively. 

The age· distribution of the examined taping workers as presented in Table C5 

The duration of exposure, summarized in Table C6 ~ shows that 79% of the workers 

had ten years of exposm.·e or more. The x-ray abnormalities 2.mong 108 tapers 

are stm1marizecl in Tables C7 ancl CS. Each £ilm was read by 5 physicians and 

:->. cons0nsus rer:cU.nc ·,,.-a,_, thereafter obt"ltne:rl. The x-r~,y abr;_01.:::1l i ties were 

classi£cd according to the ILO/UC Inter11a tional Classific., tion of Racliographs 



of Pneumoconios-:>s. 48 abnormal films were found among the examined, i.e. 

in 14'. 4%. 

Pleural fibrosis characteristic for asbestosis was found in 12 cases, of 

which 4 had pleural disease as the only indication of asbestos e::-::posure. 

In summary, 48.1% of the examined tapers had abnormalities on their chest 

x-ray. 

In comparison with roentgenographic changes observed in asbestos insulation 

workers (Table C9) a similarity in morbid~ty pattern is discernible, especi­

ally in the group with 10-19 years of exposure. The difference in total 

number of examined individuals may account for some of the differences and 

will be studied further. 

Included in the description of clinical findings of Painters and other 

trades are data on individuals classified as "tapers". For the most part, 

these are individuals who had performed some taping of wallboard and 

spackling compounds for at least two years or longer. Thus, individuals 

were included who performed dry wall taping only occasionally. As can be 

seen, the disease manifestations of such occasional exposure is consider­

ably less than that of full-time tapers and differs little from other 

general painters who also had 1ndirect and-some direct.exposure to asbestos 

in general painting activities. 

In conclusion, we have found that full-time ta~ing workers in dry wall con­

struction do have risk of exposure to asbestos and perhaps to other minerals 

as well. Our preliminary findings suggest that asbestos disease is an im­

portant hazard in this trade, which has not been previously investigated. 

We recommend that appropriate measures be taken as soon as possible in 

order to prevent further asbestos exposure. 
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Table C 1 

Mineral content of fifteen industrial dry wall taping and spackling compounds 

Study Number 

,\l:L ncr.:11 Phase 1 2 3 4 5 6 7 8 9 

Chrysotile 6-8% 5-10% 6-8% 5-10% 5-12% 5-10% 5-10% 5-10% 

Tn.'mol ite 4-7% 

Talc ++ + 
-

,,!Ll:tl'LZ + ++ + ++ ++ ++ 

~li c:.1 ++ ++ + ++ ++ ++ ++ ++ 

Knolinite + + ++ + + + 

Culcite + ++ + 

Dolomite ++ ++ ++ 

Pla::.tcr of Paris 
(bass:.1nitc) ++ :-+ ++ ++ ++ ++ 

i\b .) 01' constituents arc indicated b y ++· minor constituents b y +· wei ·ht g p ercenta g cs 
(chrysotile and tremolite) were determined by step-scanning x-ray diffraction. 

(Jl 

C,J 

10 11 12 

5-10% 5-8% 

4-7% 

++ 

++ 

++ ++ 

+ + 

++ ++ ++ 

++ + 

o·' nsbes· ·os minerals 

13 1 11 1 

10-15% 8-
n 

8-12% 2-3% 

++ ++ + 

++ 

++ ++ ++ 

+ 

++ ++ ·+ 
' 



Table C 2 

PERSONAL SAi'IT'LES - DRY WALL TAPING cmIT'omms 

Concentration 
Operation (fibers/ml) 

Pole Sanding of Dry Wall Taping Compounds 1.2 
II II " " If If II 10.6 
II If If II II If II 11.6 
If II " If II II II 8.6 
II II II If If II II 15.4 
If II " II II II If 18.3 
If II If If If " If 2.4 
II II ,, II II " II 19. 3 
II " II " II II II 2.6 
II II II II " II If 8.9 

Concentration 
Background to Pole Sanding Distance (fibers/ml) 

Air sampling in same room 8 ft. 2.5 
II II II II II 8 ft. 19.8 
II " If II " 10 ft. 3.5 

Air sampling in adjacent room 21 ft 0.7 
" II II II If 25 ft. 8.8 



Table C 3 

PERSONAL SAfiPLES ,.. DRY WALL TAPLNG OPERATIONS 

Concentration 
Operation (fibers/ml) 

Hand sanding of dry wall taping compounds 

" " II II II II II 1.3 
II II II II II II II 4.8 
" II II II II II II 5.0 
II " II " II II II 4.7 
II II II II II " II 2.9 
II II II II II II II 6.0 
II 11· II " II II II 1.3 
II " II II II II II 5.8 
II II II " II II II 6.5 
II " II II " II II 16.9 
II II II " II " " 3.2 

~ 

Concentration 
Background to hand sanding Distance. (fibers/ml) 

Air sampling in same room 8 ft. 2.1 ,, 
" II II II 8 ft. 2.5 

Air sampling in adjacent room 15 ft. 7.1 
II II II Tl " 15 ft. 1.5 



Table C 4 

PERSONAL S.hlrPLES - DRY WALL TAPING cmrromm 

Operation 

Mixing of dry wall taping compounds 
II 11 11 II II II 

Backsround to dry mixing 

Air sampling in same room 
II " II II II 

II II " II II 

Air sampling in adjacent room 
II II II II . II 

Operation 

Sweeping floors after sanding 
II II II 11 

Distance 

10 ft. 
20 ft. 

9 ft. 

16 ft .. 

35 ft. 

Distance from 
Sandin& 

0-10 ft. 
50 ft. 

56 

Time 
Lapse 

0 min. 
0 min. 

15 min. 
O min. 
O min. 

Concentration 
(fibers/ml) 

59.0 
35.4 

Concentration 
(fibers/ml) 

3.8 
13.1 
0.5 
2.1 
3.1 

Time Lapse 
(After S.:s.nding) 

35 min. 

Concentration 
·(fibers/ml) 

26.4 
15 min. 41.4 



Table C 5 

Age distribution of 114 drywall tapers 

Duration of exposure Total 21-30 31-40 41-50 51-60 61+ 
(in years) workers years years years years years 

0-4 6 3 2 1 - -
5-9 18 9 5 3 1 -

10-14 29 9 13 6 1 -
15-19 25 - 8 11 6 -
20-24 28 - 4 19 3 2 

25+ 8 - - - 4 4 

' 
TOTAL 114 21 32 40 15 6 

(18.4%) (28 .1%) (35.1%) (13,2%) (5.2% ) 



(.JI 

C0 

Dur~tion of ~xposure " 
(in years) 

Number of workers 
examined 

Table C 6 

Duration of exposure of 114 drywall tapers 

0-4 5-9 10-14. 15-19 

6 18 29 25 
(5%) (16%) ( 2 5%) (22%) 

20-24 25+ Total 

28 8 114. 
(25%) (7%) 



Table C 7 

X-ray abno:nnalities among 
108 Tapers (drywall construction) 

X-ray abnormality (ILO/UC Classification) 

Years from onset 
of exposure No. 0/0 0/1 1/0 1/1 1/2 2/1 2/2 

0-4 4 1 1 0 2 0 

5-9 15 5 2 1 7 0 

10-14 -2.5 J..--3. 2- . 6- ~3- -1 

15-19 28 9 8 7 3 1 

20-24 28 6 10 6 4 1 1 

25-29 8 1 2 1 4 0 

108 21 23 3 1 

Total abnormal x-rays (parenchymal changes)~ 44.4% 
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Table C 8 

PLEURAL FIBROSIS MIONG 108 DRY WALL TAPERS 

Duration from onset 
of exposure (years) 

Total 

10-J.4 

15-19 

20-24 

25+ 

X-ray abnormality >1/0 
(ILO/UC) + pleural 

60 

1 

3 

3 

1 

8 

Number of tapers with 
pleurai di3ease only 

1 

0 

3 

0 

4 



Duration from onset 
(in years) 

0-9 

(346) Insulators 

( 19) 'l'npcrs 

10-19 

(379) Insulators 

( 53) 'l'apers 

20-29 

( 57) Insulators 

( 36) 'l'npers 

'fable C 9 

Roentgenographic changes among asbestos insulation 
and drywall taping workers 

X - ray a b n o r m a 1 i t y (grade) 

0 1 2 

No. % No. % No: % 

310 89.6 36 10.4 0 0 

9 47.4 10 l 52 .6 0 0 
! 

212 55.9 158 I ! 41. 7 9 2.4 

21' 
I 

32 60.4 : 39.6 0 0 
' ! 
i 
i 
I 
~ 

11 19.3 35 161.4 7 12 .. ·3 

19 52.8 16 f 44.4 1 2.8 
! 

3 

No. % 

0 0 

0 0 

0 0 

0 0 

4 7.0 

0 0 



D. Titanium Workers 

1. Health status of titanium workers 

The International Brotherhood of Painter s and Alli ed Tr ades includes 

among its members worke:i:s who are involved in the manufacture of titanium 

pigment. With the assistance of the union, we examined 207 of such 

workers. This group was of interest in our pilot study because it 

allows the isolation of a group exposed to only one chemical that is 

in paint, titanium dioxide. In recent years, titaniUD dioxide (TiO2) 

has largely replaced white lead and zinc pigments in -che manufacture 

of interior and exterior white paint products. The titanium pigment 

is thought to be of low toxicity. In the manufacturing process itself 

and the application of paints containing titanilli~ pigr::ent exposure to 

the agent may occur. If pigment manufacturers with the highest exposure 

to this compound are found to be unaffected by it, then its safety can 

be reasonably assumed f or painters and others. 

The examination of this group of pigment workers was important in another 

way to our study of painting trades workers. This workforce has little 

exposure to the other compounds which are tn paints-- solvents, fungicides, 

pigments, etc. The results observed in these studies of titanium workers 

can serve as an internal control for the laboratory and questionnaire 

\ results observed among general painters. ,: ~· ~, \ ._, 
~ 2. Titanium pigment manufacture; description of the process 

(~'. ... ~,. \.:\J _ Titanium dioxide pigments are currently produced by t•.,.-o processes, the 

classical sulfate process and the recently introduced chloride process. 

The process used in the plant we studied was the sulfate process. In 

this process, the ilmenite ore is dried, milled and then digested in 16-

ton loads with sulfuric acid and water. When the temperature reaches 

about 160°c, a violent exothermic reaction occurs, releasing various 

fumes of sulfur oxides, and the mixture is converted to a por ous cake. 

The case is then extracted with water. Next the sulfate solution goes 

to clarification tanks, crystallization and concentration. Precipitation 
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tanks then receive the clarified solution, where the crystal structure 

is refo~med and the solution is transformed to a white pulp. The 

precipitate is allowed to settle and anhydrous titanium dioxide settles 

out of solution. This goes through a series of filters and is washed., 

leaving pure titanium hydrate. This is then fed into calciners, huge 

rotating tub-like ovens. This requires a half a day where the white 

'·. pulp dries to a powder and extreme heat develops its crystalline form i, u, 
\J1 t. \ 

and quality of opacity. During this process water and sulfur trioxide, Ci{J 
so3 , are driven off. The pigment is then ground to a uniform size of 

about 1 µ. During the entire process the workers are exposed to Ti02 

dust, various sulfur oxides and sulfuric acid fume and mist. 

3. Examination of workers 

Workers for examination were recruited from among the workforce at a 

titanium pigment plant in St. Louis, Missouri. Those with 20 or more years 

of experience in the plant were encouraged by the union to come in for 

physical examination. Tw<r---htmct-1~ect-and---seveff·workers-;'-or-··27% ·of the wo:ck­

force of 759 men were examined, including 52% of those with more than 

20 years of service in the plant. One hundred and twenty-nine of 254 

(51%) with 20-29 years of experience, and 35 of 63 workers in the plant 

(56%) with more than 30 years of experience, were examined. The examina­

tion was identical to that given the general painters in our survey, 

and included the questionnaire, physical examination, laboratory tests, 

pulmonary function examination, and x-rays that have been done in the 

rest of the country. Especially stressed in this part of the examination 

was the history of acute respiratory symptoms, history of cancer, and, for 

comparison with the general painters, history of central nervous system 

symptoms. 

An attempt was made to grade each worker's exposure to titanium dioxide 

dust, sulfur dioxides, sulfates, and/or sulfuric acid. All jobs in the 

* plant were given an exposure rating of 1 to 3 (see Table 1). The 

basis for these scores was published information about the process and 

the particular job classification of the worker. Each worker was given 

an index number for his total exposure to sulfuric acid and Ti02 , derived 

* The tables in this section are labeled "D- "and follow the end of this 
section. (page 71) 
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by multiplying the years of exposure at each exposure level by the weight of 

that exposure level, The job categories were then added together for each 

individual worker. Three categories were derived based on an index 0£ "low" 

(less than, or equal to 40), "moderate" (41-69) and "high" (greater than or 

equal to 70). 

Spirometric measurements were again made on the Systems Research Laboratory's 

predictive pulmonary screener, as with other examinations. Flow-volume 

curves were obtained, using a Vertek 3500 Fleish pneumotachygraph, recording 

both flow and integrated volume signals on a Hudson X-Y plotter, Each instru­

ment was calibrated in the laboratory before and after the survey and in the 

field against other instruments, as well as by using a calibrating syringe 

and known normal subjects. Workers were standing, and nose clips were placed. 

Unless the first flow-volume curve was normal, the best of at least three 

forced expirations was used. Spirometry was completed in 197 subjects, In 

25 subjects, only the FVC and the FEV
1 

were obtained, The predicted values 

of Morris et. al. were used for forced vital capacity (FVC) and mid-maximal 

expiratory flow (l\1MEFR). Other criteria for abnormality are indicated in 

the appropriate tables. 

Chest x-rays (14 11 x 17" P.<\ illms+--~--t--aken-on20-l-&f-t-he--207 workers who 

were examined, The chest x-rays were read by a panel of five experienced 

physicians, and the results coded according' to the I LO/UC pneumoconiosis 

classification. A consensus reading was used for statistical analysis. Stan­

dard laboratory tests ( 11 12-channel" and "6-chanI1el") were ru:1. on all workers 

enrolled in the examination. These tests were performed by the same labora­

tory which performed those for the general painters. A carcinom::i-embryonic 

antigen (CEA) test was performed by the Hoffman-LaRoche Research Laboratories. 

The resul 1:s were analyzed in relationsh;ip to smoking and inter-group compari­

sons were performed between the painters and the titanium workers. Sputum 

cytology was studied in the laboratory of Dr. Eugene G. Saccomanno. 

4. Clinical Findings - Results 

Age 

The mean age of all 207 workers was 51, range 28-66. 

Smoking. 

There were 91 smokers (44%), 72 ex-smokers (35%), and 38 people who had never 

smoked (18%). There was no difference in the prevalence of nonsmokers among 

the age groups (18% age less than 50 years, 19% age greater than 50 years) (Table 4). 

Similarly, there was virtually no difference in smoking habits among the groups 

with different durations of exposure (Table 2). This is especially true for 
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the distribution of nonsmokers among these categories. 

a. Pulmonary function and x-ray findings 

Changes in pulmonary function in relation to age, duration of exposure, 

smoking, and exposure indices were analyzed (Tables 2, 3). When the population 

was subdivided by smoking categories, no further significant differences in 

prevalence of airflow impairment with either longer periods of work or age 

categories under 50 and over 50 were seen. Forty-one percent of those who 

had never smoked were found to have airflow impairment. Of the nonsmokers 

over 50 years of age, 19% had airflow impairment. There were higher percentages 

among current smokers, and intermediate percentages among former smokers, an 

example of multi-factor interaction. A significant progression in the 

prevalence of airflow impairment existed for ~onsmokers in Grade 1 exposure 

as compared to Grade 3 exposure to Ti0
2
dust (O.Ol<p< 0.05). For Grade 2 

versus Grade 3 exposure, the significance level wasp= 0.1. Similarly, 

prevalence of airflow obstruction among nonsmokers significantly increased 

when grades land 3 and Grades 2 and 3 3xposures to sulfur oxide fumes were 

compared (p 0.01 in both cases). No significant differences in the pre-

valence of airflow inpairment were found among the smokers and ex-smokers 

for any of the exposure indices. (Tables 5 -6). 
b. Symptoms 

Our questionnaire included defaiTed quesflons on the occurrence of acute 

upper and lower respiratory irritation. Table 7 shows the prevalence of 

histories of such symptoms. Of note is the f~ct that 76% of the population 

had experienced some form of lower respiratory irritation. (70%, cough; 

41%, shortness of breath; 30%, the feeling of chest tightness; 12%, audible 

wheezing upon exposure to fumes, primarily those of the d:igestion reaction, 

or sulfuric acid mist). Nausea and/or vomiting commonly accompanied more severe 
exposures, as did dizziness and/or headache. 

The prevalence of airflow abnormalities among the 197 titanium workers who had 

undergone pulmonary function tests was examined in relationship to their 

history of acute symptoms from the irritants present in the workplace. Smoking 

habits were considered in this analysis. There was no significant difference 

in the prevalence of airflow impairment among the smoking categories in which 

no symptoms of acute respiratory irritation were found. In the group with 

histories of lower respiratory symptoms due to the exposure to irritants, 

the prevalence of airflow ab::.ormali ties was significantly different between 
2 

smokers and ex-smokers (X = 6.29, 0.02:>p>o.01). This statistical difference, 

as well as those between the other smoking categories, is similar to that which 

was found in the entire population. 
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Within the smoking categories significantly different levels of prevalence of 

impaired airflow occurred between those with and without acute respiratory 
2 

symptoms only for the ex-smokers (X = 4.58, o.os>p>o.02). However, the 

numbers in many of these categories are small and the statistical significance 

expressed may have little biological meaning (Table 8). 

The prevalence of restriction of pulmonary volume was analyzed in relationship 

to the duration of exposure to the plant environm=nt. Since the prevalence 

numbers of this abnormality are small, smoking habits could not be considered. 

Dim:1nished vital capacity unassociated with flow abnormalities occurred in 

6% of the population (11 out of 179). "Mixed" abnormalities were more common 

occurring in 18/197 cases (9%) (Table 9). The more pronounced examples of these 

abnormalities were present in workers with severe obstructive pulmonary disease. 

The prevalence of chronic bronchi tis (cough and sputum, fulfilling the l\IRC 

criteria) among the 206 titanium workers from whom this histcry was obtained, 

was analyzed in relationship to the occurrence of acute symptoms from irritants 

and smoking habits (Table D-10). Smokers have a significantly greater 

prevalence of bronchitis than nonsmokers or former smokers (who do not 

differ from each other significantly in _!_h~s _respect. __ H_owey:~~. there is no 

significant difference in prevalence of chronic bronchitis within the smoking 

categories in relationship to the occurrence uf lower respiratory symptoms due 

to irritant exposure. Although the number of smokers and former smokers in 

the bronchitis categories are very small, it seems that smoking had a more 

pronounced effect upon bronchitis prevalence (cough and sputum) than did a 

history of symptoms due to irritant exposure. Such a history of symptoms did 

not significantly change the incidence of bronchitis among the different 

smoking categories. 

Of the 201 workers x-rayed, 28 (14%) had abnormal films (Table 11-13 ). In only 

one case was the degree of fibrosis greater than the ILO/UC category 1. 

Table 12 compares the radiographic findings by length of exposure to the combined 

titanium dioxide/sulfur fumes. While the group with more than 30 years 

exposure tended to have a higher prevalence of abnormal x-rays, these numbers 

were small and did not reach the p < 0.05 level of statistical significance. 

The x-rays were also analyzed in respect to the workers' smoking histories. 

In Table 13 , the effect of cigarette smoking upon x-ray results can be seen. 

Current smokers tended to have higher prevalence of abnormal x-rays than 
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e~-smokers er non-smokers. The p < 0.05 level of significance again was not 
2 

quite reached (X = 3.37, 0.1 >p> 0.05. The single- case with a more advanced 

pneumoconiosis (Grade 2/1) had no history of asbestos or silica exposure. 

The relationship of diminished pulmonary volume to x-ray abnormalities is shown 

in Table 14. The numbers are small, but no clear pattern of restrictive 

disease in relationship to x-ray findings can be seen. It should be remembered 

that the majority of those workers with diminished vital capacities had flow 

abnormalities as well, representing people with, primarily, chronic obstructive 

pulmonary disease. 
c~ Other findings. 

Other acute symptoms 

Of interest in respect to a comparison with the general painters in the fact 

that few central nervous system symptoms were found among any of the titanium 

workers. Exposure to central nervous system toxic substances (solvents and 

vapors) occurred in two plant operations -- painting, and bonding of rubber to 

pipes. In restoof the operations, a few workers reported dizziness, lightheaded­

ness and/or headache and nausea and vomiting along with the respiratory symptoms 

which occurred on exposure to the digestion fumes. (Table 7, ). 

Anemia 

Since the general painters are exposed to numerous solvents, one of which may 

be benzene-containing toluol, a pgc~ed cell volume was performed on all 

painters. The titanium group serves as an internal control in this 

study. The prevalence of anemia among the titanium workers as measured by 

packed cell volume (<42%) was 12% (26/207). 

Sputum cytology and history of malignancy 

Only one of the titanium workers had malignant cells category 4a (inconclusive) in thE 

sputum cytoloky test,: In another section of this report, the distribution of 

the cytological abnormalities in relation to smoking habits is compared with the 

distribution of abnormalities found in the rest of the population examined. 

A history of malignancy was obtained from two of the workers, one who previously 

had had a skin cancer removed, and the other who had had a bladder cancer removed. 

Liver Function Tests 

The prevalence of specific liver function test abnormalities was analyzed 

in relationship to duration of exposure to the titanium pigment operation. There 

was no significant variation in the prevalence of these abnormalities with 

length of exposure to the precess (Table 15). In addition, there was no significant 

difference in the prevalence of these abnormalities in this population as 
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compared to a population of 400 controls (Table 16). The abnormal liver 

function tests did, however, vary significantly with the history of alcohol 

consumption obtained from the worker (Table 17, 18). Sinca no significant 

differences in drinking habits among the groups with different work exposures 

were found, the variations among work group categories (duration of exposure) 

are most likely due to the distribution of alcohol intake among them. 

Dermatitis and skin irritation 

Irritation of the skin and/or burns from sulfur oxides and sulfuric acid 

had occurred in 10% of those examined. Four workers who worked with amine 

compounds used in one part of the pigment manufacturing process also 

reported skin irritation. Other problems occurred sporadically among 

the workforce and are listed in Table 1~ 

s. Significance and discussion 

The physiological history of Ti0
2 

is one of inertness. In the process 

of the preparation of Ti0
2

, workers are exposed to high concentrations 

of the dust. Since its particles vary in size between 0.1-1.0µ, they easily 

reach the alveoli. 

A review by Sroka described an intense fibrous pulmonary reaction and 

x-ray findings that could not be differentiated from the early ~tages of 

silicosis. However, the prevalence and incidence of such observations 

was not recorded. Ela et. al. studied two biopsy cases and one autopsy 

case in three workers from a Tio
2 

processing plant in Finland. The 

two biopsy cases had experienced nine years of exposure to Ti0
2 

and complained 

of a productive cough and dypsnea, aggravated by dust in the plant. Both 

were smokers. The autopsy was performed on a 38 year old man with a history 

of old tuberculosis, who had drowned. He had worked in the titanium 

industry for about 9 years. Studies showed that significant amounts of 

Ti0
2 

may accumulate in the alveolar epithelium and in neighboring connective 

tissue. Electron microscopic examination demonstrated that Ti0
2 

particles 

were phagocytized by the alveolar macrophages and accumulated within their lyso­

somes, possibly resulting in lysosomal breakage and release of lysosomal hydro­

lases. In addition, a greenish color of the pulmonary surfaces was seen in places 

where large accumulations of pigment were found, as well as slight increases in 
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connective tissue in the pleura, sub-pleura, and alveolar septa. There 

were some bronchiolar hyperplastic changes. However, no evidence of a 

specific lesion being produced by Ti0
2 

was reported. Other metals may have 

been present, but these wera not analysed. 

Lahmann and Zerget four:d no evidence from the histologic study of organs 

from animals fed 'l'i0
2 

£or periods of up to 16 month3, of any tissue cha.:1ge 

or of appreciable quantities of titanium in the tis3ues, and they concluded 

that titanium is not absorbed from the gastro-intestinal tract. 

Ereaux reported that the oral administration of large quantities of titanium 

salts mixed with the ciiet did not have any toxic effect, but actually caused an 

improvement in h:ialth. Vernetti-Elina studied t!"le chronic toxicity of Tio 2 
• administered by mouth, by subcutaneous injection and by inhalation in varying 

dosages over periods of 1-2 months. The results of the administration 

by mouth and subcutaneous injection were essentially negative, but while 

inhalation of the dust for 8 hours a day for 30 days caused no appreciable 

disturbance of health, there were some pulmonary lesions. The lungs showed 

an increase in the connective tissue of the stroma and medium bronchi; the 

peribronchial glands showed some hyperplasia. Christie et. al. studied 

rats which inhaled Ti0
2 

dust for approximately 8 hours per day, five days 

per week for as long as 13 months. They s_howed retention of the dust in 

the lungs, and that the particles were phagocytosed and carried to the sump 

area in the subpleural areas and in the regions of the alveolar ducts. 

Here the pigment remained intracellular within the macrophages with some 

slight lymphoid proliferation. There were small focal areas of emphysema 

in relationsh~p to the larger deposits of dust. There was no evidence 

of any specific lesion. 

Exposure to sulfur dioxide is not limited to operations where it is 

used. Its prominent biologic effect in man, severe irritation, is produced 

by the conversion of sulfur dioxide to sulfurous acid on contact with 

moist mucus membranes. 

Chronic exposure to sulfur dioxide is widespread in industry; however, 

the toxicity to the respiratory system is not well known. In most industrial 

situations, as at the titanium pigment plant, the exposure is to a mixture 

of sulfur dioxide, sulfuric acid aerosol, particulates, sulfates, and 

other oxides of sulfur. 
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The workers examined in this study were exposed to both particulate Ti02 
and to sulfur oxides and sulfates. There was significant prevalence of 

obstructive airway disease. It was not possible to determine the 

relative contribution of the titanium and sulfur oxides, since most 

workers had exposure to both. In the population as a whole and especially 

those who had never smoked, a significant amount of airflow impairment was 

found (49% and 41 % respectively). Where exposure levels could be separated, 

the workers who had higher exposures to either titanium dust of sulfuric 

acid or sulfur oxide fumes, in the nonsmoking category did show significant 

prevalence of airflow impairment. The level of exposure as judged by 

the history of any episodes of acute symptoms, however, did not have an 

effect upon the incidence of airflow impairment among nonsmokers. The 

influence of this exposure level (a history of high exposure reflected 

in pulmonary symptoms) did not affect the incidence of chronic bronchitis 

between the smoking categories. The radiologic data indicate that the 

titanium dioxide dust is probably not altogether biologically inert. 

However, its f i brogenous prop.e.I:ti.eS-appeal!-to--be--less---t-h-an-- other· pneumo­

coniotic dusts and the radiologic disease less severe. The relationship 

of smoking and the chest x~ray abnormalities suggest a co-factor role 

for Ti0
2 

and cigarette smoke, since this combination tended to produce 

more severely scarred lungs on the x-rays. A small prevalence of 

restricted pulmonary disease was found (6%) and a higher prevalence of 

"mixed" restriction and obstruction (9%) was found. 
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Job Classification 

Dry ~.Iilling 

Digestion 

Clarificatio.:'! 

Crystaliza:tion 

Washi!:!.g 

Precipitation 

Dry C2.lcin2.tion 

Washing and Drying 

Wet Milling-Micronizer 

Grinding and Packir-g 

Acid Manufacture 

Warehouse 

General Plant Exposure 

Trtble D-1 

Zx:;,osu.re 
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2 

3 

3 

2 

2 

2 

2 

3 

1 

2 

3 

1 

2 

2 

1 

3 

2 

2 

2 

3 

1 

3 

2 

1 

3 

1 

2 
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Table D-2 

Prevalence of airflow impairment** among titanium pigment 
workers according to duration of exposure and smoking habits 

Duration of 
exposure 
(years) Smokers Ex-smokers* Non-smokers 

< 20 9/19 (47%) 3/9 (33%) 3/5 (60%) 
mean age: 44 

20-29 31/53 (58%) 21/50 (42%) 10/26 (38%) 
mean age: 51 

~-- 30 9/16 (56%) 6/13 (46%) 2/6 (35%) 
mean age: 58 

49/88 (56%) 24/72 (33%) 15/37 (41%) 

* Ceased smoking more than 2 years earlier 
** Airflow impairment: MMF ~ .79 predicted, FEV/FVC .,s'.74 %, FEF50/FVC ~ .69 

Smokers vs. Non-smokers: 
Smolrnrs vs. Ex-smolrnrs: 

p < .1 
p < .01 

Differenc.es in prevalences of airflow impairment with duration of worlc: p > .1 

Total 

15/33 (45%) 

62/129 (48%) 

17/35 (49%) 

9£1/197 (48%) 



Age 

< 50 

50-59 

> 60 

Table D-3 

Pre:valence of airway obstruction in 
titaniwn pigment makers by age 

i'IO • Prevalence of airflo-,': 

76 27 (36%) 
p < .005 

100 57 (57%) 
p < .75 

21 13 (62%) 

* Abnonnal pulmonary flow para.raeters: 

FEV1/FVC ~ .79 predicted 

?IE\IF ~ • 79 predicted 

FEF 50/FVC ~ • 69 
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Table D - 4 

Prevalence of airway obstruction in titanium 
pigment makers in relation to smoking habits and age 

Age< 
No. 50 years 

current smokers 88 (45%) 39/75 (52~) 

* Ex-smokers 72 (36%) 23/77 (30:c) 

Non-smokers 37 (19%) 14/76 (18:c) 

* Ex-smoker: smoking discontinued;;?!, two years earlier 
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Age). 
50 years 

49/111 ( 44%) 

49/131 (37%) 

23/121 (19%) 



Table D-5 

Prevalence of impaired pulmonary function in 
relation to Ti02 dust exposure and smoking 

Exposure category I II 

Smokers 19/37 (51%) 25/40* (65%) 

Ex-smokers 8/20 (40%) 20/45 (44%) 

Non-smokers 4/9 (44%) 11/27 (41%) 
>!< 

31/66 -C,.I7%) 57 /Il2-r5T¾T 

I ~ 40 dose years. 

II 41-69 dose years. 

III~- 70 dose years. 

III 

7/11 (64%) 

2/5 (40%) 

0/3 (0%) * 

-9/19 {47%) 

* prevalence of airflow impairment for non-smokers grade I vs. 
grade II .01 < p. < .05; grade II vs. grade III p = .01 
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Table D-6 

Prevalence of impaired pulmonary function in 
relation to sulfur oxides, exposure and smoking 

Exposure category 1' ... II III 

Smokers 

Ex-smokers 

Non-smokers 

* 

23/40 (59%) 

9/19 (41%) 

7/17 (41%) 

39/76 (51%) 

20/32 (58%) 

18/47 (65%) 

8/18 (44%)* 

46/97 (47%) 

9/15 (ti0%) 

3/6 (50%) 

0/3 (0%)* 

12/24 (50%) 

Prevalence of airflow·obstruction among non-smokers significantly 
different between exposure level I & II; (p = .01~ & II & III 
(p = .01) 
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Table D-7 

Prevalence of acute respiratory 
irritation due to exposures 

encountered in titanium pigment 
manufacture among 207 workers 

Eye irritation 

Nose irritation 

Throat irritation 

Chest symptoms 
(total) 

Cough 

Chest tightness 

Shortness of breath 

Wheeze 

Associated_ n?_u.s.ea 
and/or vomiting 

Associated dizziness 
and/or headache 

- 77 -

119 

71 

58 

157 

146 

62 

85 

25 

-30. 

• 9 

(57%) 

(34%) 

(28%) 

(76%) 

(70%) 

(30%) 

(41%) 

(12%) 

.(16..%-)... 

( 4%) 



Smokers 

88 

Ex-
smokers 

72 

Non-
smokers 

37 

Table D-8 

Prevalence of airflow abnormalities* among 
197** titanium pigment manufacturers in relation_ 
to the presence of acute symptoms from irritating 

gases, or fumes and smoking habits 

No history 
of acute lower­

respiratory symptoms 

History of acute 
lower respiratory 

symptoms 

Nl. Air- Impaired Sub- NL Air- Impaired 
flow airflow total flow airflow 

11 9 20 32 36 

... - . 
8 11 19 37 16 

6 3 9 18 10 

Sub-
total 

68 

53 

28 

Prevalence of impaired airflow: Smokers with acute symptoms vs. ex-smokers 
with acute symptoms: X = 6.29, 0.02 > p > 0.01 

Prevalence of impaired airway flow in ex-smokers without symptoms vs. 
ex-smokers with symptoms: X = 4.58 005 > p > .02 

*Airflow abnormalities: FEV/FVC = 74% or FEF 50%/VC~ 0.69 
l\IMEFR ~ 70% predicted; (if FVC _is > 80% predicted) 

**10 of the workers did not receive pulmonary function testing 



-.J 
C.P 

T t 1 o a 
years 

< 20 

20-29 

>--· 30 

Total 

Toble D-9 

P1·eva.lence of "restriction" of lung volume 
among 197 titanium pie;ment manufacturers 

FVC < 80% FVC < 60% 

N Pure* Mixed** Pure Mixed - -- --
33 0/33 1/33 0/33 0/33 

(0%) (3%) (0%) (0%) 

129 5/129 10/129 2/129 0/129 
(4%) ( 8 %) (2%) (0%) 

35 4/35 5/35 0/35 2/35 
(11%) (14%) (0%) (6%) 

197 9/197 16/197 2/197 2/197 
(4%) (8%,) (1%) (1 %) 

i 

Total 

1/33 
(3%) 

17/12 
(13%) 

11/35 
(31%) 

29/19 
(15%) 

*pure: FVC less than predictod; \ no flow abnormalities. 

9 

7 

**mixod: FVC loss than prod:lctcclj flow ubnormnlitics 
standardized for vitnl capnciti present (FEV1/FVC < 80%, 
or < 60% F'EF50/VC < .69 r 



ry:, 
0 

Table D-10 

Prevalence of cough and sputum (chronic bronchitis) 
among 206* titanium pigment manufacturers in relation 
to history of a.cute irritant symptoms and smoking 

No acute History of acute 
symptoms symptoms 

No bronchitis Bronchitis No bronchitis Bronchitis 

Smokers (91) 16 6 (27%) 22 40 29 

Ex-smokers (77) 18 1 ( 5%) 19 52 

Non-smol{ers (38) 9 0 ( 0%) 9 26 

Prevalence of bronchitis among: 
Smokers with symptoms vs. ex-smokers with symptoms p <} 0.01 
Smokers with symptoms vs. non-smokers with symptoms p <J .01 

No other comparisons significant 

6 

3 

(42%) 

(10%) 

(10%) 

No 

67 

58 

29 

Total 

bronchitis Bronchitis 

56 3!1 (38%) 

70 7 ( 9%) 

35 3 ( 8%) 

161/206 45/206 (22%) 



Total 

201 

0 

10 

20 

Table D-11 

ILO/iJC Pneumoconiosis Classification 
of Ti02 Exposed Workers X-rays 

0/0-0/1 1/0 1/1 1/2 2/1 

173 (86%) 19 (9.5%) 8 (4%) 0 1 (0.5%) 

table D-12 

Abnormal Chest X-rays and Length of Exposure 

length of total number number with 
exposure examined abnormal x-rays 

- 9 years 7 1 (14 .3%) 

- 19 years 17 2 (11.8%) 

- 29 years 134 17 (12. 7%) 

30+ years 43 8 (18 .6%) 

table D-13 

Abnormal Chest X-rays and Smoking History 

smoking number with 
history total abnorr.1al x-rays 

Non-smokers 37 2 (5 .4%) 

Former smokers 75 10 (13.3%) 

Current smokers 89 16 (18%) 

- 8 1 -



Table D-14 

Relation of x-ray changes to 
II restriction of lung volumes in 

201 titanium pigment manufacturers 

Normal lung volume Diminished lung volume 
(FVC) (FVC) ) 

57 
Normal 43 10 (16%) 

) 

dirty 4 

1/0 f 5 2 (29%) ) 

1/1 ( 2 1 (33%) ~ 
1/2 

8/11 f 0 0 ) 
11 

2/1 ~ 1 0 ~. 

Diminished lung volume: 
FVC < 80% predicted 
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Length of exposure 

Toble D-15 

Prevalence of alterations in liver function tests in 
207 titanium workers in relation to length of exposure 

Alkaline 
(Years) No. 

Total bilirubin 
> 1.1 SGOT > 40 SGPT > 53 LDH >52 Phosphatase > 85 

< 20 35 0 0 0 1 3% 4 11% 

20-29 135 8 6% 4 2% 3 2% 4 2% 27 20% 

> 30 ,,. 37 0 1 3% 1 2% 0 4 11% 

Total 207 8 4% 5 2% LJ. 2% 5 2% 35 17% 
(3*) (3*) (2*) (l*) (20*) 

No significant variation with length of exposure process. 

No significant difference from 400 controls. 

* Indicates number of men in whom alcohol intake may be a significant factor 



Table D--16 

Liver function ab:10!"::!alities in 400 a::i.bulatory 
patients with no history of liver.disease or 

vlnyl chloride exposure~ 

Biliruhin > 1.1 

23/400( __ ...,) 
;:J. I 'io 

SGOT > 40 

11/400(3 -c::.) 
• I '" 

Alkalir,e 
Phosphatase > 86 

* Observed primarily in annual health D~inteaencc surveys, 
Chemical studies were made in the same laboratory. 
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Table D-17 

Abnormal liver functions in 206* titanium workers 
in relation to drinking habits 

Alcohol intake 
** < 2+ 

Total 

Total 

118 

88 

206 

Abnormal 
liver functions 

19 (16%) 

27 (31%) 

46 

*l person: no history of alcohol intake 
available. 

**Alcohol intake ~ 2+: ~- 24 cans beerh:eek 
and/or~ 1 quart liquor/week 
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Table D-18 

Distribution of drinking habits among 206 titanium pigment 
workers by the duration of their exposure to titanium 

Alcohol intake < 2 

Duration of work 
in titanium manu-
facture Total 

< 20 35 20 (57%) 15 (43%) 

20-29 135 75 (55%) 60 (45%) 

~30 36 23 (64%) 13 (36%) 

Total 206 ll8 (57%) 88 (43%) 

No significant difference in drinking habits among 
the groups with different length of work in the 
titanium pigment manufacturing process. 
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Table D-19 

Skin Problems in 207 Titanium Pigment Workers 

Irritation and burns 
from sulfuric acid 
or sulfur oxide fumes 

Irritation from amines* 

Drying from solvents 

Antimony rash 

Fibrous glass rash 

Cement dermatitis 

Burn from steam 

Other dermatitis 

21 (10%) 

4 {2%) 

5 (2%) 

1 (0.5%) 

2 (1%) 

2 (1%) 

1 (0.5%) 

14 {7%) 

*Trimethanolamine and methyl isopropanolamine are used in the 
titanium process. 
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III. Perspectives for "ft;Iol'tali ty Studies. 

Two m'ortali ty studies are possible within the International 

Brotherhood of Painters and Allied Trades. One could include 

every member of the Brotherhood at any year of choice from 1967 

onward. These records are currently computerized ard available at 

the offices of the Brotherhood in Washington. For each member, 

active or retired, who dies, a death certificate is also on file 

and available for extraction and follow-up. This group would 

include more than 200,000 individuals, most identifiable by craft 

on the union records. The current breakdown of the active members 

of the brotherhood is provided in Table 1. This delineation by 

trade would allow subgroups to be separately identified in a mor­

to.li ty study conducted for the purpose Of· idenfTiyrn·g-liazards 

within specifi~d painting trades activities. 

A secona group suitable for study would include the approximately 

10,000 members of the Brotherhood in District Council 9, New York 

City. Here,also,records are computerized and available on any member 

who joined locals within the Council after 1960. A list of the 

membership in 1960 has been obtained and reviewed with a view to ascer-

taining the difficulty of tracing all individuals listed thereon. 

As similar records are maintained by the International, this review 

would also apply to the prospects of tracing individuals in the 

larger cohort available through the International Office. Appendix IV 

is a single sheet from these records to illustrate the information 

available, 
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An evaluation was made of the feasibility of tracing a painter cohort. 

Table 2 lists the status of 793 individuals of Local 51 (H. Y .) who were 

active members of the locDl on December 31, 1960. Of the 615 individ­

uals ,who had been members of the union for five or more years, 

information was unavailable on vital status on only 32. Thus, from 

available records, the status of 95% of a defined cohort can be de­

termined and hand tracing should increase this figure to at least 
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Table 1 

Active Membership 12-1-75 
IBPAT 

Painters 
Glaziers 
Sign Pain-ters 
Carpet and Linoleum 
Specialty 
Industrial 
Paint Makers 
Dry Wall 
Civil Service 
Scenic Artists 

Total 

90 

135,430 
22,228 

9,709 
7,328 
7,612 
3,877 
7,157 
2,945 
3,215 
1,196 

200,697 



Table 2 

Status of Members of Local 51 (NY) 
IBPAT 

Active members, 12-31-60 

Members with less than 
5 years seniority, 12-31-60 

Active members, 6-16-75 

Deceased, 1961-1975 

Suspended or out, 1961-1975 
(more than 5 years seniority) 

91 

793 

178 

365 

218 

32 



IV. Industrial Hygiene Evaluation 

A. Materials and Work Practices 

Appendix I is a list of various compounds in different paint 

materials according to the type of paint used (i.e. water-based 

emulsion, oil-based, epoxy, etc.). The exposure of workers to 

these various pigments, solvents, fillers, and other materials 

is delineated in Appendix II, where various work activities are 

described in different painting trades, and the materials listed, 

along with exposures to workers. It should be noted that while 

the spectrum of exposures in a given trade is extremely complex, the 

overlapping of differe:g!_Q?-inting_ acti vi tes , __ for example taping, 

spackle sanding, and painting, leads to an even greater multiplicity 

of exposures than indicated on the tables. When one considers in 

addition the effects of activities of other construction crafts 

(asbestos workers, welders, etc.), the problem is even compounded 

further. Appendix III provides information on the toxicity and 

carcinogenicity of some of the compounds to which painters may be ex­

posed, as well as analytical techniques for the sampling and analysis 

of the93materials. The list is limited; for many of these materials 

virtually no information is available. 

B. Industrial Hygiene Survey Criteria 

Two of the significant findings in the pilot clinical survey were 

the demonstration of widespread central nervous system effects and 

manifestations of exposures to mixed dusts. Thus, exposure to 

organic solvents and to various particulate aerosols 5 hould receive 

emphasis in any industrial hygiene survey. Concern for pigments also 
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exists, as several of these may have potential carcinogenic 

effe~ts. Finally, analysis of the work environments of new "exotic" 

pigment;, for example urethanesand epoxies, is wanting. Table l 

lists the materials to be evaluated in any industrial hygiene survey 

according to painting trade. 

Three phases are required in an industrial hygiene survey of 

painting trades. Phase one would include a further review of the 

industry. This would be accomplished by contact with industry 

sources and the International Brotherhood of Painters and Allied 

Trades. A comprehensive literature review should also be conducted, 

and sampling and analytical procedures determined for materials 

not included in Appendix III. Following this definition of the 

painting trades, sites will be selected at which walk-through sur­

veys will be conducted to determine tfie scope of painting activities 

and exposures present. The sites c'.-losen would.be representative 

of the various painting trades (general painting, steel painting, 

taping, sandblasting, etc.). The full scope of potential hazards 

should be evaluated in full-scale industrial hygLene surveys of 

several workplaces of each type of painting activity. 
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v. Summary and Recommendations 

The pilot study results detailed in the foregoing report clearly demonstrate 

the existence of significant health hazards in the painting trades. Some 

are potentially serious, and require urgent, detailed study, with appropriate 

corrective measures defined and instituted. 

Nevertheless, it is equally clear that these hazards are specific and identi­

fiable, making it unwise to broadly coat the entire industry with a broad 

"hazardous" brush. Thus, we found no evidence of an important continuing lead 

problem among painters. There was neither clinical nor laboratory evidence 

that such a hazard is likely to be significant. Skin diseases were by no 

means as common as might have been anticipated; apparently, industry concerned 

with this possibility had been effective in eliminating or preventing wide 

use of materials likely to have such effects. It was good to find, too, that 

individuals very heavily exp!Y.5ed,----4,e-4-i-t-a-ni-um--had-cot;rp-a-ra-ti-ve3:y - few abnormali­

ties which might be attributed to this metat, at least in clinical studies 

(long-term mortality evaluation remains to be accomplished). Finally, al­

though our experiences were insufficient to warrant any firm opinion, it is 

likely that even sandblasting, if undert~ken with appropriate precauti9ns, need 

not necessarily result in widespread, serious hazard. In part, these en­

couraging findings must remain tentative until they are confirmed by wider 

experience. Nevertheless, they do point to the need to evaluate the effects 

of each agent, material, trade and craft separately, to seek specific infor­

mation and to avoid blanket indictment. 

On the other hand, in a number of areas, unexpectedly potentially serious 

problems were encountered. Central nervous system effects were widespread 

and troublesome. The fact that they were also poorly understood ,and inade-

quately studied increases the seriousness with which they should now be con-
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-sidered. Asbestos exposure was found to be common; the results of this ex­

posure are not now known, but apprehension is surely warranted. Little is 

knovm about the carcinogenic or mutagenic potential of the many new chemicals 

now used in these trades; the painter's environment remains largely unex­

plored and unevaluated. Similarly, long-term toxicological effects of the 

materials being used is little known; most of the animal toxicity studies 

have been short-term, acute investigations. 

Recognizing the limited data base available for consideration, the following 

recommendations are made. The list as a whole must be considered tentative, 

since with this limitation, other hazards may· not yet have been identified 

and the recommendations of necessity therefore incomplete. With further ex­

perience, the relative weight given to the various recommendations might 

change. Nevertheless, for the present, the results of our studies would 

suggest that the following problems should be rapidly and effectively 

addressed: 

1. Control of asbestos hazards 

Control of asbestos exposure in the painting trades is urgently required. 

We have found widespread use of asbestos-containing materials, with the 

asbestos content of such materials often unknown to either the employer 

or the worker. In other instances, the asbestos is known to be present 

but its disease potential has been unappreciated. Examples have included 

spackle compounds used by general painters, taping and joint compounds used 

in dry wall construction, addition of asbestos to sealant compounds in 

factory manufacture, indirect exposure to asbestos materials used by other 

trades in the construction industry, demolition, maintenance, repair and 

waste disposal, and the continued use, in some areas, of surfacing mater­

ials containing asbestos in their formulations. Both industry and union 
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groups, together with NIOSH, can identify safe working practices, and 

substitutes where these are feasible. The results of the mistakes of the 

past will be with us for many years to come; it would be unwise to add 

to this burden. 

2. Work practices for.sandblasting 

There has been much useful input from industry, labor and from NIOSH 

scientists to work practices and standards needed for the control of 

silicosis hazards resulting from sandblasting. It is known that incom­

pletely controlled use of the procedure can result in rapidly progressive, 

fatal silicosis. Our findings equally suggest, however, that well con-

trolled use sharply decreases the hazard. Effective cooperation among 

the parties concerned in defining the most appropriate and safest work 

practices, and the measures needed for surveillance and control, can 

largely eliminate serious hazards from this trade. 

3. Measurement and analysis of occupational environ.ll!ents in the painting 
trades 

This is a matter of great urgency. There is virtually nothing known of 

many of the working conditions under which literally hundreds of thousands 

of men in these trades are employed in the United States. A variety of 

solvents are known to be toxic at specified levels; what these levels 

are in the painter's workplace have not been studied. Dusts have been 

little characterized and levels remain unmeasured, in large part. Even 

the nature of the chemicals present is generally unrecorded. It is un-

likely that appropriate control of occupational health hazards in the 

painting trades will be achieved without much more information concerning 

the environment in which the men work. 

4. Materials analysis 

Concomitant with and, in a sense, part of the environmental evaluation 

recommended in (3) above would be analysis of the materials utilized in 

the trades. Here, cooperation among industry (manufacturers and cora-
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pounders), labor, NIOSH and others would be important. Likely, much could 

be accomplished by review of available recorded data. In some instances, 

laboratory analytical programs would have to be undertaken, 

5. Central nervous system effects 

This is a major area, requiring urgent study. It is recommended that this 

be approached in terms of clinical neurology, behavioral toxicology and, 

in some instances, necessary laboratory studies. Investigations should 

include both short-term and long-term effects. As an extension, rela­

tion to accidents among workers should be considered, including accidents 

which might occur hours after.exposure. 

6. Lung disease in painters 

There is good reason to suspect that "mixed dust pneumoconiosis" is 

common among painters, as might be expected from our limited knowledge 

concerning their working conditions (silica, mica, talc, other silicates, 

asbestos, diatomaceous earth, titanium, etc.). It is not known :whether 

other inhaled agents (chemicals, gases, fumes) have additional influence, 

modifying or accelerating the dust effects. The frequency of abnormal 

x-ray and pulmonary function findings indicate that this problem requires 

rapid investigation. As an important first step, analyses should be 

made of the histological findings and inorganic dust burden of the lungs 

of painters. The necessary histopatnological and mineralogical analyti-

cal techniques are now well established and appropriate studies would rapidly 

give us the necessary information for evaluation of the hazard which may 

exist, and guide necessary corrective measures, 

7, Mortality studies 

Recent analysis by Guidotti and Goldsmith of the results of three very 

large scale studies of cancer incidence in a number of occupations (U.S. 

National C.ente:r for Heal th Statistics (death certificate data; ),death 
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certificate data of the Registrar General of Great Britain and morbidity 

data of the Social Security Administration) has demonstrated that con­

struction painters were the only group with significantly higher than 

expected deaths of lung cancer in each of the three studies and had over­

all cancer rates higher than expected. While these studies had methodologi­

cal difficulties and constraints (such as utilization of last occupation 

as recorded on the death certificate, for example) the data, taken in 

context with our ·findings, warrant urgent investigati0n of the mortality 

experience of workers in the painting trades. The techniques for this 

are well established (as, a retrospective-prospective cohort approach) 

and such studies should be mounted as soon· as possible. The results would 

provide info1mation concerning whether or not cancer hazards exist and, 

if they do, their nature and probable source. It is not known, for ex­

ample, whether the leukemia incidence among painters is increased or not, 

in association with benzene contamination of many of the solvents used 

by these workers. Too, the possibility-of multiple factor interactions 

with unexpected and unanticipated changes in cancer incidence is a matter 

of considerable interest in these complex trades. 

8. Carcinogenic potential of chemical exposures 

Some of the chemicals used in formulation of paints and other materials 

utilized in these trades are known to be carcinogenic, in animal studies. 

It is difficult to evaluate the hazard associated with them as a result 

of environmental exposures, because of the absence of data (see 3) above. 

However, this aspect of the problem may turn out to be of lesser concern. 

The carcinogenic potential for most of the chemicals used in these trades 

has simply not been studied, certainly not with currently acceptable 

laboratory techniques. It would be impossible to tackle all agents with 

equal dispatch and resources. Rather, concomitant with materials analysis 
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(4), priorities should be established for such testing. Included in 

such priorities evaluation could be such factors as number of workers 

exposed, level of exposure, suspected carcinogenic potential of the 

chemical configuration, known toxicity, known mutagenicity, etc. Here, 

the special expertise of carcinogenesis testing laboratories could be 

recruited. 

9. Mutagenic potential of chemical exposures 

It would be well to consider the mutagenic potential of the various 

compounds; including those considered in (8) above, utilizing newer 

bacterial mutagenesis test systems, and similar approaches. 

Consideration should also be given to the possibility of appropriate 

epidemiological studies aimed at obtaining info1mation concerning tera­

togenic and mutagenic effects of the chemicals being considered. 

10. Accidents 

Appropriate detailed studies of the etiological factors involved in the 

high incidence of accidents in the painting trades should be considered. 

This would include a detailed investigation of the incidence of both 

fatal and non-fatal accidents, relating to type of work, as well as eval­

uation of the possible influence of chemical exposures. Since neurotoxic 

and anesthetic-like effects are sometimes seen, the matter is of con­

siderable interest. Data are not available, for example, to evaluate 

the pertinence of suggestions that painters tend to have higher rates 

of automobile accidents driving home from work, as the result of their 

toxic on-the-job exposures. 

11. Long-term toxicological investigations 

Most toxicological studies concerned with the investigation of chemicals 

used in the painting trades, have been classical short-term toxic effect 

studies <t .especially with regard to the central nervous system and lung. 

101 



These should now be extended with long-term toxicological investigations. 

12. Educational programs 

In some instances, toxic agents are already known and the procedures 

necessary for their control have been identified. It would be advan­

tageous to look to the development of appropriate educational programs 

directed to the worker at the job site as well as supervision and 

management, detailing what is known of these problems and the measures 

needed. It is likely that union-industry cooperation in such educational 

programs would be particularly valuable, together with the participation 

of appropriate government agencies. As new information becomes available 

concerning other agents and trade practices, the existence of effective 

educational channels and programs would facilitate the necessary educa­

tional and control measures needed for the new problems, as well. 
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Appendix 1 

Materials used in paint products 

Acrylic Coatings 

Substituted polyacrylic and acrylate resins such as methyl methacrylate 
Plasticizing resins 
Pigments (if ena~el) 
Solvents - acetone 

Ref: 1, 6 

methyl ethyl ketone 
ethyl acetate 
butyl lactate 
ethylene dichloride 
toluol 
xylol 

Alkyd Coatings 

Resin 

Rosin 

(Polybasic acid [phi:halic anhydride, fumaric acid, 
ma1eic anhydride, succinic acid} 

(Polyh,.-dri c alcohols [glycerol, pentaerythri tol, 
· · glycols, sorbi toll 

(Drying oils 

Solvents, including coal tar hydrocarbons 
'turpentine 

Ref: 1, 6 

Amino Resin Coatings 

mineral spirits 
ketones 
esters 
alcohols 

Resin: urea and formaldehyde condensate (or) 
melamine and formaldehyde condensate 

Solvents, including coal tar hydrocarbons 
aliphatic hydrocarbons 
ketones 
esters 
alcohols 

Ref: 1, 6 
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Anti Aglae Paint 

Antialgae Agents 

Copper oxide 

Copper soap 

Arsenic oxide 

Copper sulfate 

Mercury soap 

7;: =et2llic copper 

,-:; 2.rsenic 

pent2.hydr2.te 

2~2 - Dihydroxy-5,5-dichlorodiphenyl methane 

or 2,2 - Methylene Bis (4-Chlorophenol) 

Ref: 8, 12 

Antifouling Paint 

Binder: rosin and synthetic resins such 2s ester gum 

Pigment: copper and mercury 
Solvent: aromatic hydrocarbons 

mineral spirits 

Ref: 1, 6 

Bituminous Coating 

1. Coal tar 
Solvent - aromatic hydrocarbons 

coal tar solvents 
Bitumastic pitches 

2. Asphalt 

chlorin2ted ~Jbber 
phenolics, including phenol­

formaldehyde 

Solvent - aliphatic solvents such as mineral spirits 
Bitumastic pitches 
Gilsonite 
Drying oils 
Resins 
Pigment 

3. Emulsion 
Bitumastic pitches 
Clay 
Water 

Ref: 1, 5 



b.teacn 

Oxalic acid 
12-16 --·. crystals/gal H2 o 

Rinse with 3 oz. B::>ra..s:/gal. H20 

Sodium hydroxide and hydrogen peroxide (1: 2) 

Laundry bleach 

1/2 pt/gal H 0 
2 

Neutralize with H2o and sand 

Permanganate - Bi Sulfite 

1 oz. sodium permanganate/gal H20 

Rinse with 3 oz. sodium bisulfite/gal H20 

Ref: 1 

Catalyzed bitumen-epoxycoatings 
coal tar pitches 
asphalt pitches 
epoxy resins 
poly amine and poly amid catalysts 

Power stirring following addition of catalyst 

Ref: 6 

Catalyzed epoxv coating 

Epichlorohydrin 
Bisphene>l A 

Catalyst - Polyami.ne 
Amine 
Polyamid 

Solvent - ketone/aromatic hydrocarbon mixture 

Ref: 6 



Catalyzed Phenolic Coatings 

Substituted phenol 
Formaldehyde 
Catalyst (Poly2.Jnines 
Resins (such as epoxy) 
Fatty acids 
Thinner - ketone/aromatic blends 

Ref: 6 

Chlorinate:i Rubber Paint 

Chlorinated rubber resin 
Resin modifiers such as alkyd resin 
Pl as ti ci zers 
Stabilizers 
Antimony oxide, if flame retardant 
Pigments, including phthalocyanine blue and green 

Solvents, including coal tar hydrocarbons 
aliphatic hydrocarbons 
ketones 
esters 
alcohols 
aromatic hydrocarbons 

Ref: 1, 6 

Chlorosulfonated polyethylene (Hypalon) coatings 

Polyethylene 
Chlorine 
Sulfur Dioxide 
Resins, such as phenolic 
Lead-containing alkaline catalyst 
Thinner - ketones and/or arol'latics 

Ref: 1, 6 



Emulsion paint - GENERAL FORMULA At'l"D CONSTITLfENTS 

% 
opaque pigment ..•..................•..................... 20 
extinder pigment ...............................•......... 15 
pigment clisparsant (phosphates, silicates)............... O .3 
p1·otective colloid....................................... 1.2 
1 at ex . . . . . . . . . . . . • . . . . . . . . . . . • . . • . . . • . . . . . . . • . . . . . . . . . . . . 40 
plasticizer* •.........••..•....•......•.••.•....•.•..•... 
11odifier* •........•.......•..•.....•....••......•....•... 
preservative ..•..•..••.••..........•......•......•..•..•• 0.5 
antirust agent*.......................................... 0 .1 
pH buffer ...............•......•........................• 0.1 
fungicide*. . . . . . . . . . . . . . . • . • . . . . . • . • • . . • . . . . • . . . . • • • • . • • • 0 .5 
coalescing agent (volatile plastizer).................... 2 .0 
defoamer .............••... -.............••••.....•....•.•. 0.5 
thickener* •.......•....•...........••....•......•....•..• 0.5 

freeze~thaw stabilizer*·································· 2.5 
H20. . . . . . . . . . . . • . . . . . . . • . . . . . • . . . . • . . . . . . . . . . • . . . • . . . . . . . 16 . 8 

*optional in some formulations 

Paint pigments 

White pigments 
Rutile titanium dioxide 
Anatase titanium dioxide 
50% Rutile titanium dioxide - calcium sulfate 
ainc sulfide 
30% Rutile titanium Dioxide - calsium sulfate 
lithopone . 
antimony dioxide 
zinc oxide 
35% leaded zinc oxide 
basic carbonate white. lead 
basic sulfate white lead 
basic silicate white lead 

White extenders 
silica 
barytes 
whiting 
wollastonite 
mica 
clay 
diatomaceous silica 
lucite 

Green 

Blue 

chromium oxide 
pigment green B 
phthalocyanines 

phthalocyanines 



Black 
l\Iineral black 
iron oxide 
graphite 

Yellow ochre 
umber 
sienna 

Red 

le ad chromate 
zinc chromate 
iron oxide 
benzidine yellow 
hansa yellow 
cadmium yellow 

Red lead 
cadmium red 
toluidine 
iron oxide 
chlorinated paras 
naphthols 
para red 

Thickener - Emulsions 
Methyl cellulose 
Hydroxyethyl cellulose 

SB > Alkali soluble proteins 
Acrylic.....---> Acrylate salts 

Casein 
Cellulosics 

Orange 
Benzidine ora."'l.ge 
Dini traniline 

C3rboxymethyl cellulose - Nonspecific thickener 

Driers 
4% Ca 
6% Co 
6% Mn 
6% Zr 

24% Pb 

Usually 1-2% by weight of solids 

Usually furnished already dispersed in water 

Coalescing agents 
Carbitol 
Carbitol acetate 
Hexylene glycol 
Butyl cellusolve acetate 
Butyl carbitol acetate 

Fungicides 
Phenyl mercuric salts 
Copper & guinolate 
Tetrachlorophenol 
Zinc oxide 
Tri-N-butyl tin 

G 



Freeze thar1 inhibitors 

Buffer 

non-ionic emulsifiers 
N-coco beta amino butyric acid 
polyalkylene plyamines 
polysubstituted phenates 
modified glyceryl monoricinoleate 
urea 
thieurea 
barium compounds 

,·1mnonia 

7 



Emulsion Masonry Paint 

(:arboxymeth;yl cellulose ( '1400) 3% solution 

(1200) polypropylene glycol 

wetting agent 

lecithin-water dispersible 

ethylene glycol 

ti taniwn dioxide - 1·utile 

calcium silicate 

fungicide 

water 

carbitol 

polyvinyl acetate copolymer 

Styrene-Butadiene Emulsion 

White Wall Finish 

gal. 

20 .o 

.3 

.1 

.3 

2.0 

7.1 

2.9 

0.5 

25c0 

1.8 

38.0 

100.0 

Gal. 

Titanium Dioxide - Rutile ..............•.........•................ 6 .4 

Clay .....••.......................................••.............. 5.6 

Talc ..........................................•................... 3.2 

Casein solution (10% casein) .•......•.•••.....•.•.....•......•..•. 15.6 

Lecithin (H20 dispersible)........................................ .6 

Morpholine........................................................ .1 

Deforuner..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1 

H2 0 .•.••••••••••••••.••••••.••••.••...••••.•.••.••••.•.••••.•••••• 14 .4 

(Styrene-Buthdiene Latex (487,, solids) ............... . ............ .41 .6 
(Ethylene Glycol .................................................. 2 .0 
(H2 0 •••••.•••••..••••..............•••••.••••.•..••••.•.•.•••••••. 10.3 

},lay contain: A long oil Soya Alkyd Plus 
Driers (301G/100 gal.) 
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Polyvinyl acetate emulsionso 

Accoustical tile finisho 

Titanium dioxide (anatnse) 
Calcium carbonate 
Talc 

PVA latex (copolymer 55% NVM) 

Hydroxyethyl cellulose 300 cp (10% solution) 
Dispersant - 25% solution 
Ethylene glycol 
Defoamer 

Water 

Cedar shake coating 

Titanium dioxide-rut:Lle semi-chalking 
Calcium carbonate 
Talc 
Lecithin 
Dispersant 
Carbitol acetate 
PVA latex (copolymer 55% solids) 
Water 
Hydroxyethyl cellulose 2% solution 250 cp 

Oil/Water Emulsion 

Linseed oil 
Water 
Emulsifier (lipophilic--dissolvecl in linseed oil 
Emulsifier (hydrophilic--dissolvecl in water 
Thickener 

Ammonia hydroxide added to adjust pH 

9 

gaL 

L55 
29000 

3o80 

22.00 

4 0 03 
1.65 

. 75 

.25 

35.47 

100.00 

gaL 

5.00 
3.30 
3,15 

.38 

.25 

.25 
39.16 
41.50 

6 o (X) 

100.00 

Parts 

70o0 
30,0 

.14 
oOG 
.06 

100.26 



Oil Emulsion Exterior Paint 

Water 
Wetting agent 
Pottassium polyphosphate 
Ethylene glycol 
Titanium dioxide-rutile 

an:itase 
Talc 
Zinc oxide 
Fungicide 
Defoamer 

Wetting agent 
Car~oxy ethyl cellulose 15000cp 2.5% 
Emulsified linseed oil (60% solids) 
Lead drier 23% 

Casein 

cobalt 6% 
manganese 6% 

solution 

lb. 

Whiting •......••••..••......••.•••..•.•. 50 
Clay •.......••••••.•.•.......•..••••..•. 20 
Dextrin . . . . . . . . . . . • . . . . . . • . . • • • . • • • . . • . . 2 
Casein •......•.••.•••.......•••..••••.•. 12 
Lime .•......•..•...•..•.....•••.•••.••.• 15 
Trisodium Phosphate •.••...•..•••.•..•.•. 1 
Bichloride of mercury. . . . • . . • • • • . • . . • • . . 1 oz . 

10 lb. blended ingredient/1 gallon H20 

10 

lb. g ;:l. 

205.0 24.6 
4.0 0.5 
5.0 0.4 

10.0 1.1 
175.0 5.0 

50.0 1.6 
50.0 2.1 

.25.0 2.8 
2.0 0.2 
2.0 0.2 

16.0 2.1 
130.0 16.7 
340.0 41.6 

7,0 0.8 
2.0 0,2 
2.0 0,2 

1115.0 100.0 



Acrylic Emulsion 

A typical acrylic exterior emulsion paint formulation is as follows: 

Acrylic Exterior Emulsion Paint 

Wetting agent 
Defoamer 
Water 
Titanium dioxide-rutile 

anatose 
Mica-water ground 
Calcium carbonate 

gal. 

2.0 

Hydroxyethyl cellulose (4000 cp) 2% solution 
Ethylene glycol 

.2 
6.0 
6.0 
1.2 
1.2 
3.8 
6.0 
2.6 

Acrylic latex {46% NVM) 
Preservative 
Defcamer 
Water 
Ammonia Hydroxide (28%) 

Typical Polyvinyl Acetate Emulsion Primer: 

Diethylene glycol monoethyl ether 
4000 cp methylcellulose 
Water 

68.9 
1.0 

.2 
1.0 

.1 

100.0 

gal. 

3.0 
.6 

4.9 
Preservative sodium salt o-phenylphenol .1 
Dispersing agent .1 
Wetting agent :3 
Polypropylene glycol (1200) .3 
Dibutyl phthalate 2.1 
Clay 1.7 
Titanium dioxide-rutile 
Water 
Polyvinyl acetate homopolymer 

11 

2.9 
28.0 

6.0 

100.0 



Baking Primers - Emulsions 

Ref: 2 

Grav Baking Primer 
(water soluble) 

Titanium dioxide-rutile semi-chalking 
Barytes 
Strontium chromate 
Potassium tripolyphosphate 
"Nonionic dispersant" 
Tungoil-fumaric acid adduct vehicle 
Carbon black dispersion 
Emulsifier 
Manganese drier (5%) 
Defoamer 
Cellosolve 
Water 

Baking Red Primer 
(emulsi:,'1 type) 

Red iron oxide 
China clay 
Barytes 
Tamol 731 (25%) 
Ben-a-gel 
11
Nonioni c dispersant 

11 
(20% ethyl alcohol) 

Styrene-butadiene latex 
(40% solids - baking type) 

Nonionic wetting agent (50%) 
Manganese drier 5% 
Methylcellulose 15cps. (5%) 
Water 

12 

gal. 

3.5 
3.3 
1.2 

.2 

.2 
58 .8 
1.5 

.1 

.4 

.1 
2.6 

28.1 

100 

gal. 

1.7 
3.3 
3.9 

_._4_ 
.1 
.2 

74.4 

.7 

.7 
2.0 

12.6 

100 



Epoxy Resin Paint 

Resin - epichlorohydrin and bisphenol A 
Drying oil of fatty acid (linseed oil) 
Solvents, including coal tor hydrocarbons 

aliphatic hydrocarbons 
ketones 
esters 
alcohols 
aromatic hydrocarbons 

Ref: 1, 6 

Flock 

Flock-rayon 
cotton 
nylon 

Adhesive - water soluble glue 

Ref: 1 

natural or synthetic enamel 
lacquer 
rubber-based 

Fluorescent Paint 

Flu-:)rescent dye 
Polyacrylic laquers 
Pigments: 1 or 2 of following - zinc sulfide 

cadmium sulfide 
strontium sulfide 
cal.cium sulfide 

Solvents: ketones 
lacquer thinner 

Ref: 6 
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Metallic Paint 

Pigment: Aluminum flakes 
Copper flakes 
Zinc fla'.-.es 
Tin flakes 

Vehicle: Oleoresinous & synthetic varnishes 
Long oil varnish (aluminum paint) 
Short oil varnish (aluminum enamel) 
Nitrocellulose lacquer 
Bronzing lacquer 
Asphalt & tar--based varnishes 

Ref: 1, 6 

Nitrocellulose coatings 

Nitrocellulose 
Resins, such as Alkyds and Polyacrylics 

Acrylics 
Phenolics 
U/F 
Vinyl 
Amino 
Polystyrene 

Plasticizers - Castor oil 
Linseed oil 
Rapeseed oil 
Tricresyl Phosphate 
Dibutyl Phthalate 

Solvent & Thinners: Acetone, benzine, ~IEK, ethyl acetate 
amyl acetate, zylene, butyl alcohol, 

methyl amyl ketone, ethyl lactate, 
butyl propionate 

Pigments 

Ref: 1 

11 



Oleoresinous Ccetings - Representative Formulations 

Resins: 

Vehicles: 

Congo copals 
Kauri copals 
Boca resins 
Damar 
Sandarac 
Rosin 

Tung 
Linseed (metallic driers incorporated during curing) 
Soybean 
Perilla 
Oiticicia 
Fish oils 

Solvents: Turpentine 
Mineral spirits Aliphatic hydrocarbons 

Driers: Organic salts of Co, Pb,Mg,Ca,Zn, (2-5% of formulation) 
only Co,l\lg are active driers 

Flatteners: Zinc stearate 
Aluminum stearate 
Silica Aerogel 

Pigments: Opaque white fillers & extenders - Titanium dioxide 
Zinc oxide 
Ll.thopone 

Inert transparent - Calsium carbonate (whiting) 
Barium sulfate (Paryte) 
Al&Mg silicate (asbestine) 
Silica 
Al stearate 

Opaque color pigments - umbers 
Siennas 
Chrome yellow 
Ultramarine blue 
Prussian blue 

15 
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Oil Base Exterior Paint 

White pigments 
white lead 
lead sulfate 
zinc oxide 
lithopone 
titanium dioxide anatase 

rutile 
brookite 

Extenders Titanium calcium 
calcium carbonate 
silica 
calcium sulfate 
barium sulfate 
magnesium silicate 
aluminum silicate 
mica 

Colored pigments 
sienna 
umber 
ochre 
oxides - zinc oxide 

basic leaded zinc oxide 
ultramarine blue 
iron blues - prussian, chinese, malori 
chrome oxide 
lamp black 
vine black 
carbon black 
drop black 

ref: 1, 6, 8, 12 
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Paint and varnish remover - solvent type 

1/2 gallon benzol 
1 quart acetone 
1 quart 188 or 190 proof denatured grain alcohol 
1/2 lb. paraffin wax 

siethylene chloride may be solvent if nonflammable mixtu1·e is desired. 

Other stripping agents 

Phenols 
Cresols 
Organic acid catalyst 

Ref: 1, 12 

Plastisol Coatings 

R>lyvinyl Chloride 
Heat & Light Stabilizers 
Plasticizers: nondrying 

Ref: 1 

Polyester coatings 

Polyester resin 
Styrene 

chemical - phthalic anhydride 
sebacic ·anhydride 
phosphoric acid esters 

resinous - alkyds esterified with 
ethylene glycol or 
glycerol alcohol 

Methyl ethyl ketone peroxide catalyst 
Accelerator (cobalt naphthenate) 
Fibrous glass 
Solvent - ketones 

Ref: 6 17 



Polyurethane Coatings 

1. Two-~omponent polyol-cured formulation 
par ti ally polymerized polyi socyanate-polyol fr2.ction 
polyol fraction containing pigment 

2. One-package moisture-cured formulation 
diisocyanate (prepolymerized with polyol) 
moisture from atmosphere 

3. Oil-modified formulations 
diisocyanate completely reacted with polyalcohol esters of drying oils 

Solvents - ethyl acetate 
butyl acetate 
ketones (MEK, l\IIBK) 
alcohols 
aliphatic hydrocarbons 

Ref: 1, 6 

Silicone and Silicone Alkyd Paints 

Silicone resins, may contain metallic pigment 

Solvents, including coal tar hydrocarbons 

aliphatic hydrocarbons 
ketones 
esters 
alcohols 
aromatic hydrocarbons 

Ref: 1, 6 

Shellac 

Lac 

Alcohol solvent - special denatured alcohol #1 
100 gallons ethyl alcohol 

Ref: 1 

5 gallons methyl alcohol 
proprietary denatured alcohol 
100 gallons 190 proof 
2 gallons denatured wood alcohol 
1 gallon ethyl acetate 

1 gallon petroleum hydrocarbon (aviation gas) 



Special Effects Coatings 

Wrinkle finish 

1. synthetic enamel (usually alkyd) 
2. oleoresinous varnish 

Hammered Effect 

aluminum powder 
toluol, xylol 
vehicle: varnish 

long-oil alkyds 
short-oil alkyds 
resin-modified short-oil alkyds 
styrenated alkyds 
nitrocellulose utilizing silicone additives 

Multi-Color Emulsion 

water 
plastic sacs containing lacquer en~~el 

Ref: 1 

Stains 

Water stains 

Water soluble dyes 
Alcohol or other solvent 
Water 

Oil stains 

Solvent: Benzol 
Napi.i.tha 
TQluol 
Turpentine 

oil solution, linseed or varnish· 
oil soluble dyes 
pigments, ground in oil 

Non-gra~n raising stains (NGR) 

Solvent: Alcohol 
Glycol 
TOluol 
Acatone or other ketones 

Dyes 

Spirit stains 

Ref: 1 

Alcohol 
Aniline Dye~~ 
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Vinyl and Vinyl Copolymers 

Vinyl copolymer resins (such as polyvinyl chloride-polyvinyl acetate) 
with or without short-oil alkyds (or) modified epoxy resins 

Short-oil alkyds modified with semi-drying or non-drying oils 
.4cryli c resins 
Pigments 

Solvents include: ketones 
esters 
chlorinated hydrocarbons 

Ref: 6 

Wood fillers 

Paste fillers 

12 parts (by measure) Boiled linseed oil 
6 
1 

Drier 
Turpentine 

Silex (silica) for desired consistency 
li~seed oil may be replaced by alkyd drying 
thinned with VM ~1~aphtha-· 

Putty sticks 

Wood dough 

White lead putty 

4 lb. white lead paste 
1 lb. whiting 
1 t. Drier 

Caulking 

Water putty 

Ref: 1 
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Zinc Primers and Coaters 

1. Three-package system (post-cure) 
water solution of sodium, potassium or lithium glassy silicates 
finely divided zinc dust (sometimes containing lead dust) 
acidic curing solution 

2. Two-package system (self-cure) 
alcohol or cellosolve ester solution of silicate esters, 

such as tetraethyl silicate 
finely divided zinc dust 

Ref: 6 
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Appendix 2 

Paint products and their methods of application 
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Nitrocellulose 
Lacquer/enamels 

ref:1,6, 16 

Ketones 
Aromatics 
Esters 
Alcohols 

I 
Acrylic Lacquer/enamel IKetones 

)Esters 
,Chlorinated Hes 

ref: 1, 4, 16 l1acquer thinner 
t 

Ir:.dustrinl, )lainting 

Clca:1 --·:·. :l;,.;,_/ _·,: 
Di l u.:: r: L :, 

Lacquer Solvent \metal products 
(blend of esters, ! furniture 

I 
ketones, 

I o 

---------··-------·•··-------· i -------·---···-·-1--------------. - . 
: 13rush 
i Spray 
I • 
; Dip 
\ Flow 
I Tumble 

Lacquer Solvent 
(blend of esters, 
ketones, 

' i Automobiles 
i Over polished 
I 

1 metal 
: Appliances 

i 
. . ·- ·-···· · .. ...... -···-- ·········-···· ·-·-•·•• ,·-·---··---·---- ·------•-i-·---····-·••-,--. -·-·••·-·-

Fluorescent 1Ketones 

.. : RoJ.l_._ ... .. -- . - ·-· 1---.. ··-·-·-··- ··--··· · -·····- · - - • · 
I 

I 
!Brush I Aromatics 

ref: 6 

Silicone & Silicone Alkyd 

I 
1'J 

ref: 6 

Lacquer thinner l Ii Spray 
l Dip 

' Dip Toluene 

•Toys 
:Tools 
:signs 
I 
I 
I ----···-- ----------- ·-
I 
i 

1Mufflers 
I 

'1---+------ l 
[ Jspray fyle= 

_______ I _ ---·- --- . : _ . - -· ... ! (h•~:.:.~•• :_. --- :~~=l -thinner __ j . .. -- .... 
~ i I 

l, \.~~~:~stos or I ~~~K \Hetal Products 
) j j fiberglass may i 

, ? be added to air 11 

\· Inrush/Roll stre 1m 
--...------------------•-·"'-•-. ·- ..... ------•-•-'-',····-----·-···---•··-•- ., ___ -~---·--1' --- . ... . .. ..... .. . --------------·----· -·--, : : 

Emulsion Baking 
Primer 
Red 

~thyl Alcohol ater \spray ! Automobiles 

1Dip. I Appliances 

ref: 2 J ---
1 Cellosolve t<ater 

I 

Gray 

ref: 2 \ ' 

-·•--··-•---t•-·-------·-
I 

I ,spray 
Dip 

______ ,,.. .. ...,.-.--, -----.. ,---· 
! 
i 
I Automobiles 
I 
r Appliances 

I 
I 

I 



1 1 1:11.:l:1::.,1 [. l':l:i.nl:il1•1 -· •' . ... . ··-- -·•"-••· .. ·-----·--. • .... 

~ l; ~·-·/',.I. 

Casein 

~;<. ,n~;! . .l.t1..1:':;t~; (:,,r~:· :...: [· ,il.;~1 ·:; . : 
. •··• -- ·••-·•·•------ ·--·--,-----•·-- -~- - - ' i . .. . . 

i Water 
i 

_1\;~_jl _·_ ·:,·.:,Li on ______ 
1 
_ _Di.};: ,. ;it~ • 

Roll I 

ref: 2, 4 

Acrylates 

ref: 4 
I 
I 

-· ..... ·-· ··•··•·-···· ... --- -~----·-•··------;-' -----------
! 

jEthylene 
I 

-I Water 

___ , _____ ...... , -
Styrene-Buthadiene 

ref: 

Chlorosulfonated 
Polyethylene 

n 

2, 4 

Glycol 

I 

I 

I 
! 

!ketone/aromatic 

I 
I 

mix 

I 
I 
I 

I 
I 

l 
i 
l 
! Hypalon 

ref: 4 I , 
.. - ·-· ... •· .. .. · ··•· ··- -·1 ·····-•··-· -·· .. ···---- -~ ···· 1- · - .. · - - - ... 

Shellac 

ref: 16 

I \ 
I I I : 

! 
I 

l 
I 
I 

l I . . ....... . 
i 
I 
.l 
1 
I 

1 

Roll 

--.. ------·-• -----1----------
Roll Toluene 

l ylene 
) preferably with 
! f'1EK,MIBK) 

I I . I 
• I .••. •·•··· ..... . . . .. - . ··j• .• ···-·· ----------· •.• .•.. 

I I 

I 

Board 

Board 

Board 

Board 

I I ' ........ - .. ---------··-----··-1· ,··-------····-· :- .. ·····--·---···•--·1-.. --------····-•·-· .. --
' I 

: . 

/\.LKYD 

Am:Lno 

ref: 1 

,1 Mineral Spirits I I Mineral spirits 
I I • 

t Turpentine I turpentine 

l 
!,._ painters naphtha j 

(aromatics may be 1 

\ j added to rntne ra l: 

.. . . ··- -··. ···-··· ·-----·-----·( -----------· -----.. -' -···-·--·-···-·· ·- ······-··• ... _________ .. ; ... --···-·- _____________ --~---sR~r:i. u). __ : 

l 

U/F, 1"/M 
ref: 1, 4 

i 
I 

Aul:omobiles 
furniture 
baking enamel 
farm equipmen 

a f [) J.:l.1.ll1C l! 8 



,·,.< 11tl ' ''"J-1'·.] ]>•1 ·L'11l']0 
• • 

. t ...... .. ,~-.-~ll.,_u.. _ ... n~~ 

L ·: 'l IL !l 

Polyvinyl Acetate 
I 
\ Ethy~ene Glycol 

I 
!Water 

i'!(iti10c! ::if 
_J\ :J:_I __ ~<~ '.i .l: ~o_n ____ ___ _ 

\ Then baked ! 

l'..l.e:,,,-11: 1 
ll i : I 1, 'Id ; , 

.. i; j :.: / ( 

Acoustical ti 

Emulsions 
Acoustical . Tile 

ref: 1, 2 I I ' 

. .... .... •·••-•··•-•··--·-·-···--·---···---1---··------•------···-·-····-··-- · -------·- --··•·•-···-·-···I ·----··-··-··----· ···- -----·-- -·-·--·· ------·~- -- : . 

Ii Water ; Spray 
\Dip 

1 · i 
I I 

1 ! l 

Cedar Shakes 

1 

:cedar shakes 

I ; 

. -· --· ··-· --:~~:-----~----------~-------------L---- -----------·- ···- --- --- : ------------·-···i . ------------- ', ··· •·- •· • 
i I . ; 
!System may be thinned I · ; Brush 
!with toluene, xylene j !~rowel 

Coal tar epoxy !blend of above with : , Spray 

Catalyzed Bitumen-Epoxy 

.;, ref: 16 ' 

I Toluene 
Xylene 
Blend of above with 
ketones (MEK,Himq /, jk.etones (MIBK ,MEK.) i' 1\ 

--, ••• ··•·• -----•·•--·--· ---·· ·--····----~ i 

!Aromatic naphthas I - j Spray --------1--k-e_t_o_n_~_s __ (_M_I_B_K_,~I;K-,)-: ~ri=--P-~~-:-~----·· 
Vinyl and vinyl acrylic 
primer (such as vinyl buty lketones \ lhot spray aromatics i black iron 

I. ! roll esters 
1 I 

~~''-- 4 ______ J _____ _____ --l-_ ___ _ _ _ _ _ _ _ __ ! _ _ ___ _ _ _ _ _________________________ _ 
Catalyzed epoxy !ketone/aromatic mix 1 ; Brush 

!Spray 

ref: 6 

1 

I i Roll 
1 ' 
\· : 

!ketone mixture 
1 (MIBK, MEK) 
aromatics 

- ---· - -- •·-···- ... ----·------- I ! l 
' ' l · -------------- ; -·-·•---·--•-··-···-·1 Brush--·--··-••-·-· 1---------·---- -- i---·---· --· .. .... .. ... - .. 

Oil base 

ref: 16 
···-··· ·······•-- · . . ----·-·- ······-·-···-------l ·-------------+-~-

Thermosetting stoving 
enamel 

ref: 4 

I 
I 
IBul:anol 

I 

I 

\ Spray 
I Roll 

-··-- ... ----••t•- ··----·--·--
I . I Spray 

I 

l 

~aneral spirits 
Naphtha 
Turpentine 

I 

/\ppliances 



Type of Pa~nt 
Volatile Organic 
Constituents 

Industrial': Painting 

Other Volatiles Method of Clean-up nnc.1/or 
DiJ.uents 

Conversion finishes 

Constituents Application -------,---•·-- . ····.··~~·- --·--·---·--l· 
!Spray 

ref: 1 
I 

Completion of 
~!:i..t roce 11 ulosE 

I Oleoresinous 

·-·····--··--··•-------------+-------------~-----------·-------·1·--------
1 

Polystyrene Metal finishe~ 
Baking enameh 

I 

·········-···---·-·--·-··---r~~-:---l-----·1----------------------- ·--·- ····;;1-o_w ______ f---------f ;inc ---·--
Epoxy Mineral spirits llnrush , Tin 

Aromatics Spray ! Aluminum 
i 1Dip Wood 
1 ref: 1, 4, 16 JRoll Some Plastics 

Urethane 

ref: 1 

Shellac 

ref: 1, 4, 16 

Plastisols 

ref: 1 

Esters ) 
Ketones)Moisture 

cured type 
isocyanate 

---------·I--- ·---·-·····-··i ............ ·····-- -. ! ·•·• ····--·-··•-·· -·-·-··• ·• ······•-·--·--·--·· _J ·------·-•·--· -·-· 
\Under.coating 

\-J.Ln! coating 

' I 
I 

I 
I 

• · tDip 

!spray 
!Roll 
IMold 

; 

Dishwashers 
Hetal coating 

. ··-·-... •---•-··------·-··------·--·-·-------i-----------.-----t-------~----•-"·--,--··t·-·-----... ·--·----,..__---------·· __ ...... 1 -.---,. ,-~-
' I Anti Algae Paints 



! ' , I :'., • ! ~ . 

1:1.1: ,, l i. 1 i" r,,. ,_.,:i11 i l'. 
t !, ll1•: I·! I (11:i"; 1 ;, 

r.1~: • ~ 11 i :. f: r .i.:, :i.. : ,u. ·L, ~: .!. n f.! 
. •.1.· ..... . - _______ ; --. .J·. ·•.• •·~--- •.' . 

( i U: 1 r. \ \ il.r: l'.:.. _;_ v::, 
l :, 'i I: 1 I· ,i ' f 11.' ~-!· I !; 

.... •,,,•.-•,:•,· ......... <, -:.-, ,, .• ~ ............. .._.· ........................ ,. ........ -....... ~ ...,. ...... ~.,, ____ _, ___ ...., ___ . 
I, ....... ; -•:. ,. •- • • ••• , • Ill ,IJ :./,., ,I, -i~I.,,_. 1.,, .,., ,. , 

NctlwJ t)i:' 

J•U:.1.L:Y.\.. !_o_n_~ .. 

GI L';,11-·d)iJ :,:,:!/.,. 
f).i . .l 111·11 i /j ·r· Special effects 

wrinkle finish 

ref: 1 

Special effect 
hammered finish 

ref: 1 

j 

dip 
spray 

metal 
plastic 
composition 
wppcl 

--- ·-----·-·- ---··•·-·-·-·-·-•··--•·••--····--•"--··· 1 ·---·--···•-"----·-··· -·-------·-·--------·•. 

xylol 
toluol 

! 

I 
1 portable racli 

car heaters 
cash register 
vacuum sweepe 

-···--·-·· •· ·••·· .. . ------··---··----:------------ ·---·----·---- ·---- ..... r - -··-----·--It--
Special effects 

flock 

1 
! 

- I 
I jewelry boxes 

musical ins tn 
cases 

---·------------------··--·----··---· ---*------·--·-·~~f-= .1-_, 1~--1--------~,--------~!! ----------11;-· 
Polyfluorines ! coatings for 

i chemical vessE 
I 

ref: 6 \ ! ! 
······•· · -· ··· ... •·• ······-···-·•--·••·-·· ····•··-·---••1·---------------··-· ----··----- ---·· j · -·--·- ····-····I .... -·-·-·-·-······-···-·-- .. ·····---·-----·--·-·-'··-····----·····•· 

I i 
i 
i I 

r i 

I I 
·--------------.-----·-·--···-·•---·-···----··•-···•\. ... -----··-·----·-·-

I I 
I 
I 

I 
I 
' 

--·-.-----1--·--····-···· .. ---· 
I 
l 

---r•·•-·-•-.·1 ... __ , __ .,_ __ ., •--·--•- .. ·-• .. • .. • , ... ..- ... _ -·•-~---•----•--••-·---:----.. ---------·- ... -•-------••--••- ••·-•••--•-••; -· ..,..-----•--- •--- ---•--r•- : 



Type of Paint Volatile Solvent 
Constituents 

INDUSTRIAL PAINTING 

Other Volatile Method of 
Application 

• •·- ----------------.------~-.------~-- -····-···, ---✓ - ·----- ---·- ··• r···· ------- ---------Constituents 

Anti Fouling 

ref: 1 

Aromatics 
Mineral spirits 

depends on resin ··-···· ·-···-- . ·--- --------t------------t--------·-

, Brush 
i Holl 
i I Spray 
' ·-r----

. . . . ··• . ··- ··-··----------1----------~-~-i----------···---- .. -· r -

I 
I 

i I 
~- .. - ... -.. -·· - -·· -·---------t-------------i---------· --------,--

\ 

I 
l 
I 
I 

I I 

Clean-up and/or 
Diluents 

Mineral spirits 

Uses 

f Immersed surfac£ 
I 

--·---1-------------
1 

! 

-·• ... ---------+-------------t------- --j------·-·-1··-· ·-------1-------------,.----·---·------
i 
I 

i I 
l I 
l I 
t I 

... ---····---------------·--l--------------t-----------.-·--··----•····•··-··l·······----·-·-••·~--- --~------------,---~----·-·---··-

.... .. . - . .. · ···--- ····---·-··---

( 

! 
: 
I ·1-----~----..-· ... --___ J ~ -- ,------,. i ..-... --- i 
' j 
I 
I 



Method of Application 

)ipping 

ref: 4 

'low coating 

ref: 4 

oller 

ref: 4 

pray (booth) 

ref: 4 

Type of 
Coating 

Paint 

Paint 

Paint 

Lacquer 

Jray Paint 
(stc,ving finish) 

ref: 4 

it spray Lacquer 

ref: 4 

Reoresentative Constituents 

well pigmented 
short to medium drying oil 
aliphatic and 2.rom2.tic I:IC solvents 

pigments with minimum tendency to settle 
medium length oils 
medium to short oil alkyd resins with or without 
U/F, M/F resins 
higher up and slow evaporating solvents than dip 
wetting agents 
antifoaming agents - complex organic amines 

amonium salt 
silicone derivatives 
water, as diluent. 

cellulose or spirit based 
bitumin 
alcohol soluble nitrocellulose 
spirit soluble resins 

--- -~it:.i..zers,--pigment------ .. 
waxes or silicones 

nitrocellulose 
cellulose acetate 
cellulose ethers 

xylol is principle solvent 
also. butyl alcohol 
lower boiling point solvents 

high polymiric chain molecules 
strong solvent. butyl acetate 

MIBK 

-30-

methyl cellosolve 
xylol 
butyl alcohol 



·--·----·· I ------ -----·------
i•Ie t-~loG of Application Type of 

Coating Re pres ~:-,cat i-,.,-e C:::•:-,s ti tuents 

low molecular weight polymers phenolics 
Hot spray Paint/varnish weak solvents 

lead driers 

ref: 4 

low boiling solvents 
small amount high boiling solvent 

airless spray Paint/Lacquer mixture may be hiahlv 
0 -

pigmented. 

ref: 4 
-

Spray 2-Component types of coatings: polyester 
system polyurethane 

ref: 4 acid catalyzed U/F or }r;'F resin 

I epc:-=:ies 
PV.t:S self-etch pn.mers 

- - ---- ---·· ------- -~----,.....____ ____ ·- - -- ·· • 

---------------------- ·--------I-----------------
i 
I 
1 

\ 
I 
I 
I 
i 
I 

: -31-



., 

Voln till' org;mic 
Conc;t::it:,,•.·!;l :; 

Method of 
Application 

Clcan-ur; 
D:i.] ucr.~·:...; 

. • • • ··•- ... •-·-·•··-·-----T---··-·--·-·--- ··-,·-----······· .······•--· .. h4.-••-·----·.··-----------·-·· -- • 
Cr.talyzed Bitumen-Epoxy System may be thinned j · \ Brush Toluene Tank coating< 
Coal tar Epoxies with toluene J ! Trowel Xylene Dams, Piers 
Asphalt Epoxy '- xylene ~-~' i Spray Blend of above ; Barge/Ship 

ref: 6 blend of above · l with ketones (MEI< 1 bottom 
with ketones : MIBK)Buriecl steel 

I 

·····--·-····-·•· • -,- • -·---- 1I'-,-MJ..2K+-- -·----------•···---- t-------- ---------·-·-·· -•·····-. --- . -•-··· .. 
I Bituminous coating Aromatics (toluene·, Protect buri 

(cold-applied} Mineral Spirits 
1
,
1
; 1' xylene} steeJ. ond 

Aromatics Brush Coal tar C 1\romatic-naphthenic concrete 
oal tar solvents Spray 

, 1 coal tar so1 v cnt 

ref: 6 

Asphalt 

ref: 6, 16 

Phenolic Varnish and Paint 

ref: 6 

Epoxy Ester 
ref: 6, 16 

I l 
\ I -1-- -------· .. ••·•···-···-r -

Aliphatic solvents I I Brush 
such as mineral I Spray 
spirits 

---------------------··-----·-·- ··----··-----··t------

' 

Mineral Spirits 
Aromatics 

Mineral Spirits 
Aromatics 

I 
I 
I 

I 
I 
I 

, I 

Brush 
Spray 
Holl 

' I I 
···-r--··-···-••··--·-·;···--·--·----·-··· j··-------

1 I I I I i Brush 

! i Iloll 

... _., ___ ·•-. ---·-··---·-- ·1-

l j Spray 

--·-·· ·----·-·- .... ··-·i ·-·-·- .. -·······•··-·-\ ... -------····-·····- ·-
Mineral Spirits 
Turpentine 

I ' I 

: I Brush 
Spray 
Roll 

Alkyd Paint and Varnish 

ref: 6 

r 
... ·-·-·- .. ,-.·--- .-------··-·--·-· -·-·· -1 ······~-··-······--· .................. --·· --:-· --··-·----······--··-

1/,.1.nc Pr.i.mers nncl Coaters I Aromatics I : Spray 
' I I 

I '1 3-Puckage System 

ref: G ! . 
I 

Painters Nophtha 
Mineral Spirits 

Mineral Spirits 
Enamel thinner 

with toluene 
and xylene 

Mineral Spir~ts 
Enamel thinner 

wi tl:i. toluene 
nncl xyleno 

Tnnks 

Roofs 
A bove-t_;rounc 

protection 
Industri.al 

coating in 
_ .. <:Q1'...r:<.>-.s.i..v.e ... c_11y 

Marine coatin 
Resistant to 

corrosive J 

Industrial 
mnintenanc 

Resjstant to 
corrosiv.e 
environmen 

: Protect steel 
Mineral Spirits . from corrosi 
Painters Naphtha Widely applie 
Turpentine to metal nncl 

(Aromatic may he wood 
ictdcd to min. spir) 

IVn tor (clean-up)· Cort·os ion pre 
No thinners vcntion 

, Tank intel'i or 
I Stationary an 

mobile marine equipment 



Self Cure 

Vo] a ti l 1• or,~;-m:i.c 
ConGt:it:, .. -r,1 :, 

0 I: her \'I 1 l ;1 ti l L!:..; Method of 
Application 

Clean-up 
Di] ucr:.t.s 

' .. - -·- ---··•--------1---- ·----... ------··-,··--·--·--•-~ -~··--····-.'r011•.--'U#l,.4- _______ •• ___ ------------· -- . 

i \ Spray Isopropyl Alcohol 
j (clean-up) 

No thinners 

I , 
- . 

l•; ...... ·., 

As above 

. -·- . . .. -·-. •··--·-··- . -·- - -·--------i-----__________ ! _____ -·-···--·-·---·-··--------!·-·Brush 1------------- -. ···-···-·. ···---•-" 

J I Spray 
1 I Holl 

I l 
I I 

Orp;anic 

ref: 6 

.. ···-··-------------+----
Chloros~lfonated Polyethylene I 
Hypalon 

--------!-------- -·--· ·····-···-r ---------
i I Brush 
I · Spray 

ref: 1, 16 
I Roll 

.. ··-- -·--- •···- -·----·-··-···------·---1-------·--' ··-··-·· 
I 
I ... -·---- -·. ·····--·- -.. r--·- -------·----

Catalyzed Epoxy 

I 
t,) 
tJ 
I 

ref: 6, 16 

I 
I 

Ketone/Aromatic mix I 1 
I 

I 
• I I 

Brush 
Spray 
Roll 

. - ~-···-- _. __ ., __ ._,.,._.•,~w:-:-,.1r•.::-.=::.:.-:-,:-.-:--~ ....... :.:·/-----
I I I 

--r------···•--i-• ···--··•-------·-·-·- 1·· · -----

Cutnlyzed Phenolic l I<etone/Aromatic mix \ l \ Brush 

ref: 6 

' ..... -- ·-·- .. ··- --·-·-··---·--·1-
Vinyl and Vinyl Acrylic Ketones 

(such as vinyl butyral 

ref: 6 

I ! I Spray 
i I 

I \ i 

-----:-----·--·-··----·-·-··-·•--- .. -·--·-······-·-I···------··•···--·-.. - --
Spray 
Hot spray 
Roll 

•• •• •·-•-•- -• •··•• .. ••-•••-------- .. ••----•••--·•-----•· •-•-•-••-••'"'-•-,o•-"--••oo-•-•••H f ··• 0 _ .. ,u ... , -•,-.•-•·-·----••-••- ..... ,._ 

Fluorescent Kotones 

ref: 6 
Lacquer thinner 

I 

I 

) 

I. 

Brush 
Spray 

Depends on bi 11eler 

Toluene, Xylene 
(Preferably with 
addition of MEK, 
MIBK) 

Ketone mixture 
(MEI< or MI J31<) 

Aromatics 

MIDI( I MEK 
I 

50:50 Toluene/ 
Xylene with 
M .. EK, Ml Bl< 

I 

/\s nbove 

Chemical ar 
atmosphe1 
exposed \I 

Heavy duty 
coati.ng;s i 
industrial 
plants 

Water tanks 

Henvy duty 
continµ;s 

Conc,·ete 
Tank ·i 11 L c r i 

----·-··-------- : ....... _. ..... - ....... -

Ketones (MIDI<, 
MEI<) 

Aromatic Hyi.:lro­

carbon esters 

Mnr:inc cqui 
ment 

n2o t:rnlt "i1:; 

teriors 

- -•·· -·•-··----,·-- ...... t •••••• •··· - •- • 
I 

Aromot:ics 



.. 
Vo 1 :1 t 11 \ · or; •,an .i. c 
Co11:;t.:.i f·. ··rl1. :; 

. ... - -·· ·---·-··--···-··--···1·---- ··-·-·-··-··----
Chlorinated Rubber Aromatics 

primer used if applied to 
steel 

ref: 6 

Method of 
Application 

Clc;m-up 
D:i.] ucnl:.G 

.. 1··--· .. ···· - ... ·-•••···-•1"at,•.~..., • ...,__,,,.._. __ ,.., ___ _______ ., _______ , __ , 

l · \ Brush 
I 

I I 

! . . 

Toluene 
Xylene 
Aromatic-type 

enamel thinners , 

HO tank 
2 
interior 

Steel 
Wood 
Concrete 

~

. \ 

Oil B~;~· . --... ---------1-----·•---------I --·· ·-·-··--·-----·-···-•··--·-! Brush ------ Mineral~Spl-;· it·;-.: ··stc-cl pr:i;nc 

(including red lead) I ' Spray Naphtha 

ref: 1, 6, 16 
I I Roll 
I I 

'J'urpentinc 

I l 
• I 

---·------------1----···---·----- , ---- ...... --- ... -r ---------, ----------·- .. ··•·-· 

Conversion Finishes 

ref: 1 

Polystyrene 

ref: 1 

............. ··-----.... ·------------
Silicone Aromatics 

ref: 1 

I 

l---··--·--r·-------·-t l I / 
l 
I 
I 

i I 
.. --1 ----· - ......... - -· , --·--··· -··- ·-. --·- .. I·-··--··-···--·-.. -· ··----· •·- ... - ........... ·- .. 

' I l l I 

I i 
I I 

·competitor o 
Nitrocellul 
Oleoresinou 

Ship hottom 

l i 

___ · ---+·-··. .. . --·· .. ···-···• .1. ----- ....... -- -----··--·------ ...... --- .. •·•. ·• 

I 
I 
I 

/ Spray 
I 
I . 

l I 

'foluene 
Xylene 
Enamel thjnner 

!Ylnsonry 

"• '"" ••·•-•-•• •• .. ,-•--•••----••--•--•---•-·• 1 ·•••--•""'"""-••'-••••-"• •"•• • -••• •••: ••.-•-••-••--••••- .. •••• -- ••• -•-·---,• r• 

I : 
I I 

l 
I 



Type of.P'?-~~t 

Oleoresinous 
varnish/enamel 

Alkyd 

vinyl 

polystyrene 

I 
t,J 
CJ) 
I 

.. -

- . ref 6, 16 

-

re f: 16 

re f; 6, 16 

··---

c.hlor:i.nate<l rubbe r 

re f: 1, 6 
···•·--- ... -·--...... _.. 

silicone 

re f: 1, 6 

·--·-----· 

Epoxy 

re f: 1, 16 

Organic Solvents 

.. 

urpentine 
petroleum solvents 

mineral spirits 
turpentine 

ketones 
esters 
chlorinated hydrocarbo 

aromatics 

. 

aromatics 

RESIDENTIAL PAIN'I'ING 

Other Volatiles Method of Thinners and/or 
for c]ean-up 
purposes 

b.S 

S1wc:ific Usef: 
Application 

,._:_-:.:...,;~~~Jf-:.;,,~, .. ~---·~ ---·-···•·- -------~-·--·- --·- -

-

I spray 
:brush 
jroll 
i 

····--- -· -· r · 

!brush 
roll 
jspray 
' 

I -·--r-
\ 
I 
I 

I 

I 

mineral spirits 
painters naphtha 

I 

exterior 
primer 
house paint 

1-----------! .. --
mineral spirits 
painters naphtha 
turpentine 

lketones 
aromatics 
esters 

1 
I . ! c>xter.1 or 

E~x te rior 
! interior 
I 

I . d prl!ner an sea 
masonry 

c.oncrete floor 

------ ---·--·- j· 

-·---·- -···-•·---··--·- ... 

~--

1 ~oluene 
Inrush r<:ylene 
j aromatic enamel 

concrete 
masonry 

l thinners 

-···-······•··-· ·········---·-··•-··-·•-··- ···•-t-----•---·------ ···-----. ·-·•-·-··--
1 I ~oluene masonry 
\spray reylene 
1 •namel thinner 
I I 
i I 

! -~--··--•- --->------~-_,... ... ---- J-____, ·•---· ·---·--·-·•1 - ... - --
' I 
i !wood 
!Brush !masonry 
~pray aluminum roll 
' 



RESIDENTIAL PAINTING 

Organic Solvents OthL•r Volatiles Method of 

Application 

Polyurethane isocyanate 

ref: G 
I 

...... ·-·-------~-------------· ·----··------··-•·-·-·--·--··--·--·- 1----

Shellac Alcohols 

ref: lG 

Acrylic emulsion 

ref: G, 16 

1 

I 

I 
I 
I 

·········- -·-·r-

l 
I 
I 
I 
I 

I 
I 

·• •· ·-·•-· -··----·- ---------------------1-----------·-------- r-

Epoxy 
I 
w 
ul 
I 

•ref: 16 

Mineral spirits 
Aromatics 

1 
I 

1 · 

·----·--·--- ... ·---- -----r-------------·t-- ----·-··-···--------·-··· 1 ·-· 

Caseit1 Water j Brush 

ref: 1, 2 

Thinners and/or 
for clc,rn-up 
purpo~e:~ 

esters 
lacquer thinner 
MEK, MinK 

Masonry floo 

·-··· ··-1------··------ -. . •·· ·-·-····· --· ... 

Wood 

' --1----------.l. ________ ----. 
i 
' 

water exteri.or woo 

-1----------· r-----·-----· 

J:.f.:1sonry 

i 
I ... •··•··--·· ... -· .. ··-· _., --· . •·---·- -·-·-·-·••-·-·-·r--------------- ---··-··-- -· -•·-·······• ... -··· ·-······•·· - , ..... ,, _____ ... --·•-·· - --·i-----·-·------- ---- !----- ··-··· - ... -- . -

Styrene-Buthadiene 
I I 

'interior wal 
I 

:masonry 
I 

I 

ref: 1 i ,.,_, __ .. • • ••••---•- --~-•,.,.•---i-.------------1---·---~-- •--·--•--I- •r-.. --•---•- _ .. .,..,._. ___ ., ______ ,.. .• .- ·• I--.... .----., ..---•·•• 
Oil/water emulsions Glycols water 

-y,r.,-/'. ?. 

' ; roll 
I 

!brush 
i 
j sp_ray 

\ 

MEK !Exterior 
:Interior 
I 
i 

l 



nESTDENTI/\L PAINTING 

Organic Solvents Other Volatiles 

. - ----·---·----------------------··•--·-·--"=--''•''-'""'··--·· 

Nitrocellulose lacquer/enamel 

ref: 1, 6, 16 

Method of 

Application 

----1 -
1spray 
;brush 
I 
j 
I 

Thinners and/or 
for c.J.ean-up 
purposes 

lacquer 
thinner 

' 

\exterior 

i 
I 
I .. ------·----1------------- - I . --- --------·-·-·--·-·••··---- ' - __ ..._ __ - .. ! . -- ---·---·· -- .. , 
' 

! ' . ······--·-·------ ---1----------------i---------····---·-•r·---------t----------t----
l ! 
I 
i 
I .... •·• ·- . --·-· ---·--- ---------------------1---------·----------·t I 

I • 
!pipes 

Metallic pigmented paint 

I 
w 
-..J 
I 

·ref: 1, 6 

brush 
spray 

1 roll 
I 

1water tanks 
I fences 
:basements 
\gutters _ _, ___________ ,_ ____________ ._ _________ -----·-···- -·-i. 
' !exterior pri.1 Paint and varnish 

remover-solvent type 
benzol alcohol 

I 
acetone " I naphtha 

-denatured grain alcoho·. mineral spirits 
(/\1 

methylene chlorid~ j ) 

--··. ·-··•-·-- .. _____ ,..,_, ;i;:ef ; ... ~lG·--··----+t_u_r_p_e_n_t_i_n_e _______ - -·--·-----+----·- ... -------~·--------· -·- -··- i-----------·--·-·-(----~- ·· ·- -· .. 

penetrating oil paint thinner \ \ I 
pentachlorophenol I Jexterior 

I I 

I l'Of, 1 , ... ·- • .. , ., ..... _, ____ .,.,_,_ ... , ___ ---------------1---... -···-·-··-----·-.. ···-----• .... -1- • .---•---·- _,. .. ~ -·--·-··•--·-.. --.. --- I-~ ..... ·----
I 

1 
;1111:I 1111-•,111• p11J111.11 I 



RESIDENTIAL PAINTING 

Organic Solvents Other Volatiles Method of 

Type of. l\1~11 t Application 

Thinners anJ/or 
for c] c,111-up 
purposes 

Spoc.i..fl.c !~ 

·. •· ••• --•-•-•-••--•--~-----------~---•••- ·•••••-- .. L•m•-..--•••----••\-•• ----------••• -•••. • •• 
SPECIAL EFFECTS ·1interior 

Texture wall paint 
emulsion or oil-based 

. ·: -··c .• :,!.~-f_; 1, 2 

SPECIAL EFFECTS 

Multicolor emulsion 

ref: 1, 2 

I 

i 
•,'brush 
roll 

--------------·-------~---
i 

water spray 

I -- ·- ,-, ._ ...... ·•--·-· ------·- ----1----------~-1-------------··- -· -· r -

..... ---·- ·-----0-•---- --------.------------1---------------

Stains alcohol water 

I 
I 
I 

~ Water j 
___ 1 ·•··-- _______ ref;_,_ ~6 ;..---------------•--------------------1-

oil 

ref: 1 

benzol 
haphtha 
toluol 
turpentine 

i 

, 
1sprny 
dip 

'. ·- ·-·••·-· -··-··· ·- .. , .... _ ... ' ........ -·-·-·--•·-•---··-·+·------ ·--- ---1----··-·-·---··,-•··--····-·- •··--·-········ - ..... -- - -· --

NCR 

!alcohol 
~lycol 
tuluol 
acetone or other ketones 

1 

I 
i 

brush 
\spray 
1dip 
I 

, decoratio 
i 
j 

i----- ----·-··' .. -------

j 
; 

I 

-·t·· 
I 
I 

I 
I 

-i-----------1---------

I j ____ _ 
I 

\furniture 

I 
l 

-----------'------·-····-- -----
1 

ref: 1 I I 

--...----·--------1--•-----·-··----1·--~--------· ---------,-.··---1-....---. ~---. ·--• • •. •· ·--•---••-·-•r•-- -....- ---~ ,--

t1lcoho1· 1 f11rn-J.tun.'. 
spirit 

I. ' 
ro:r: 1 



Tyµ2 of Paint 
., , , .. ' .. 

Volatile Organic 
Constituents 

SIGN PAINTING 

Other Vala.tile 
Cons ti tuen-ts 

Method of 
Application 

Clean-up and/or 
Thinners 

. . . ·•···- . ---------------.,.-----------'---,---- ---~--~~ .,... I Brush------~---------.··• .. 

!spray 
Oleoresinous enamel 

ref: 16 

Turpentine 
Petroleum Solvents 

I 

I 
i 
I 

·- ···--··-·-·•····-···-------+------+-------------t·-----l--•---

Acrylic 

ref: 16 

Ketones 
Esters 
Chlorinated HCS I 

I 

Brush 
Spray 

. -- - -- ------ --- --------------1------------+-------.---·----r·-

Laquer Solvent 

Specific Uses 

Vinyl Aromatic Naphthas Brush 
Spray 

· Ketones (MIBK,MEK,i 

ref: 16 

.. ··••-- .. -- ··- ·-···-··--•· ---------------------1-----------------·1 
I 

Epoxy 

ref: 16 

Brush 
Spray 

Aromatics Esters 

I 
w 
lD 
I . ·- ... ·•··-----·- ----'f-----·--------1------·-·-·••·-- ·- ---· ---- ----- .... : ·-·· ---------- ------···----1--------·-·-·--;-----------------

/ 
I 



Sign Painters 

Sign Painters' Exposures: 

ref: 16 

SIGN PA INTERS 

Cleansing solutions - reported by trades·men 
caustic soda 
carbon tetrachloride 

Particulates from brushing surfaces 
Dry pigment powder 

-40-



FLOOR FINISHING 

Type of Surface CoatinR Volatile Solvent Other Volntile Method of Clean-up Specific 
or I J Mri ter:.a .. C i onst tuents C :I onst · .tuents Apulicati.on nn or 1· nners cl/ tl i u ses 

- ··-
Stains Benzene Brush 

Naptha Rub 
Oil Tolluene I 

ref; 1 Turpentine I 
I 

I 
I 

Spirit Alcohol t Brush 

I 
Rub 

ref: 1 

Paste Turpentine 

Wood Filler 
VM&P Naphtha 

ref: 1 

Paint/Varnish Benzel Alcohol 
Acetone Napthn 

Remover - Solvent Type Denatured Grain Alcohcl Mineral Spirits 
I ref: 1 Methyene Chloride ! 

,i,. i 
t--1 

I 

Polish Turpentine 

ref: 1 

P,leach Oxalic Acid 
Sodium Hydrox 
Laundry l3leach 

ref: 1 

\food Sealers/Penetrating Oils Rub 

ref: 1 



Oleoresinous 
varnish 

ref: 1 

Volatile Solvent 
Constituents 

Turpentine 
Petroleum solvents 

' FLOOR FlNISl!lNC 

Other Volatil L! 

Constituents 
~:c tl10cl cf 
App.1.iance 

Brush 

-r 

Clean-I.I)) 
and/or tl,lnners 

'.:;(',:l'. Ir_- Jc 

Ust0 s -------------

Mineral Spirits 

Painters Naphtha 



FLOOR FINISHERS AND TILE rn YERS 

Floor Finishers 

Floor Fintshers _Exposures: 

ref: 1, 16 

Tile Layers 

Tile Layers Exposures: 

ref: 11, 13, 16 

Various paints/lacquers 
Pigmented and non-pigmented floor finishing 
particulates 
Wood dust 
Silica 
Organic solvents 
Bleaches 

Bitumen/latex emulsion 
Rubber latex-acrylonitrile blend 
Polychloroprene (rubber) 
Polychloroprene with synthetic resins in 
hydrocarbon solvent 
Modified polyurethane 
Polyvinyl acetate and filler 
Polyvinyl acetate 
Synthetic resin/rubber latex with inorganic 
fillers (linoleum) 
Particulates, including· asoest_o_s ··· 
Plastics, including polyvinyl chloride 

-43-



DRYWALL TAPERS, PAPER R<\NGERS, AND SCENERY DESIGNERS 

Drywall Tapers 

Drywall Tapers Exposures: 

Paper Hangers 

Paper Hangers Exposures: 

ref: 1, 11, 16 

Scenery Designers 

Various particulates, including asbestos 

Synthetics, including vinyl and modified 
polyurethane 
Flock 

Scenery Designers Exposures: Various lacquers and enamels 
Adhesives 
Fibrous glass 
Various dusts, including wood, paint 

ref: 16 



Sand Blasters 

Sand Blasters' Exposures: Various particulates, including lead-pigmented 
paint, silica, chromium-pigmented paint 

·45-



Glaziers 

Glaziers' Exposures: 

ref: 9, 11 

Glass Manufacturers 

GLAZIERS AND GIASS i\L.\.1';7.JFACTURERS 

Window-patching adhesive - polyvinyl acetate 
copolymer with plasticizers 

Silica 

Glass Manufacturers' Exposures: 

ref: 9, 10 

Raw Materials 
Sand - almost pure quartz 
Flux - soda ash 

salt cake 
limestone or lime 

Lead oxide 
Pearl ash (potassium carbonate) 
Saltpetre 
Borax 
Boric acid 
Arsenic trioxide 
Feldspar 
Fluor spar 
Metallic oxides. 
Carbonates, nitrates 
Gullet 

Finishing 
Abrasives 
Hydrofluoric acid 

Other 
Heat 
UV light 

-4F-



Appendix 3 

A. Organic Solve~ts 

B. Pigments 

inor•g;1nic pigment3 
o :!:p;a:i.ic nig;m..~nts 

-47 · 
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,· .. l 1 

to.1.t.renc 

.~yl ....... , 

S~mple Col\ection 

tyre: 

p:coc:edLtre: 

S88 TalJ.Lc I 

10.5% RSD 

I -, • ' 

20(1 

200 

desorb ~ith carbon disulfide, enulyz~ with GC-FI 

-49-



I 
(JI 
0 
I 

1,!cthocl + 
CLtssi £j_ca tion 

Dutcct:i.on 
limit m:i:/::.acipJu 

., .. ,, ····,-
;·;-nu .-, J_ o t :i. m (: ~,. t 
~\t:i.n Cmiu :! : .. :n:-~ 

1 lpn, 
(mi1t) (., -.',' !., , 

-----------------------------------------------------···----·---------------
D 

A 

A 

D 

D 

13 

A 

0 .01 

0.20 

0.05 

0.01 

0,()1 

0.02 

.;i 

() . ;i 

10 

.L 

C .s 

0 .3 

0.5 

,!, !\c!:1ptccl from NIOSH Manual of An::ilyU.cal Methods - Organic Solvents 

7.7 

3:3 

(jl) 

12 

13 

31 

co 

co 

rn 

]20 

100 

;;::·o,Tr CL•-~;sification of Analytical Methods: ,-\-Rcco1nme11dcd; B-.i\cccp'Lccl; D-OpcrnLional. 

., .... '. 
.. ' •; 

• ' · ,• .l. 

~-) ·1 
I,,:.'.,, 

,;,,!: Ln,•;c1· li1:lit in mg/sample for compound at 16 x 1 attenuation on GC fitted with 10:l splittci·; v~1luc 

r•:1n lie :Lowered hy roducinL~- attenuation 01· climinaUnc; i,pl.ittc1•. 



·, 
.L 

~ '- i . . ·, -' 
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r.·< .... ~t_yl alt:0~1.:,l 
cyclohex::1.n.e · 

t::thyl acet~te 
heptane 

iso;.2~:1yl acetate 
isobutyl acetate 
isubutyl alcohol 
isopropyl ace:ate 
nle'thyl 2cet~ te 
:.:ethyl Ethyl Kcton3 

typ~: breathing zons 

]_()i) 

lGO 
300 

400 
500 
500 
100 
150 
100 
250 
2()0 

200 

2.pp .. ,ratus: 7 c:::i. long gl2.ss ch:-1.rc:l_)al tube, b,,th eu.ds ser, led, 6 m:n O .D., 

4 r:~·, I .D. c:0:1.tu::_ning 2 s2ctic,ns of 20/40 r:ies-iJ. 2.ctiv2.ted c:w.rcoal sep2.ratec! 

l lp~ or less 

10 min at 1 lp::t 

S2rr: pJ. e 1-\aa lys is 

type: GC-FI 

a~psratus: ~et chentstry, GC-FI 

proc8clure: desorb with carbon disulfide, analyze with GC-FI 

Ran~e and Sensiti~ity 

not detcrnined 

Prescision 

not ~~t8.ted 

Effe~t uf Storage ---·------

-52-



4. Industrial Hygiena and Toxicology, p. 1724. 
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:-~ ~~.:: ;· .. ·t -~ 1-:·~..: :~.~~ _.\ :~ ~!.. ~- .. :._~ :. :_1 ·--------·- ------ ----··-·-·-· 

l. 

~' ·-..-~ ,. ' •• ~ •••••• 4 

~ ... :-' ~~· . _;_ -~ '· '.i. :.) • 

flo',;; rate: 0.13 C2~.l 

:.r o 
2 

sa;:1pl ing time: 

type: w2t chemisr~y titration 

apps.r2.tu~: '.~..-et c~:s:-:-?.istry 

p!"oceC.u t·e: 1. et:,yl 2.lcobol c:x:idiz~.=d to acetic acid by O .1 n cr.1·or:1ic ac~d 

2. e:-:ce::.=-;s ch-:.·onic [tc·i.d cleter2ined by ti tr~tion with O .1 ~ 

sodiu? thio~ulfate; l ~l s0diu~ thiosulfate = 1.15 mg ethyl ~lcohol 

not st~.tecl 

Bro\Vi:.i r;.g: Toxicity ::me~ Uetabolis.;1 of Inc1ustl'ial Solvents, p. 325. 

-5-1-



S :1:- :)l i __ °'!. ·.:..· ,_ •. :· . ... : -\:· , 1 \ · .; ·1 _.; . . - i ! . · •> .: ~ 
---·- - ----·· ··---·- ··--· --·---- ·---·· ·--··--- ---·-·-- . 

procedt,re: is detected v:i th 

Schiff'~ reagent 

R~nge and Sensit iv ity 

aldehydes do not interfere 

Effe~t of Stora~e 

Ad-~ntag8s and Disadva~tages 

~ot stated 

1. ~~cobs, pp. 614-617. 

Toxicity and tbtabolisr.1 ol Indust:cia l Solvc;:ts, p. 312. 
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SECTIO:\ 2 
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~nd rli~e3ti~e sys~~r1; in high concentrations th&y cau3e irrigation and 

Ii appears that the chernlcal do~s not cause syste~ic injury. 

B~owni~; states that eve~ high conceatrations are not i2madiately f~tal to 

although 

it do2~ ~ry the skin. 

had attac~3 of vcrtiz□, haadac~9, sudden blindness ln ~oth eyes a~d an un-

durin~ t~e □etabolis~ of cethyl acetate. 

Toxicity arcd :'.'.et2.bolis:u of Industrial Sol;.·ents, pp.522-542. 
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T. 

_t,·-1.:.· 

Neither aver recovered full vi3ion; one man w1s 

acts ~3 a n~rcotic. 

of e::e inj;_iry thro·.1_;:-i. inltal::i.tion or :tbsc,l'ption tl~ro:.r3:; th2 skin. l\lethyl 

alcoLol c~uses injury primarily by affecting the rcti~~ 2nd optic nerve. 

L:>ss of visu~1.1 2c1.Iity, fi.eld of vision, depth p2::-2eptioi1, eye con-

densution, poor distance judge~ent follow intoxicatio~ ~ith et~yl alcohol. 

Cases of industrial poisoning from repeated exposure ~o the vapour of Diethyl 

.. _ .... ·-: 
.. !... ,,:. 

-58-

The main 

H::.w,ever, 



Patty: 
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skin cont~ct with the liquid. 

·1J· ,~~ 1.::: ,_,. ,_J_j~' 11· 2 
.: .,._...... ..:,. ... 1 

5,320 p.p.ra .. henzene. 

Ya:rious blood alt;eratic:is result fro:-n ber:z:=,=.e exposure. i'.,!::i.,,:r cases of 

leeke:-:cj_a associated v;i th benzer:.e exposure are repD:rted in the lt-f:erature, 

several involving persorrs e::iplo:;ed in the printi,,g trades. One rotogravure 

press~an developed fetal aplastic anemia fo~r yea~S after freedom from benzene 

e~;_Jo.su:;:e_ His war:, history inch,ded twenty five years of association with ink 

solvents and thin~ers cont2ining 10-35~ benzene by volume.3 Other cases are 

described in +ho r..,.;+o~ ... ;o ~r"l.r.-,,-,.::.i.:--if-_,,. __ _ , ........ l.._.L_L..o. _,.._,_....,,_..._,._.J_ 

l. 'focc:,pation:J.l Exposl.:!re t-o Ben:c:ene, crj teri2 for a recrnmnended st3ndarc1," U.S. 

2.as 2bave, pp.29-30 

Bulle-tin., P .. ugust pp .. 329 

-60-



Ethyle~e glycol is lo~ in oral toxicity, is not significa~~ly irri­

tating to eyes or nose and is not readily absorbed throJgh the skin. In 

adc:i tion, its vapor p::·essu1·e is low enough so that toxic conc~ni::n1tious ,'.iill 

no-: occur at roo:n. ·te;:::par2.tures. 

:;-;-o cases of i:-iju:?.-y to hunan eyes have been reported. 

Although the hazards from inhalation are low, there is a ha~ard 

v;':1-:::-e tt.e 1:!at-2::-ial is bein; handled hot or where ag-i tation or oth-2r ;nech-

r:..n..ical operations 1;_ay cre2.te a fog o.r wist in the air .. ;\t these level~, 

l1c~ever, the chemical hns 2 disagre~able odor and cnuses eye irritation. 

2-e'tho~~yethar:ol is the least toxic of all •::!thers. :1,o evidence o:f 

in the form of 

-61-



report2J by Brownin~. 

the incact skin. 

tory irritartts and perhaps ha2~opoie~ic deprc35~~~s. 

Sy~ptoms of intoxication inclu~e blood 2nd t~~e ~a~row ~l~tt1rbancss 

tl:-3 2..sth-:u1tic type and !luerologl cal clisturbanc,e~;, suc}1 c::.s he::i..-:!~~che, f~tig;u<.= 

and clro0,,-sj_ness. 

Pulmo::tary ed-:)rna, pneumoni tis md h2.emorrhage ,';i 11 result from contact of 

liquid aro:'le, tic hydrocarbons with h:r::g tissue. 

with the skin will cause dermatitis due to their dehydrati~g 2~cl defattlng 

ac.:ion_. 

B.::i.sically, 

simil2r to the other chemicals. 

1. Bro"-Hr1ing: 

Patty: 

·62-



hoc;rs. 2 

P2.tty reports, acute and ch.ro,iic hu;.2.n expo,;ures to 50-300 ppw. for 3 hours witho·it 

·white blood count alter2.i:ions. Specific exposures and reactions follow: 

E:-:posure Effect 

200 Hild fatigu2, ,.;.~ak:1e;;s, co-;:,.fusion, pare.si:hi.!Sias of skin, modera'.:e. 

300 

600 

rnentnl co~~usion, nausea a3d dizziness ~jre pro~o0~ced; pupils 

~· . L.nro::.11- c. to c0~c2~tratians 15 ti1r1e.s .i.n did 

-63-



E:-:p~)s12-ce 
---·( PiJi~) 

2CO 

400 

600 

800 

'-·· · --

Lassitude, hilarity, verbosity (loss of 2??etite lis tlE:S;ir:!.e=5.s 

as after effects). 

Tr2nsisto2..-=:, .. headaches:- •1ision proble1t:s, f.e:elir!.g of dru:::l:.edness, 

11e.u.sei2, ·ve:r-bosity. 

The case of a r.12n 2.ddictcd to pu-ce tolui::!::1e is rel)orted in tho?- C:-ci ~eri2. Docu:2.2,1t. 5 

C: 

ir!-::luded in t~1:~ Crit2ri2. L~cu:r:eiit. 0 

-G4-



·-.:;-

4 - C2.rp2:1t2r, C.P. etal., 11 Studi:2.s on the Inh2L.:tion of l,.J-3utadr22.2; 

with a Corap&riscn of its ~arcotic Effect with 

Benzol, 'Iolual and Styre.J.2. a,,.d a note by 

Human", Journal of Industri.:.11 Hyziene and 

Toxicology, 26:69 - 78, 1944. 

5 - 110ccupa.tio;:1al E:-::pos1.t:.:-e to Tolueri.e, Criteri2- ro:: a reco;rc:n-=:-ided stanc2::.rc, 01 

U. S. Uepartsent of HETT, 1973, p.24. 

7 - Fo ?.:T!.i , '2 t-3..l. , 

22:373-73, 1971. 
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f o:.e 
'C> 

-to 0.G-1~0 !il~/1: 1·!•.) c~1:io 1_i.t 0 .. 1·1-(j;,:;•_: tJr;_•,i) j_::.~ ~}:(:' 10-.::::;s-L ,·:-::,.-~,,r ~-~;1' 1 1:-.:r1c;td 

AccidentaJ. splashes of xylene in tbe hL~cn eye ha~e caused transient 

for:;:!a t:ion of v2.cnolcs i!1 corneas of cats; recovery· 

a d ,.,., f,-.110,,,·i •1cr e----o·-·;re 5 
.___, .-v ,., __ .,;.._o ---~ ::,t.._ • 

Patty repo:::-ts chror:tc 2.:c"'..r;;.,!l cxposu::.·a. 6 R2 ts and r2.bbits plac.ed jn_ 

a tmosphcre3 contai :1ing 590 pp,:1 for 8 Jn·s/day, 6 days/0.ve(jk to:,_· 130 dnys 

showed ~o significant blood changas. An exposu~e of r~bbits to 1150 

Fetal malformations and ~ortallties have bsen nss~~intad with 

tol u-21.ie. 8 

3.as above, ~p. 20 

4,as abov0, pp.21-29 

3.Patty: pp.1234 

:"•·· 
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Penetrating oil - exterior 

Para~ffin 

Zinc stearate 

Turpentine/paint thinner 

Pentachlorophenol 

Boiled linseed oil 

Burnt Sienna in oil 

Raw umber in oil 

Indial iron oxide in oil 

Ref: 1 

Phenolic Cqatings 

Resin: phenolformaldehyde 
phenolfurfurae 

Drying oi 1 
Solvents, including coal tar hydrocarbons 

aliphatic hydrocarbons 
ketones 
esters 
alcohols 
aromatic hydrocarbons 

Ref: 1, 6 

Polishes 

Wax 
1 lb. softened (melted) wax 

1/2 pt. warm turpentine 
1 t. ammonia 

Liquid polishes 

Silicones 

Polishing abrasives 

Boron carbide 
Aluminum oxide 
Flint 
Garnet 
Emery 
Rottens tone 
Pumice 
Tripoli 
Diatomaccous earth 

Ref: 1 
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SECTIO:'i 3 

Toxicity, Sct;,:plir:g ancl ./\.nalysis of Addi ti.o :~3. l 

Orgc.. r!i.c 

Solveats 
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-------------

o.r.· 

~.lice e:-:poscd to 11,000 pp:n for 3 hours snr·-;,ive; 

about 15,000 ppm • . 

Various e;-:perlment.:?-1 animals e:~r,osed to 5,000 p;,,:: 7 h1·s/dc:.y, 5 c'.ays/ws, 

for 6 r.10nths sho-.ved no 2.bnorr:!al pn th(>logy; at 10, 00/J ~•;.:, 0;1 s:Light. i-.2.:,·cosis w:is 

obser-ved. 

Chlo:::-ide is mildly irritati~g to the s:;in; eye 

painfcl and irritating, but not injurious. 

l- ~~-,-, r-, ·r, -f" •:-t,; ' T' ; -- ..... .,...1... J 1 One ··•~ac-;;,, •• .,__at'-'.L-L} -"' .iepo~ L~d. 

It has recently been shown that rnethylen2 chloride is m~tn~ol~zed to 
2 

c2rb-'Jn m-:::1c.:--:ide in i11.ur..2.n.s. 

~edical College of ~issonsin. 

= 5:JQ P}Jm 
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1. Gr~ti1.t: 

'ILV == 100 ppm 

::-ra1Jhthas a::.·c co;nbi,,2.tions of various pctro~'"'u:,1 clistillfites. GC a1,aly:,;is 

1;1ust be t1sed to de~ermine COinposi t:i.on .. 

-71-



fla n ge ~nd Sensitivity 

0.1-10 l!~l.l; 0.1 l !f,;ll 

l..,1· c·::; i t; i 0:1 

< 5';: RSD 

Interferences 

1) sulfui· dioxide, removed by adding lS 2.ci tone to re2::;-2nt before use. 

2) 03 

3) PAN 

4) other nitrogen oxides 

5) s~rong oxidizing or reducing ngents 

Effec~ of Storage 

3-4% loss of color/day 

1. l\lOSH :.:::-m,1al o.f _:;_nalyt:i.c2l :·.Ie t;}1ocls 
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Inor;anic Pigments 
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type: bulk s2.1:1,Jlc of ;•.,hi cc pi.;;ment 

::!ppara tits: not stated 

flow rate: not pertinent 

sampling time: not pertinent 

S2.cple J't!l3.lysis 

type: wet chemistry 

app2rtus: wet chemistry 

proc:edure: 1) add nmmonium hyc!.roxide to HCl-insolu'.:;7_:_:: frnc:tion of 

B~SO,. 2n21:,~sis unti 1 f2.i:nt p::. ... ecipi ta:::1t for1:1s, 2.dd 2:.rl co~lcen. ;:ra t8d 
'± 

i·iCl 

75 

2} dilute to 201) ml, p::iss rapid cui-rcnt of n
2
s thn,,ig-h 

3) filter, wnsh filtrAte with H
2

S, b~il filter e~d pre-

lo ,-,7 H ~r, .,_o l'i l ·t·,•c,f-.'=' ·'•-- '"'-2--'--4 L _.._ __ --··--

4) e·vaporate un·til copious }I,:,S·'.},11 furi:2 C"':011.~es, cc~,1, c~dd 

distillec~ JI., O and 
~ 

5) filtcY, 

75 
., ,c 

st:::e.::l l lu·. 

n.i te at 
__ ....__o 
c~u C, weigh as P~so

4 
"'.':::-ig-'.:t PbSO .x O. s;~:n x 100 

:"::Pb= 
original sa□ple wt. (g) 

method ~esignect fo.r onslysis of white pi~wents 

~o addition~l informatio3 giv2n. 
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On·.:. 

l 
1-;r_) c.-.. ~ ... _·e::~:.:.; dc.~a t:'.1~-; y: .. ~rc f,_,t;:·tJ. 

extr~cted fro~ car~an bl~ck, tested the carcinogenic ~ctivity of extracts on tl!e 

skin of mice. Si:•: 8CI:..:2_1:1ous carcino;~as ,.l:erc produced in 212 nnimals; i26 antrn:_!ls 
2 

survived the durntion of the experiment. 

Carbon black is used as a pigment in eye cosmetics. After two years of 

exposure, bl2ck pi~~e~t2tio~ of the upper tarsal border ttu~-&~eri, reported. 

Although there is ly~phatic infoltration and the pig~ent is surrounded by 

. . . l 3 r:1acxopnage.s in these cases, no symptoms are evic ent. 

No reference to toxic p:operties of anim2.l, vegetc:.ble, of law;:i blacks 

·was found" 

1. Ingalls: 

1950. 

Incii2~ce of C~ncar in the Carbon Black liidustry, Cancer, p. G52, 

2. vo~ Harn~ and ~allette: Studies 0!1 the ·ro:-.:ic.:ity c:uJ S~:.in Effects oI C<J1rr-

6:237--:2, 1052 

Toxicology of the Eye, p.229. 

type: 

- . : ·_-. 

- , 1 
ILL:3.C~S 
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-~ 
de~~:::.:.:-:""::-=~ 1.:;-:-.-}~ t1:e cr~n::1l·1-1.r; ±';a: 

l. The I r:c:..:s t2· .i2.l EnviJ·o,1.m.en t-I ts Eval uo. ti O!l 2nd Control, :JP. 1 115-:=->~. 
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r•7 ·-·•· .• 

1 

l Crd~c, Toxicology_of_t~~ Eye p. 173 

-78-



TLV 

type: 

sa,r,pling ti:::e: 

proceduTe: u3e ~esidue from 

1) trc::::,e;.:e~ residue to pl2tinun cr!.lcible 
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Effect of Stor~~e: noc stated 

Advan/Dis;:,d-,-an: r.ot st;,.tecl -

D. Van ~,0str2.nd Co., Inc., PrL:1c2ton 1963, ",701.2:0 - D.1691 
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rl ~/·~= c:.:..(·1 •; 1.::~1 s -: l ..':_id~-:. 
2~~~: t:~:::1:c:u .J. .. l (_; e!j i I ·1 , •. -. 

It l~~-t.:~:-· __ '.! 

of l. 0-6. G 
-:> ,, 

conc-?.~1...t):' ... :.ti.:~:13 of up t:.) 31 :::g/:-:i:-'. 0 

Emphysema, fibrosis and d2genera~ion of the kidneys, alteration in li~·9r 

function and bone ~arrow ch~nges have been associated with chro~ic CP~~iu~ 

poisoning. E·vidence exists th3.t the first signs ,')f chronic exposure 1nay 

the disease if prog7essive.~ 

1. Snell, Foster D. end L~sli~ S. Ettre, eds, 

5.L~a~ning: pp.88-89 

1 ' . ) 

Z) 

.!:.. ..!. • :- •.' ·t L • f.' S ·~~ (.t ·~• .., ' 
-----···-·--·-·----·--~--- ·- ··-

;'7 ·:- , ..... ,._ .. 
~ \ •• '.'I 

,·. (.: 
I. I • l. ·: 

-81-
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1 

Gleason.: Cll;;.i c,!.l To::icology of Com.!~,,2rc:i.,,,l Products. 

3. Grant: -,.fo:-:icolagy 0£ tl1e Eye, p<I 215 

S2cple Collcctio~ 

ty11e: 

appani tu.s: 

:flow r,:,_ te: 

type: 

1. 

,., 
.;. 

- Calci1.11n 
1 

Carbon:.:1te 

-f·ilt-·, .. ci;~::-, :[ro~n Pb80 ::u:~a]y:.-:is n,·;uLr:-11.:i.zed --.:.·J.t!1 ~11-:--~;:10:1.i1;_t: 
4. 

-82-
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, __ -j 

Cl ·i ~i ·l C !""t ·: ·i.-.~-! -._ -.~::: :.., l \.:.1 ;•.: J O f t_ ... _,,,'_:"'_ ... I·..:; j_ 2.l -,. •-· 
------

TL·v 
See bichro,,,:J. t2s 



C!1rrY:.,~ :,-~·] _i_,_··.~ • • s C:_.:;_~-2~:{:~-~-~1.~:,: .1.-~-~~: ~·~~::..·t.,1:1:. 1.t;...·~, b•.It ·, -:..~~~-::,,_:'.:_'" ;::;!t:.:.-~:•.:·:::. ·.~i.:l 

C '.~ '. ·, ·,·. ·••. __ ;_ .'.'i l_ ,•_·, · .. •. < :, ,..: ·, '. '· ." .. :_ .1._._,-: • 1 - " _1 ' -- r •• ::... - ~- .: .:..:~f~ cc.:. p,J1!~~...i ;·::~-~s J l().":'':.'.'.1."' f:.c:~ ~- .. ~- to:-~ j cl ty t!1.::.~ S'.).L-

of days or weeks after 
2 

See bich£u,=1ates 
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J L' 

,, 
f) ~·: "} . ,::-- ~ ~-~ .. ,j 

s_i.:. 

l. 
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..,; . 

........ 
\..,,· 

O. L-LU ., .. 

. ,. 
: .. :::. 

•• 1. 

Particles in n2ts 

L- • 1 ~ . :,· 

'1.· 

•. • I r . 

sJ.lght:ly in-

-.. .. •..!.. Tlt~niuw Dioxide by 
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b:rea thing zo:-ie 

personal saspling pu~p 

.SJ.;ttpling; time: 

type: colorl □etric 
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Autopsies following acute oval animal poisonings reveal fatty degeneration 

of the centrolobular regions of the liver, with injection at the periphery. 

Degenerative changes in the kidn2y are also appare~T, but to a lesser de-

gree than in the liver. Subcutaneous and intravenous administration pro-

duce similar effects. 

The urine and blood of rabbits fed 15mg tartrate per kg contained increased 

non-protein nitrogen. Jaundice was ·also noticed; fatty degeneration of 

liver and parenchymal neurosis was found in some anim2.ls. Animals fed 

2-6mg/kg had normal amounts of non-protein nitrogen. 

Antimony trioxide and pentoxide were tolerated by rats in doses up to 4mg 

daily; the pentoxide was less toxic. Injury to the heart resulted to rats 

fed lg/kg antimony metal, al thoug·h normal growth \':2.s maintained. Two 

scienti.sts report hemoporefic.: effects from antimony. The i.ntraperitoneal 

LD of antimony metal is set at lOrng/kg. 

Guine:?. pigs exposed to 45mg Sb03/kg for two hours daily for seven weeks 

and later 3hr/day showed extensive interstitial pneumonitis. The dosage 

corresponded to 1.6mg retained per day. Rats exposed to Sb03 for 14 

months developed chronic lipoid pneumonia. 

Antimo.ny trisulfide dust exposure to rabbi ts 7hrs/day, 5da/wk for six weeks 

at a concentration of 3.07rr.g/rn3 produced venmis co!!gestion in the lungs and 

areas of focal hemorrhageo Inflammation resulted from exposures to 27.8mg/m3 • 

Dogs' lungs were not significantly affected by exposures of 5.32 and 5.55mg/m3 • 

Some animals exposed to antimony comr:ounds developed flabby dilated myocardium 

tissue; microscopic evidence indicated parenchymatous degeneration. Humans 

given therapeutic antimony treatments l1nve developed cardiac injury. 

- 10:') -
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type: 
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the tissue 

Selikoff 
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1. Adams~ Occu0a~ional Corlt2ct Dermatitis, pp. 20, 41. 

3. Conde~sad Ch0~ical Dictio~□ry, p. 51. 

Sam~ling and Analy~is - Bichro~ates 
1 

Sam~le Cullectiun 

type: 

l C :.CT:1 

typ2: 

procedure: 

-lll-



i. 

l. p - 1 '.) 

p 5G. 



I. 

l. 2C., 

S ·-:. ~ ~j :_ -- ~ c--:- ~ 1_ --~ :.": :; -Lr.:.~:. 
··-·----· 

acid sol1:tic::i 

2. s,:·,,,1d.,e:..; ,. ,,c,. st[•:,·~'-:•.,·c1 ;;, 2.l">=• 2.-;,1 to:··· tecl i:,. 

C• 
~ ·,_~ :·;. 1. • •-·< -~::' ~~ t 2-!_:_J 7.~·-. 

•,1 
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photosensitizer.-,-
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l. 

/. 

5 

' I J. -.-

of 

.L,:i 

of 

.. ,. , -, Tr 

.:.t-.::Cal..S 

.. . 
·_ ~ :..::=ttI:=.; ~-- r·L ~~ ;_; 

1. 
110cc!!.I'J.t.Lo:-t.,J.1 E~·:7-~3uc:::'. to 1 1.~_:"-,~t:anLc Lec.2d) cr:L·t.2:.-:L2. £•Jr. a rcr·o:~~.=.:1,·L=•d 
s tc~.nd.:~t·d 11 

"} L-5 l:J~I' ~ o £ H.t.::-;-,, 19 72. 

8. ~~2-.:·2b,~L-;·: 1 f\ .. 0.~1 J .J .. ~.,-_L~:.1.:-:'.r~i::.·.--: '! 
11 ED.z·::c:.:! T:·:1-171--.} r- i ,. __ b:I "S:-::-:1.d TJ~1d::.!"J:- 110::;r.2.l 

U:c~2.:.1 Co:~cl.i~i0.!.7.S 11
, ~11--:: LE~r~..-.:~·..:t) Jo.nr.l-::1.r_·y 10; i97J:. pp .. 63--6!;. 

·, 
-•-'-· 

j -. 
L _J • 

! .' 

C0--2 '2 • 

I ' i 

I ,.., 1 r, ! . . ;, 
/ .. - i- I _1 ) '• . . r ~} ,. 

.- ' 
,._11• .• 



type - breathing zone 

appm·ntus - 0.45 µ cellulose me~~rane filter, mounted in 2- or 3-piece 

filter cassettes; calibrated pump 

flow rate - 2 1pm 

sampling time - 50 min. or more 

Sample Analysis 

type - dithizone colorimetry 

apparatus - wet chemistry; spectrophotometer 

procedure - ashed filter is subjected to dithizone method of analysis 

No other information given 

1. Occupational Exposure to Inorganic Lead - Cri te:i:ia for a Recom..rnended Standard. 

U.S. Dept. of HEW, 1972. 

2 
Sampling and Analysis - Lead 

TIN -

Sample Collection 

type -

apparatus - 0 .8 or O .45 f-l· cellulose membrane filter, eounted in 2-or 3-

piece filter· cassette; calibrated saaplicg pump 

flow rate - 2 1pm 

sampling time - 50 min. or more 

Saraple Analysis 

type - atomic absorption 

apparatus - wet chemistry, atomic absorption spectroscope unit with 

standard curve 

procedure - sample is ashed, organic matrix destroyed and 

1 ' . 1 · d 1 d l ' b ',, -"] .L..,. --~ .Q ::,· ~ _o_,_ so uai 1ze en ana yzea y JG G. ~~--

Range 

up to ,10 flg/rnl 

Sensi tivit.y 

0 .1 f.tg/ml 



PJ:··e cl s .i. on 

not co:;:pl2tely deterr-:.inecl 

Interfn.ren-:::2s 

none kno,.,.·2 

E£fact of Sto~·~ge 

sample ~ey be dislodged during shipping; prevent by placi~g clean filter 

on top of sample filter 

Adv ant ages/Dis adv ant ages 

1. simple and fast 

2. inexpensive equipment 

2. NIOSH Manual of .Analytical Methods 
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