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DERMATITIS AND COEXISTING FUNGOUS INFECTIONS 
AMONG PLATE PRINTERS 12 

IN'rnODUCI'ION 

In July 1936 the Public Health Service was requested by the direc· 
tor of a large printing establishment ,to investigate mrious com­
plaints of skin lesions among plate printers. In October 19:36 the 
Division of lndustrittl Hygiene of the N ationul Institute of Hettlt h 
began a study of the above condition. 

For a number of years plate printers employed in this establiHh· 
ment had suffered from recutTent lesions of the skin of the htmds nml 
forearms. In certain cases these lesions had rendered the employees 
totally disabled for their usual occupation for varying lcn~orths of 
time and also disabled for other work. These cases have been very 
resistant to treatment, even after removal from their occupational ex­
posure, and several employees htwe had relapses immediately upon 
returning to their usual occupation. The majority of these cases 
had been diagnosed as dermatitis venenata. The exact substance re· 
sponsible for the skin lesion was undetermined clinically. Many of 
these cases had also a certain irritant fungus infection of the feet. 
Therefore, the purpose of this study was to determine, ( 1) the po· 
tential skin hazards associated with this industry, (2) the incidence 
and type of the dermatitis among the employees of this establish­
ment, (3) the exact etiological factor in each case of dermatitis, and 
( 4) to develop methods of control. 

In order to acoomplish this purpose the following procedure was 
followed: An occupational analysis was made which was designed to 
present information on three factors: (1) Occupational data pertain­
ing to the number of employees by occupation and their activities, 
(2) the materials used, and (3) the sanitary facilities. 

At the completion of the occupational analysis a medical exam· 
ination of all plate printers was made in order to determine the type 
and incidence of the dermatitis. This examination included an occu­
pational history, past and present medical histories, a thorough exam­
ination of the skin, and a mycological examination of material from 
the hands and feet. Following this part of the medical examination. 

l Acting ,\sst. Surg. R, R. Price Dlnde flU! pntcll tf•!(tt~ ami aJ.utlsted In the tnbnlntlnn~•. 
·:: Sullmltted for publication July 30, 1oa8. 

(1) 
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patch tests with all the inks then in use at this printing plant were 
made on all employees who had a dermatitis of the hands at the time 
of the examination or who had a history of ever having had a derma­
titis of the hands, as well as patch tests on an adequate number of 
controls. This examination was made in order to assist in the de­
termination of the exact etiological factor in individual cases of 
dermatitis. 



PRELIMINARY OCCUPATIONAL ANALYSIS 

There are eight sections of n large building which nre ronrern~1l 
with plate-printing operations. With the exct•ption of one section, 
which is devoted entirely to rotary printing, the seven main sections 
utilize hand printing methods. This report is concerned with t!HI 
latter sections where manual methods of printing nre used. Rotary 
printing is essentially a mechanical operation, and the printers d01 
not come into close contact with ink. 

In all, 1,091 workers are employed in this estublishnwnt. Of tlws<', 
378 are exposed to inks. Three hundred sixty-five, or 96 percent, of 
these men exposed to inks were examined, us well us 24 controls. Tlw 
chief occupations for the employees under consiuerution are pre;;ented 
in table 1. 

TADI.E 1.-Total employed by occupation and ·•••x 

Occupation 

TotaL ...... ···---·~-· ...................... , ""' (Jjj 

Plate printer!! '·····--~~~~·~·w ............................. "". 
'Print4:'l'$' Q..'\Sl~to.nt:~ ... ... ··~- ••..•• ~· ~ ....... ~-· .............. . 
~fesscngers s .... -~-~-· .... ~ .................................. . 
Ink men'·······················--···--··--······-- ... ···-- .. . 
Clerks •... ·~.--~··-·~······ •........ .................•...•.... 
Foremen ..................................................... . 
Rotary press printers • ....................................... . 

t Controls-no ink exposure. 
t Handle fnks. 
s Exposure to gs.soltne, slight expoourt' to Inks. 

:t.:n 
0 

35 
12 
0 

12 
:.!'4 

DESCRIPTION OF OCCUPATIONS 

0 
M.l 

I) 

0 
12 
I) 
(I 

Totnl 

I, 0!11 

:w 
r.o~;.~ 

ar, 
1:.! 
12 
1:.1 
21 

Plate printers.-The plate printers wipe~! the excess ink from the 
engraved plate after it was daubed with ink by pres~ rollers, by passing 
the bare hands rapidly over the plate. This operation required con­
siderable skill since heavy wiping might draw too much ink from the 
engraved plate and thus delete essential parts of the printed sheet, 
and too light a touch might cause a smearing of the printed sheet. 
In order to facilitate the wiping of the plate, the printer passed his 
hands over a molded block of whiting (calcium carbonate) prior to 
wiping the plate. The excess ink which accumulated on the handH 
was wiped on an apron, which was usually heavily encrusted with 

(3) 
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dried ink from previous use. During any interval in which the plates 
are left standing, the printer cleaned the plate with gasoline to remove 
all traces of the ink and thus prevent drying in the engraved portions 
of the plate. 

To clean the hands after the course of work, the printer used a 
common sink containing light mineral oil in which were placed several 
pieces of cheesecloth. The printer immersed his hands in this oil and 
wiped tlwm with u ch~esecloth until the ink was removed. The hands 
were then washed with ordinary soap und water. These soaps were 
common bmnds of soap widely used. 

Pructicully all printers in a section used the one trough of the sec­
tion. The oil in the oil trough soon became discolored, and contami­
uated with the various inks and dirt and other material from the 
printers' hands and arms. Fresh oil was placed in the trough once 
weekly. Howe,·er, once or twice daily the oil was drained from the 
trough and foreign matter in the oil was allowed to settle, and the 
supernatant oil was poured off and placed back in the trough. There­
fore it was apparent that all men in one section had exposure to all 
the inks used in that section m·er a week's time, unless they did not use 
the common trough. 

After the hands were washed in the oil trough, which takes away 
most of the ink, the men washed their hands and arms in either hot or 
cold water, using white or yellow soap. A large number of the men 
used a stiff brush on the hands, some used salts of tartar (potassium 
carbonate) with the brush, others used ordinary white sand, and some 
used all of these cleansing agents. After this the men used paper 
towels to dry the hands. 

The hands were cleansed in the above manner twice daily, and the 
extent of the abrasive action of the above mechanical cleaners wns 
great, especially when the friction from wiping the plates is 
considered. 

Printers' a.~Rwtants.-Ench printer had two assistant printers, gen­
erally girls, one of whom placed the paper to be printed on the en­
graved plate, and the other removed it after being printed. The 
paper used was slightly dampened in order that the ink from the 
engravings might be drawn to the paper and thus secure an even im­
pression. The printers' assistants took care of the material printed 
by each machine and noted any obvious errors in the printing or any 
other faults which might develop in the plate itself. 

M essenger.~.-Messengers carried the printed and unprinted sheets 
to and from the printers. The messengers did not come in contact 
with any ink. 

Ink men.-Ink men cleaned the ink fountains of the various ma­
chines and supplied the ink as required. Since all the inks contained 
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a certain amount of drier, a considerable amount of cleaning of the 
fountain was necessary. Gasoline was used to ch•nn the fountains. 

Clerks.-The clerks kept tallies on output and pny rolls. 
Foremen.-The foremen were responsible for nllotting the work 

to the vnrious printers nnd for giving a secondnry check to the sheets 
printed. They moved continuously about their respective sections 
and made such corrections on the printing procedure ns might be 
required. 

Rotary-pre88 printers.-The rotary-press printers did not wipe the 
plates with their hands. They operated rotary presses on which the 
excess ink was removed from the printing surface by mechanical 
means. 

Inks U8ed.-The materials used in the printing sections were inks 
and dampened paper. Approximately 80 percent of all the inks 
used had a green base. Roughly, 20 percent was black ink. However, 
13 different inks were used. These inks were very complex in nature, 
as at least 30 coloring or tinting compounds entered into their com· 
position in addition to fillers, varnishes, oils, and driers. The con­
stituents of the inks were, as a rule, insoluble. 

SANITARY PROVISIONS 

In every case, as has been noted, the illumination, floor area, nnd 
ventilation were adequate. The cleaning services were conducted 
once each day and consisted of dry sweeping and washing. The 
printing machines were cleaned at the end of the day's work by a 
special force working usually at night. All the workers were pro­
vided with lockers, but no clothing changes were provided. The 
washing facilities were adequate. Showers were provided for each 
section. 

PHYSICAL EXAMINATIONS 

The physical examinations, including the mycological examina­
tions, were made in November 1936. All physical examinations were 
made at the printing establishment. Two or more physicians ex­
amined each case. No patch tests were made at this time. The 
patch tests were made in January and February 1937, and a descrip­
tion of the method used and the results obtained will be gi\·en in a 
later portion of this report. All employees with dermatitis of the 
hands were observed over a period of 4 months. 

GENERAL DESCRIPTIVE DATA 

There were 389 individuals examined; 318 of these were plate print­
ers, 47 were skilled helpers, and 24 were plate printers working on 
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rotary presses. Twenty-seven of the plate printers, because of their 
unwillingness, were not given a complete examination, but a com­
plete history was taken and an examination of the hands made as in 
the other cases. All of the plate printers examined were white males. 

The 24 rotary-press printers, at some period during their employ­
ment, worked as plate printers. However, at the time of this study, 
all of them had been rotary-press printers from 7 to 22 years. Their 
exposure to substances potentially capable of producing dermatitis 
was essentially the same as the plate printers, except that they did 
not wipe the excess ink from the engraved plate after it was daubed 
with ink by the press rollers, and they had relatively no ink exposure. 

The rotary-press operators were of the same racial extraction, of 
similar age distribution, and of the same general economic status 
as the plate printers. They had been employed for approximately 
the same length of time as the plate printers. The rotary-press 
printers were used as controls in this study. 

The skilled helpers were both white and colored men. Of the 
47 skilled helpers, 12 were ink men and 35 messengers or general 
utility men. The ink men carried buckets of ink to the presses and 
cleaned the ink from the buckets. The messengers and general utility 
men carried printed and unprinted sheets to and from the printers. 
The ink fountains on the presses were cleaned by either ink men or 
other skilled helpers, depending upon which happened to be avail­
able when the work was to be performed. The only exposure of the 
>killed helpers to inks was in cleaning the buckets and fountains. 
These men used gasoline (with 1.7 percent benzol content) on gauze 
for cleaning inks from their hands and occasionally in cleaning the 
edges-but not the surface-of the plates when taken from the 
presses, also in cleaning the ink fountains. 

PLATI' PRINTING STUDY 

Name -·-··-··-·---·-···-·-·----··· Ago -····· Age he~nn work ------ Ycnt·s 
worked -··--- Y<•nrs (llntc (lriutod ------ Nath·ity: Suhj. -···-- Moth. ----·· 
~·nth. ------ Ey"': ll L Hair: D J, 

Plnoo and years of employment 

Occupation 
t'ectloo Yr. Other Yr. 

Type or 
plateu~ 

C'olor5 of 
ink used 

Percent 
time oo.ch 
ink WBS 

used 
-----~ -----r---r---1---
i: ~.~~:::::::::.:.:::::: : :.: : :: .. :: : : .::::: -:::: ::: : ::::::: : :::::::::::: :::::::: : : 
4, ~*-·······················--"· .::::::: :::::::: :::::::: ::::::~: ::::::::::::::::::::::.::::::::::::: 
b. ·····--·-----------------····-· -··-··-· -···---- -·-·--·· ........ -·--·-···-·- ···-·····-·· -··-·-······ 

~: ::::::::::::::::::::::::::::::: :::::::: :::::::: :·:::::: :::::::: :::::::::::: :::::::::::: :::::::::::: 

Rctnarks: ·········-----···············-···············-···-···--------
T-;;~tin;~- fd1C ~ (e~t.) -_ -_-_-_-: :~:::: ::::: :::::::::- .. -------- ~ ---------- ------

---------------------~----M 
FlG&RE 1.-Porm u.sed for r~cording occupatlonnl history. 
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HISTORY 

FAMIJ.Y HISTORY 

Hay f~ver-------------· A"thmn----------------- t'rtlcnrln ••••••••••.••.•• 
Migraine--------------- Ringworm·-----~-~-----· Athlf'te's fc•ot-----------~ 
Other ~kin dtRenses_ ------------------------ _____ --------- ______ ... -- _________ _ 

PAST llEDJCAI. HISTORY 

Hny fever---------------· A•thmn .••••••..•• ------ l"rtlrnrin ••••••.••.•••... 
M il(rnlne. -------------- __ Ringworm_______________ At Itlrte's foot_ __________ _ 
Increns.ed s~·t'>ntiug-FN•t: Yes No. Othf'r pnrts: 1\•.s No. 
DE:BMATITIB OF HANDS: Yes No. Dnte of onNt!L----------------·-----------

Duration ______________________________________ NumhL•r of relnJ))-:l's _____ _ 
Treatment: Primte physician Self tt·entment Outpntient-
Whnt treatment did you the most ·----­
Duration of dermatitis after leaving work-------------------------------Loss of working time: Yes No. Duration ______________________________ _ 
Sensonnl exncerbatlon: None Fall Winter St.ring Stllnm .. r. 
Occupation at time of dermatitis nnd type of chcmknls U><'d---------------

Description: Palms Dor"1m Weeping Fi•sur<•s Itching Lkheulflentiou 
Erythema Vesicles-Pustules. (Circle initial lesion.) 

OTHER SKIN DISEASE! Yes No. 
Location ____________ Durntion ____________ Dnte of OJtset_ _______________ _ 
Dingnosi•------------------------ Occupation nnd speciflc <'ltemi<'nls ""'d 

n t tim•----------- --------- ___ -------------- _________ ----------------_ 
Prurltls of lesion: Yes No. 

l'RF..SF.NT Mf:DIOAL HISTORY 

DERMATITIS OF BANOS: Yes No. 
Date of onset ----------Duration __________ Numh<'r of r<'lnpsPs _________ .. 
'l'rentment: Primte ph)'sicinn Self trentmeut Outpatient. 
What treatment did you the most good'1--------------------------------­
Durntion of dPrmntitis aftE"r leaving work------------------------------
Loss of working time: Yes No. Durntlon ______________________________ _ 
Rensonal exncerbation: None Fnll Winter Spring ~ummer. 
Occupation at time of dermatitis nnd chemlrnls used _____________________ _ 

Description: Palms Dorsum W<'eplng }'i"ures ltchlug Erytht·mn·lidteul­
flcntlon Vesicles Pustules. (Circle Initial lesion.) 

OTHER SKtN DIS&\SES: No Yf'A. 
Location______________ Durn tion______________ DntC' on~et _____________ _ 
Diagnosis------------------------- Ot·cupntion natd ~pe<'ifit- <•ht•mknls wwd 

at tim•---------------~-----------------------------------------------
Pruritis of lesion: Yes No. 

Do you use seetion shower? Ye> No How often?--------------------­
Do you walk on Door with bare feet? Yes No. 
Do you use oil trough for cleaning bnnds? Yes No. 
Do you use common towel? Yes No. 
lftemarks: --------------------------------------------------------------- ----------------------------------------------- .. ~---------------- -------
------------------------~-------------------------------------------------· 

-----------------------------------------------------~--------------~-~----
-------------------------------------------------------~-------------------
----------------------------------~----------------------------------------

FIGURE 2.-Fonn used for recording pn.}lt nnd Jlrertent mC"tllcnt history. 
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EXAllll:\'ATIOi\0 

Markedly overweight Markedly underweight. 
Skin color: Normal Pule Flushed. 
Tremor: None Fine Course. 
Adenopathy: None Epitrochlear Inguinal Moderate l\larke<l. 
Perspiration: Normal Increased Dermographism: Present Ahsent. 
Width ot lnterdlgital spaces: Normal Abnormal. 
SKtN U\:SlONS: 

Distribution: Symmetrical Asymmetlicul Hands FPct Palms Fore-
arm Soles Between digits (numbers !tight Left Inguinal 
,\xillac BetW<'<'n thighs Pcrinnul Scalp Other locations. 

Configuration: Arciform Annular Irregular. 
Induration: l'resrent Absent. Destruction: None Atrophy Scan-iug. 
Color: Pink Fawn Grey Violet Other color------------· 
Type: l\lacules Pnpules Pustules Yesirles Edema Wheal Folliculitis 

Seales Crusts Fissures Ulcers. 
Border of lesions: Elevated Erythematous Scaling Polycyclic Satel­

lite lesions. 
Nails: Hands ~'eet Chalky (number Right Left Destruction 

Thickened Discolored Raised at free edge Striae Paronychia. 
Texture: Thick Thin Pliable Wrinkled Smooth Rough. 
Prurltlli: Present Absent. 
Description of first appearing lesion: ___ -----------· --------------------

Remarks: -----------------------------------------------------------------

Examined by ---------------------------

l•~IGUUt: 3,-F'orm u~ed for recording the dermatologkul exnmino.tiou. 
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LABORATORY 

DIRECT (MICROSCOPIC) 

Squames from hands _________ Palm•--------- Interdlgltal space": 1 2 3 4 
5 Foren.rms _________ , 

Squames from feet_, ________ Sol•---------- lnterdlgltnl spaces: 1 2 :1 4 5. 
Scl'Ui>lngs from fingerunlls: 1 2 3 4 5. 
S<'rnpings from toenui1s: 1 2 3 4 5. 

Other locutions ------------------------------------------------------------­
Remarks: -------------- ~-~------- ---- __ ~- -------- --------------------------

Culture palms: -------------· ------ __ ----- ________ -------------------------

Interdlgitul spnees: --------- ------------------ . ------------------------

Arms: ----------------------------------------------------------------

Fingernatls: --------------------------------------------- ___ --------- __ 

Soles: -----------------------------------------------------------------

Interdigital spaces: ----------------------------------------------------

Toenails : ------------- _____ -- ---- --------------- __ ----- --- ____________ -

DIAGNOSIS AND REMARKS: 

FIGURE 4.-Form used for recording mycolog1cnl exomlnntlon. 

OCCUPATIONAL HISTORY 

A careful occupational history was taken in order to determine the 
workers' entire industrial experience. This history revealed: ( 1) the 
total number of years the individual had worked; (2) each occupa­
tion in which he had been employed, with especial reference to his 
occupation as a plate printer, the type of plates, inks, and cleaning 
materials used, and (3) the duration of each occupational exposure 
and the industry in which it oceurred, including each section in which 
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the employee had worked, and the length of time employed in each 
section. 

Ninety and five· tenths P.ercent of the plate printers and 95.9 percent 
of the rotary-press printers had been employed at this establishment 
for 15 years or longer. The labor turn-over was extremely small, and 
the greut majority of the printers remained on duty until they were 
retired because of old age. Twenty-six and six-tenths percent of the 
plate printers and rotary-press printers had been employed for 35 
years or longer. 

The skilled helpers had been employed for a much shorter period. 
Seventy-four and five-tenths percent had been employed for 5 years 
or less. 

The majority of the plate printers, rotary-press printers, an<! 
skilled helpers had spent their entire working time at these occupa­
tions at the present place of employment. All the employees with 
dermatitis of the hands when examined, and all who gave a history 
of having had de11natitis of the hands, incurred this condition while 
working at this establishment. None of the plate printers who had 
dermatitis of the hands at the time of the examination had worked 
there less thnn 15 years. 

The years of employment of the plate printers and the rotary­
press printers were approximately the same. 

AGE DISTRIBUTION 

It will be noted from table 2 that none of the plate printers and 
none of the rotary-press printers were under 30 years of age, and 
only 1.2 percent were under 40 years of age. The average age of the 
plate printers and rotary-press printers was 52.6 years, while the 
average age of 10,143 male industrial workers studied by Britten and 
Thompson was 35.3 years (Public Health Service Bulletin No. 162). 
The average age (52.6 y~ars) of men with dermatitis was no different 
than the average age ( 52.7 years) of plate printers in general. 

TABLE 2.-Age distribution of plate printers, rotary-press printers, and skilled helper& 

Ago In rears 
Plate printers Rotary-press 

printers Skilled helpers 

Number Percent Number Percent Number Percent 

--------1---------1--·1--
Totnl .. -···-~~····-···-···--········ 318 100 21 100 47 100 

t·n~h.lr 20 .... .•.•...•.•.•••..........••.... 0 0 0 0 0 0 
20-:I'U .••• o • oooo•. •M•O. 0 ••• 0 Ooo •~o•o•OH ••• • 0 0 0 0 30 63.8 
:J0-..19. --··· •••··••• ·········-·············. 4 1.2 0 0 3 4.2 
40-19 ..• ~. -~~~·· •• -~··. •••·•••••••••••····. 117 36.8 10 41.7 g 19. 2 
fl0-59.u.oo•w•••••••••••••••••••••••••••••• 1<3 45 10 41.7 3 6.4 <10+ ....................................... M 17 4 16.6 3 6.4 
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SECTION DISTRIBUTION 

Of the eight sections, one, section 2, was utilized for rotary-press 
printing only, and all the rotary-press printers, 24, worked in this 
section. No cases of dermntitis of the hands were found among tlw 
rotary-press printers, and no rotary press printers gave a history of 
hn ving had a dermatitis of the hands while employed us u rotury-press 
printer. 

Section 8 was a wetting section and no plate printers \\We employed 
in this section. 

Sections 4 and 9 used hhtck ink only, and the remaining sections 
used various colored inks. 

Each of the three skilled helpers who had dermatitis of the hands 
"·hen examined worked in a different section, one in section 3, one in 
section 8, and one in various sections as a relief worker; each had been 
employed for more than 2 years in these sections, and in each case th(l 
dermatitis of the hands began while employed in these sections. The 
44 skilled helpers who were negative at the time of the examination 
were employed in relatively equal numbers in relation to the plate 
printers in' the various sections. 

Nine, or 42.8 percent, of the plate printers with dermatitis of the 
hands were working in sections 4 or 9 at the time of the ~xamination. 
However, none of these printers had developed dermatitis of the hands 
while working in either of these sections. Since black ink was used 
exclusively in these two sections, it was customary to transfer men 
with dermatitis to these sections in order to prevent further exposure 
to colored inks. This mnst be kept in mind during study of the tables 
that accompany this bulletin because these changes of exposure seri­
ously complicated the interpretation of these data. However, men 
having various colored inks on their hands and forearms from other 
sections used the oil trough and wash rooms of sections 4 and 9. 

Forty-two and eight-tenths percent of the printers with dermatitis 
of the hands at the time of examination and 16.2 percent of the printers 
who gave a history of dermatitis contracted the dermatitis of the 
hands while employed in sections 5 and 6. Both of these sections were 
sections in which various colored inks were used, and in which the 
color of the inks varied from week to week, depending upon the type, 
of printing being done. Various inks were also used in sections 3 
and 1. Section 7 used colored inks to a less extent. since quite a bit 
of black ink was used in this section. 

Forty-three and three-tenths percent of the plate printers who gave 
a history of having had a dermatitis of the hands while employed at 
this establishment contracted the dermatitis while employed in an old 
building, which was in use until 1914. This old building consisted of 
a main room, where some 300 men were employed, and four small 
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rooms, in each of which approximately 40 m~n worked. .All these 
printers used hand presses. An additional printing room was lo­
cated in the bascm~nt, where 25 men did plate printing on the only 
power presses then in use at the establishment. There were no rotary 
presses in the old building. 

The exposure of the plate printers to various colored inks was very 
similar in the old building to that in the new, except that one man 
would print approximately 800 sheets a day, compared to 2,400 to 
4,800 on a power plate press. The printers, with ink on their hands 
from plate printing, would operate the presses by turning wheels. 

The washing and cleaning facilities in the old building were prac­
tically the same as in the new, including the use of oil troughs, sand, 
yellow and white soap, salts of tnrtar, and brushes. 

It is impossible to determine at this time the exact exposure of ml)n 
by sections in the old building to correspond with that in the new. 

The study of the section distribution of the printers reveals that 
only one of the printers contracted dermatitis of the hands while em­
ployed in sections 4 and 9, where black ink alone was used, and his 
dermatitis was due to cleaning the hands with sand, and that no cases 
occurred in the rotary-press section, section 2, and that only one case 
occurred in section 8, the wetting section, and this case was due to 
contact with the solution of glue. It will also be noted that derma­
titis of the hunds was incurred only in the sections using colored 
inks. 

The duration of employment in the above sections will be discussed 
later. 

CLEANING MATERIALS 

The following materials were used by the printers to cleanse the 
hands of inks: 

Light mlnernl oil. 
Benzine (gasoline). 
White and yellow soup. 
'Vnter. 
Cheesecloth. 
Sand. 
Snits of tartar. 
Hair brushes. 
Potnssium enrbonnte. 
Towels, both paper and cloth. 

The cleaning process is described on p. 13. 
The mineral oil used in the oil troughs was a commercial grade with 

a specific gravity of 0.865 at 60° F., and having a flash point of 
347° F. 

Th.e benzin~ or gasoline used to clean the plates was ordinary, com­
mercml gnsolme. A sample of this gasoline was fractionally dis-
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tilled to detennine its benzol content. 400 cc of the crude gusolin~ 
yielded 31.5 cc of muterial boiling with Ts• to 9o• C. rnnge (l>cnzol 
boils at 80.3• C.). This fraction was ugnin frttctioned, yielding 
7 cc-the maximum "benzol" fraction. This muteriul wns nitrutt•d, 
reduced, and tests were mnde for aniline. These tests were positi\'e. 
The quantity of benzol was, howe\'H, ,·ery small and not. O\'er 1.7 
percent in amount. 

Se\'eral kinds of soap were used for cleaning the hands. The two 
principal ones were (1) a white, floating, toilet, cuke soup madt• 
from soda and a mixture of high-grade tallow with 25 to :JO pet'Cent 
of cocoanut oil, of light color, without offensive odor, and thoroughly 
saponified, with free alkali not exceeding 0.15 percent, chloriue untlt•r 
1 percent, and free of resin, sugar, and foreign material; (2) ordi­
nary laundry soap made from soda and fats, uniformly mixeu, with 
no excessive proportion of resin, and contnining only a motlerute 
amount of material not soluble in alcohol, with free alkali 0.5 per­
cent or under; (3) a powdered soap of light color, free from dis­
agreeable odor, a compound of soda and fats, without resin, with 0.5 
percent free alkali or less which was used for cleaning the floors and 
woodwork. However, some of the printers asked for and recei\'ed 
this powdered soap from the washroom attendants to mix with the 
sand to use in cleaning their hands. 

Cheesecloth was used to rub the oil and ink from the hands and 
forearms after washing in the oil trough. 

Clean, dry, silver sand, obtainecl from local sand and gra\'el con­
tractors, was usecl. 

The salts of tartar (potassium carbonate, U. S. P.) was purchus~d 
by the printers. 

The brushes, usually of the hog bristle type, were also pnrclmsed 
individually by the printers. 

Paper or cloth towels were used to dry the hamls. The finger 
nails were usually cleaned by packing soap under the nails and 
removing the soap with the point of a pocket knife. 

The workroom for each section contained a shower bath, and the 
majority of the printers used this shower at the end of the day's 
work. During the time the printers were undressing, using the 
shower, and dressing, they walked over the floor with the bare feet. 

Cases of dermatitis were tabulnted according to the method of 
cleaning hands that was in use at the time of examination. The 
interpretation of these data was complicated by the fact thnt plate 
printers changed the method of cleaning their hands when they 
found they had dermatitis. This does not mean that the eleuninj! 
materials were not a factor in the cau~e of the dermatitis; it may well 
be that the cleaning materials did play some part in the cause of tlw 
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dermatitis, and also in the aggravation of the dermatitis, after it 
once was incurred. 

The rotary-press printers and the skilled helpers did not come 
in contact with ink to the same extent as the plate printers. The 
only time the rotary-press printers got ink on their hands was when 
they filled the ink fountains or handled freshly printed sheets. They, 
therefore, got only a small amount of ink on their hands. It was 
not difficult for them to clean their hands, and the abrasive action of 
the cleaning materials was practically nil compared to that received 
by the plate printers. 

Some skilled helpers were exposed to a small amount of ink when 
they cleaned the ink fountains and ink buckets, but many of the 
skilled helpers had no exposure to ink. The chief substance to which 
the skilled helpers were exposed was benzine, which they used to 
clean the ink fountains and ink buckets. According to the histories 
obtained from the skilled helpers, 21 used benzine to clean the ink 
fountains and buckets, 1 used benzine to clean the ink from their 
hands, and 19 had no exposure to benzine. Only three skilled help­
ers had a dermatitis of the hands at the time of the examination and 
none of these was due to their exposure to ink. 

TYPES OF PLATES USED 

The plates used by the plate printers were made of ilither steel or 
iron, and were chromium plated. They were 16lf2 inches by 18% 
inches in width and length, respectively, and ·Prr inch in thickness. 
The printing surfaces had depressions of almost infinitesimal depth. 

The physical effects of hand polishing the faces and backs were 
the same, and the quantitath·e exposures to inks were identical in 
each. Black ink alone was used on the faces, and inks of various 
colors were used on the backs. 

Although approximately 25 percent of the plate printers worked 
on face plates, and 57.9 percent of the plate printers who had derma­
titis of hands when examined were thus employed, this is explained 
by the fact that the Iutter men were assigned to faces in order to 
avoid exposure to colored ink. 

It has not been shown that the type of plate is important in the 
production of dermatitis, except for the color of ink used thereon. 

INKS USED 

Detailed description of the ink~ is given in the section on patch 
testing. 

Of the 21 plate printers who had dermatitis of the hands when 
exnmined, 11 were then working with black ink, 1 with green, 1 with 
red, and 8 with miscellaneous colors. As previously mentioned, none 
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of the'e 11 men had de¥eloped his original dt•rmutitis while working' 
with black ink, but had been changed to the black from \'Xposure to 
various colors because of having dermatitis. 

Except for the black-ink work, the variety of coloretl-ink el!:posure 
was so great and the changes of employment from one color to an­
other so frequent that it is impossible to chart useful information as 
to the specific colors involved. 

It appears that black ink, per se, is not a factor in the production 
of plate printers' dermatitis, but that exposure to various colored 
inks is of etiological importance. 



PAST AND PRESENT MEDICAL HISTORIES 

The past and present metlical histories were taken on each em­
ployee, and were designed to reveal ( 1) the personal histQry and the 
family history of the allergic conditions, hay fever, asthma, urticaria, 
migraine, and chronic eczema; (2) the history of dermatitis of the 
hands, with the date of onset, tluration of the tlermatitis, number of 
!'elapses, by whom treated, the duration of the dermatitis after leav­
ing work, loss of working time, seasonal exacerbation, the occupation 
and the type of chemicals used at the onset of the dermatitis, and a 
description of the dermatitis; and ( 3) the history of dermatitis other 
than dermatitis of the hands, with its location, duration, and 
diagnosis. 

Thirty-seven plate printers ga,·e a history of having a dermatitis 
of the hands which they considered due to their occupation. Three 
of these plate printers are now employed as rotary-press printe1·s, 
and have had no dermatitis of the hands since being employed as 
rotary-press printers. None of these 37 employees had a dermatitis 
of the hands at the time of the examination. 

T ABLS:. 3.-History of the all~rgic c(Jndilions, hay fever, asthma, migrain.f!, urticaria, 
and for chronic ec:::ema 

Plate printers 

Present dermatitis History of dermatitis No dermatitis 

Num- Num· Num· 
Per· h<lr Total Per· ber To tnt Per· her Total oout )Kl!il• cent posi· cent pool· 

tl\'6 tire tl\'6 

----------------
Family hl~tory .. ... ·~----". 23.8 ,\ Zl 21.6 8 '37 15.7 •• 263 
Past ~fS(lbal history ....... 38.! 8 21 37.9 14 137 16.8 H Z63 

I Throo rotnr~·-pross printers who ~a\'e 8 pwt history of dermatitis developed the:' lesions while working 
as plat(l prlnwrs, hence they are tobulated as J>laW printers here. 

The allergic disorders, hay fever, asthma, urticaria, migraine, and 
chronic eczema occurred somewhat more frequently in the families 
~f men with dermatitis than in the families of men who did not have 
dermatitis, but this does not seem to be an important difference. 

Past personal histories of allergy were reported more than twice as 
often among plate printers with dermatitis present and those who bad 
had the skin disorder, than among those who had never had dermatitis 
of the hands. These positive histories were one-sixth more frequent 
among the plate printers with dermatitis present than it was among 
the plate printers who gave a history of dermatitis of the hands. 

(16) 
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The number of men and the incidence of dermatitis in the rotary 
press and skilled helper groups are too snmll to drnw nny conclusions 
as to their allergic histories. 

TABLE 4.-Date of omet of the brmatitu amnn~ plate printPrs accordinB to the pa.u mrdirol 
hi•wry 

Ycnr of onset 
nrrmntltl'l 
or hands at 

Jtrt.wtlt 
(numtwr) 

TotaL .. -~·~~-.~-"" .. "" ....... ""............................. . . . . . . . . . . 21 

f>n.~t hl~tnr)· 
rlcrmntlli:lof 

hl\f)(t~ 
(number) 

1---::-1----: 
lOil0-1005 .............................................................. :..... 2 4 
IOOIHO.................................................................. 4 3 
1911-1.5.--------------------------------------------------- ············." .. . 2 8 
1916-20..................................................................... 3 6 
1921-25..................................................................... 2 3 
1926-30.------------------------------------------------.---- ... -------..... 3 • 
1930-35.------------ ....... ............ ······· ........ ··•·• ·---···----- ... - • ll 
1D36 •..•..................... ..........•........... -------···-·········· 1 4 

It will be noted from the above table that during ench 5-yenr 
period, two to four cases occurred among the employees with der­
matitis of the hands at the time of examination, and three to eight 
cases occurred among the employees who gave a history of having 
had a dermatitis of the hands. When the above cases are considered 
by each year instead of 5-year groups, the same relative proportion 
of cases is shown. It is, therefore, observed that the incidence of 
dermatitis was approximately the same per year from 1900 through 
1936. 

TABLE 5.-Du.ration of dennalitis of tim l1anJs art:Orrlin~ to pasl ami p~t·nl mPt/ir.al 
historie." 

Duration In years 

ncnnafltb~ 
of h11nds nt 
time o( ex­
amlnntlon 
(number) 

Hfll.tnry or 
d~rmntltl1 or 

tho hanr!.'l 
(number) 

TotaL................................................................. 21 37 
1---:-1----:::: 

Loss than 1 year............................................................. 2 2!i 
1 to5years.................................................................. 5 12 

fi%1~!~:::::::::::::::::::::::::::::::::::: :::::::::::::::::::::::::::: ~ r, 
16to20years ............................... : ............................... t 0 
21 to25years................................................................ 3 o 
211 to ao ---<!8J'S........... ... . . • . .. . .. . . .. . . . . . . . . . . . . .. . .. . . . . . . . . .. . • • n 
1l.loret.han3lyears...................... ............................... :.! o 

The duration of the dermatitis of the hands among employees with 
the condition present at the time of the examination varied from less 
than 1 year to more than 30 years, while among the employees who 
gave a history of dermatitis of the hands but who were negative at 
the time of the examination, the duration varied from less than 1 year 
to Ies~ than 5 years. 



In seven of the cases of dennatitis of the hands at the time of the 
examination, the dermatitis had been present continuously since its 
onset. In the remaining 14 caSes the dermatitis of the hands had 
been intermittent, with periods of a few months to several years of 
freedom from dermatitis of the hands. In the seven cases that were 
continuous, the severity of the dermatitis of the hands ranged from 
very severe, causing the employee to be off duty, to very mild lesions, 
causing no inconvenience to the employees. 

TABLE 6.-Duration of dermatitis of the hands after leaving uwk 

Dermatitis 
ot hands at 

Duration of dermatlti.~ of hands after lea\'iDJC work time ot ex­
amination 
(number) 

History or 
dermatitis or 

the hands 
(number) 

TotaL................................................................ 21 37 
1----1------: 

lA:l$S thnn 1 week .......................... -----------------------------·-··· 1 4 
1 to 2 weeks •••••.•.•.•••.••.•.•••••••••••.••..••..•...•............ -----.... 2 4 
3 to 4 weeks ............... ---· .... ____ ._. __ ... __ ._. _____________ ......... -~. 5 3 
I to 2 n10nths ..••...... ---··--- •.•. __ . _____ .......... __ ................... ___ 2 2 
3 to 4 months................................................................ 2 2 
I\1 ore than 4 months ___________________ ----·-- .......... _ .................. _. 1 l 
No loss at working time ....••..................•...........••••.... ____ ..... 8 21 

Among the employe~s who gaYe a history of dermatitis of the 
hands but were negative at the time of the examination, there was 
a higher percentnge of cases who did not stop working on account 
of the dermatitis, and also a higher percentage who recovered from 
the dennatitis in 1 to 2 weeks after stopping work, than among those 
employees with dermatitis of the hands at the time of the examination. 

It will be noted that 23.8 percent of the cases with dermatitis of 
the hands at the time of the examination and 13.5 percent of those 
cases giving a history of dermatitis of the hands did not recover 
within one month after stopping work. It is possible that secondary 
infections may have been the cause of some of these prolonged 
recoveries. 

TABLE 7.-Estimote of the total loss of toorking time of all employees due to dermatitis of 
the hands-(per employee) 

Number of plate 
printer~ who hart 

IQ!t the amount 
Loss of workin~ time in months: oftimuptdfied 

Less than H month... --····--··-·---·--··-·····-----·-·--··- 9 
~ to 1 month ...... ___ .. __ .. _ .... ________ ... _ .. _. _. _____ ... _ _ _ 5 
l~to2months........... .............. ···----· .... 2 
2~ to 3 months..... . . ....... ....................... 2 

~~ ~ ~ :::~~~~~:::::::::::::::::::::::::::·::::::::::::::::::: ___ 3 
s:Ho 6 month•-------·-------------- ·-·-·-··· . ··-··------ 2 

!!~~~~~:::::::::::::::::::::::::::::::::::::::::::::::::::: ~ 
Total._--- ..••. ___ ..... __ .•.... ______ ---;G 

Numbe~ with dermatitis or with history of de~~atiti~·-a-;;d-~o-loss-of 
workmg t•me .......•...•.••. -·-·-··-·--·-·-··------·--·---- . 32 
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The abo-re table is an estimate of the total loss of working time by 
plate printers due to dermatitis of the hands from 1010 to 1936. It 
was impossible to l!et an accurate account of the time lost. It will be 
noted that approximately one man's working time for 13 years has 
been lost due to dermtttitis of the hands in this one establishment 
since 1910. 

Forty-one men out of a total of 58 had no seasonal exncerbtttion 
of the dermatitis. Of the 17 men who did have seasonal exncerbntion, 
this was in the spring in two instances, summer in 11, autumn in 2, 
and wint~r in 2. There was no seasonal exacerbation of the derma-

. titis among the skilled helpers who had dermatitis of the hands. 

TAB I.E 8.-lnk used at onset of dennatilis 
--···--······ -------.,----.,-----;---

lnk.:~ used 'l'oto.l 

Dennntltlsothnnds Pnst history ot der· 
a.t time of exiUD- mntltis ot bands 
inatlon 

Number Percent Number Percent 

---
TotaL.~~--~···*···· ..... -~-·-~- ... __ ··~-· ..... 21 100 37 100 .. 

Green Ink-~-·- ..... •w• ••• -~-· ••••••••••••••••••••••• 9 42.8 13 35.1 .. 
Colored inks, genernL ... ~---········~~---·········~~ 3 l·t3 6 13.5 • Red ink---~~~-~~·-··· ............................... 2 ••• 1 2. 7 3 
Black ink~·-···~---··············-~·-···········~···· 0 0 7 18.9 7 
Blue ink---~~- ....................................... 1 •. 8 2 6.4 3 
Gold Ink-----~- ................ -~~- .. " ......... _ ..... 0 0 2 6.4 2 
Orange ink ........................................ ~. 0 0 1 2. 7 I 
Gold and blnck ink ................................. I • 8 0 0 1 
Green und red !niL .•.••............•.......•.•.... ~. I .. 0 0 I 
Purple and pink. .................................... 0 0 1 2 7 I 
Red, green, and orange ................. -~--- ........ 0 0 I 2. 7 I 
Black a.nd green ......... H·························· 0 0 I 2. 7 1 
Unknown ........................................... • '" 2 '-' 6 
Stamp glue .......................................... 0 0 1 2. 7 1 

Of the employees who gave a history of dermatitis of the hands, 
or had dermatitis of the hands at the time of the examination, 56.9 
percent stated they were working with green ink at the onset of the 
dermatitis. 

Although the men were working with specific colored inks nt the 
time of the occurrence of the dermatitis, they were exposed to other 
colored inks when they cleaned their hands, as was noted in another 
part of this report, and therefore too great importance can not be 
attached to the ink they were working with at the time as the definite 
etiologic factor. 

The general description of dermatitis of the hands as given by the 
plate printers was that, in most cases, redness (usually with itching) 
would appear, followed in a day or two by small, elentted areas 
(vesicles) resembling ivy poisoning. New crops of these lesions would 
appear every few days. There would often occur oozing of serum from 
the elevated areas, sometimes, but not always, due to the patient's 
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scratching the surface. In other cases dryness of the skin, redness, 
and cracking (or fissures) would occur. In many cases all these 
symptoms would occur, either simultaneously or in cycles. 

TABLE 9.-D,.cription of tile dcrmatili. according to past nwdicolllistory 

Past history of dl'!rma· Dermatitis of hands at 
titls oil he bands Jlrcsont 

1Je!4Crlptlon 

Number Percent Number Parccnt 

'I'ot.nl number c:uunlnOO ...... .................. . 37 100 21 100 

Locullon: 
PahM ...••...... .••••.•..........••.............. -- 5 13 5 D <12.' 
DorsUID .... _. __ . _. __ ............ __ .. _ ............ -- 32 ""·. 12 67. I 

2.1 67.5 • <12. 8 
8 21.6 6 23.8 

\Veeplng.~······· .. --··-- ...... __ .... ---·····--- ..... __ 
}'issures .............................. ....... -.--- ... -.-
Itchlnp: .••.•..••... _ .. ____ ......... __ .. __________ ...... _ :!8 75.6 12 li7. 1 
I.tchcnificstlon ........... ........................ -.... . I 2. 7 I 4.8 
Erythema............ . .... ···-· .................... -- 10 27.0 2 u 
Vesicles •.•.•...................... ..................... 20 M.O II li2.:J 
Pu.stulcs ... d ••••••••••• ................ - -· ........... - 3 8.1 3 u 

TAU I.E ] 0.-Len/l.th of time aftn beginning toork before dermatitis of hands dev<Wped 

Plnte printers 

Length of time after t~runnlng work before dermntltl<t Dermutltls of hands nt lllstory of dermatitis 
de\·eioped (years) present ot bands 

Number Percent Number Percent 

21 100 

0 0 
2 u.s 
I 4.8 

TotaL.······-···················-- ............. . 
1-----1-~-1---~1---~ 

CHl.9 •••••••••••• - •••••••••••••••• - •.•.•.•. ·- ------ .... . 
1-1.9 ..• •..... - .. --.--- ........ - ... -........... -- ...... . 
2-2.9 .•• -.-.- ......... -.. -.-.- ............ --------------

37 100 

2 6.4 
2 5.4 
2 5.4 

3-3.9 .•• -- .•.. ···-·· .. - .. -------··-- .. ·-·· ............. . 1 4.8 2 5.4 
4-4.9 •• - ••.•••..••. - ...••..••.••••....•••• -. ---------- •. I 4.8 2 8.4 
6-9 .................................................... . 6 ZS.6 6 16. 2 

2 9.6 
I 4.8 
I 4.8 

IG-14 ... .............................................. .. 
15-10 .•. •••......••• "- .•.•.•.•••••.•..•••....•.••.•• -- .. 
20-24 .. ...•........ ". " ................................ .. 

4 10.8 • 13.5 
5 13.6 

3 H.3 
2 0,6 
I 4.8 

25-2'9 •. ............... " ........................... "'----
30-31... -·- .. -------.------ ·- •••••.• - ....... --.- .•. - -·-. 
3>-40 ••••••••••••• ····---·-- ·----· .•. - ..•..•.••• ·- ·- •••. 

3 8. I 
2 6.4 
2 6.4 

There was marked difference in the length of time after beginning 
work at this establishment before the onset of the dermatitis of the 
hands. 

At the time of the examination 47.6 percent of the employees with 
dermatitis of the hands and 59.7 percent of the employees who gave 
a past history of dermatitis of the hands had worked for 10 years 
or more at this establishment before the occurrence of any dermatitis 
of the hands. 
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TAnL£ 11.-D...,riptWn of the dermatit~ of. the hand• al the timr nf thr ph_'IC'Iiml 
exammanon 

Plntt~ ruintN'! 

Description 
N'mnhcr I rPrt't'nt 

Total number.······-·-·---·------·-········· ....................... ____ ._ 21 H•l,O 

Distrihutlon: 1-~-+---
Syrnmetrica.l .••• _ •• __ .•.. _ .•..•••••••••••••••••••••••••••• _. _. _. __ ••. _ .• __ . 
Asymmetrical. .•••....••.•.•••.• __ .•.• ______ . ___ .. __ ...............•........ 
Between digits ••••••••••••••.•.•.•••••••••••..••••••••••...... _ .•••.•...••.. 
Rl~~:ht hand only •••• ·········------------·---- •••••••••••.••.••••••••••••••.• 
Lf.>ft hand only •..•...........•.•.•...•.•••...••• -~- ........... H •••••••••••• 

Both hands .. -- .......... ·······-~··· ..••..••.•.•...•...•...•••..••••.•••••.. 
Palms •••••••.•••...•...•.•..•.....••...•••.•...•............•... ~ ........ -.. 
Dorsum.~·-~········ ....................................................... . 

Conl\gurntion: 
Arciform................................................ . . . . . . . . . . . . , 
Annular .............................................. ~···········"" ...... . 
Irregulnr_ ................................................................... . 

Destruction: 

:~~:::::: :::::::::::::::::::::::::::::::::::::: :=: ::::::: ~::::::::::::::: 
Induration •••.•• ------·· •••••.••••••.•.•••••.••....•.•...................... 

Texture of skin: 
Smooth.---~·~· •••.•.......•• ~-···~· .•..•...•.•.•.•.•.......... _ ............ . 
Rou~o:b ...•••••••••••••.••• --------- ••••••.••.••...•.......••••••••••••••.••.. 
Thick •••••••••••••••••••••••••••••••..••.••• -····-----··-·--······--······-· 
Thin .•••••....................................•.••.••..•..••••••.•.•.•.•.. ,_ 

Predomlnnnt type of le:'!lon ot tlmeot examination: 
1\Iacules ............................................................. _ .• _ 
PBpules.~······ ..•.............. ·····--····~··· ........... _ ... _ .. . 
Pustules ......................................... -· ........ -...... . 
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At the completion of the history the employee was stripped and 
the entire skin surface was examined minutely. All examinntions 
were made with natural illumination. The slightest skin abnormality 
of the hands and arms was noted, and any skin lesion was described 
in detail on the physical examination form (fig. 3). 

As noted in another part of this report, 21 plate printers and 3 
skilled helpers had a dermatitis of the hands at the time of the physical 
examination. 

The above table gives a. description of the dermatitis on the day of 
the first examination, since the severity and type of the lesions changed 
from day to day. 

It is desired to emphasize the fact that these cases of eczematous 
dermatitis did not present a picture characteristic or diagnostic of 
any given specific causative agent. 



MYCOLOGICAL EXAMINATIONS 

The mycological study was made in order to determine whethel' 
pathogenic fm1gi were either primary or contributing etiologic agents 
in the dermatitis. 

After lUI examination of the skin of the. entire body was completed 
special attention was given to an examination of the hands and feet 
for clinical evidence of fungous infection. A notation of clinical der­
matophytosi& of the feet was made when one or more of the manifes­
tations noted by Whitfield were present, viz, ( 1) acute vesiculo-bul­
lous manifestations with the characteristics of vesicular eczema; (2) 
chronic intertriginous manifestations, characterized by whitened, 
sodden masses of epithelium between the toes; (3) chronic hyperkera­
totic manifestatiom characterized by large and irregular masses of 
overgrown horny layer. All of these manifestations are usually ac­
companied by itching. 

The difficulties encountered in making a diagnosis of dermatophy­
tosis of the feet from the appearance of the lesions alone are great, 
and this is especially true of the intertriginous type. In this study a 
definite diagnosis of dermatophytosis of the feet was made only when 
pathogenic fungi were fow1d either by microscopic examination or by 
culture. 

(:!2) 



TABLE 12.-Dermatoploywsi.s of feet 

Pinto printers Rotnry·pres.'> printers Skilled helpers Patch tests 

Dermrltitls No dermn· Dermntitls No derma- Dermatitis No derrnn-
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EXAMINATION OF MATERIAL FROM RANDS AND FEET 

Following the physi~al examination of the men, material was taken 
in sterile, labeled Petri dishes from the hands if there were lesions 
and if it was possible to get material without undue trauma; and 
routinely from the feet. Part of this material was examined directly 
tmder the microscope, and part wns held for culture. The material 
consisted of skin scraping-s, loo'e squames from the edge of scaling 
lesions, and the roofs of wsicles. "'hen nails were affected scrapings 
of the nail tissue were also taken. 

In making the examination a portion of the collected material was 
placed on a microscope slide, covered with a drop of 10 percent 
N"aOH, and examined after n few minutes, or as soon as it had cleared 
Hufficiently. By the time this examination was made the patient 
had left, so that when no fungi were found in a given specimen it 
was not possible to collect additional sqnames for a reexamination. 
In some cases the subsequent culture of the remaining portion of 
the specimen yielded positive results. In other cases the converse was 
true. The fungi were isolated in pure culture by collecting material 
in a sterile Petri dish, exposing it for a few minutes to 80 percent 
alcohol, and planting upon honey agar 2 slants. The cultures were 
transferred to fresh slants to free them of bacterial contaminations 
which were present in some instances. 

The data obtained falls into four groups. (1) There were speci­
mens of which both the microscopic and culture examinations were 
positive; (2) of others, the microscopic examination was positive 
hut no cultures were secured; (3) the direct examination of some 
specimens gave negative results, but n fungus grew in the cultures. 
Finally, (4) there were some inclividuuls who ''"ere clinically positive 
and who were probably actually infected, but both laboratory methods 
failed to demonstrate the presence of fungi in the specimens col­
lected. These discrepancies could have been largely eliminated had 
it been practicable to hold the patient until the direct examination of 
specimens was completed, or to recall him at a later time. Because 
of the conditions under which the investigation had to be carried out 
neither of tlwse procedures was deemed advisable, and it is therefore 
recognized that this report probably indicates a slighly lower inci­
dence of dermatophytosis of the foot than actually existed among 
the men examined. 

In view of the small amount of material which was collected from 
most of the men, and in view of precautions which were taken to 
avoid any mixing of specimens, it is felt that a positive result either 

2 The tormtlln tor honey agar 11'1 esRentlnlly that recommended by Sabournud, \'iz., honey, 
00 grams i },~a:ircblld's peptone, 10 grams; agar, 20 grams i water, lllter. pH ls adjusted 
to 5.5. 
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from microscopic e::~:aminntion or from culture is a suitable basis for n 
positive report from the laborntory study, el'en in the nbsence of a 
perfect correlation between these two methods of examinntion. 

The further lack of con-elution between clinical findings nnd labo­
ratory findings is due in part to the faults of the method explained 
above, and in part to the difficulty of diagnosing dermatophytosis 
on the basis of clinical evidence alone. It is hnrdly possible to cor­
rectly diagnose dermatophytosis of the foot in every individual seen, 
without depending in part on laboratory examination. Fissm-es nml 
scaling in the interdigitul spaces is not always caused by the dermuto· 
phytes, and, on the other hand, there may ben mild or latent inf~ction 
due to one of these fungi without scaling being e1•ident nnt il the sur­
face is scraped, us with a scalpel. 

A tabulation of the results of the laboratory examination show~ 
that 117 in 354, or 33 percent, were found to be positive for d~rmato­
pbytosis by microscopic examination; 93 in 354, or 2G percent, were 
found positive by cultures; and 129 in 354, or 36.4 percent, were found 
to be positive by one or both of these methods. 

Trichophyton mentagrophyteo (9) (including the varieties usually 
designated T. gypoeum, T. inte1·digitale, and T. pedis) ( 5) was isolated 
in cultures from 71 cases. Trichophyton purpureum (T. rubrum) 
was isolated in 18 cases. Epidel'mophyton floccowrn (E. inguinale) 
was isolated in 5 cases. All these isolations were from the feet. One 
man had a dermatophytosis of the foot caused by two fungi, T. pur­
pureum and E. floccosum. The fungi will be further discussed from 
the standpoint of their variability in another section of this report. 

H aru/8.-N o lesions of the hands were seen in these men which 
resembled dermatophytosis either from the history or by actual clinical 
enmination. Neither was any fungus found in squumes from the 
hands, nor was a pathogen cultured at any time from the hands of 
these men. There is no clinical or laboratory evidence that these plate 
printers were suffering from dermatophytosis of the hands. There 
was some evidence, however, of a dermatophytid reaction in three of 
the men. 

MYCOLOGICAL STUDY OF OIL TROUGHS 

It hnd been suspected that a pathogenic fungus might be eitlwr cans· 
ing or complicating the dermatitis of the hands of which the men 
complained. Early in the investigation, therefore, oil from the oil 
troughs where the men cleaned the ink from their hands was carefully 
examined to see if fungi were present. 

Three representative samples were collected and taken to the labora­
tory. One sample, No. 1, was clean oil from the bottom of a con­
tainer from which an oil trough had been filled. 
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Sample No.2, taken from a trough evidently used by men working 
with green ink, appeared greenish and slightly dirty when in the 
trough, but when a test tube was filled by allowing oil to flow :from 
one of the wash cloths in the trough it appeared comparatively clean. 
A very small amount of light colored sediment settled out. 

Sample No. 3 was from a trough where men using black ink had 
washed, and it was very turbid. When a tube was filled by allowing 
oil to flow from one of the wash cloths in the trough the oil was 
opaque, but upon standing a heavy black sediment fell to the bottom 
of the tube, leaving the supernatant oil nearly as clear as in the other 
samples. 

Cultures from rnl.-Ten to twelve cultures were made from each 
sample of oil taken. Some were very heavily inoculated. 

Sample No, 1 showed no growth. 
Sample No. 2 produced a single colony in each of two tubes of a 

species of Mycodm-ma. This fungus does not appear to be a pathogen, 
and its appearance in these tubes is not considered of etiologic sig­
nificance. Another nonpathogenic fungus which was not identified 
appeared late in a third tube. 

Sample No.3 produced no growth in any tubes. 
Twenty-nine of thirty-two culture tubes inoculated with oil remained 

sterile. The fungi producing the three colonies appearing in the 
remaining three tubes were not pathogens and were not recovered in 
culture from the hands of the men. Staphylococcus, the rnicroorgan· 
ism JllOSt often found in cultures made from the hands, did not grow 
in any of the cultures inoculated with the oil. It appeared, therefore, 
that the oil used by the men in cleansing their hands did not serve as 
a culture medium. In fact, a bactericidal action was suggested by the 
results of these culture tests. These were not properly desigued, how­
ever, to adequately test a possible fungicidal or bactericidal property 
of the oil, and the following investigations were therefore carried out: 

Fungicidal property of the oil.-About 20 cc of sample No. 1 (the 
unused oil) was poured into a clean, sterile test tube. The greater 
part of one of the colonies of Mycoderma (a mass of fungus hyphae 
and spores approximately 6 by 4 by 2 mm in size was rubbed on the 
inside of this tube. The fungus was mixed as thoroughly as possible 
with the oil, but it would not emulsify. Exposure to the oil was, there­
fore, not complete. The mixture of fungus and oil "·as kept at room 
temperature throughout the experiment. It was continually shaken 
for ten minutes, and occasionally thereafter. At the end of the ten 
minutes ten culture tubes were inoculated with the fungus hyphae and 
spores taken from the oil. Similar test cultures were made at tl1e 
end of exposure periods of 20 minutes, 1 hour, 7 hours, and 80 hours. 
In making these cultures the danger of confusing a possible fungi-
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static action (10) exerted by the oil carried over in the inornlnm was 
minimized so far as possible by freeing the inoculating loop of exces:; 
oil before the culture tube was inoculated. 

Inoculation tests showed that the fungus was still viable after 80 
hours in the oil. It is recognized that the exposure to the oil was 
imperfect due to the failure of the fungus cells to form u uniform 
emulsion. The test indicates, however, thnt the oil does not pos.'l'SS 
appreciable fungicidal properties. 

It was possible that the fungus tested was more re.;istant to the oil 
than were other fungi. Identical tests were therefore made to deter­
mine the fungicidal action of the oil upon a pink Torula isolated from 
the hands of one of the men. Similar results were ohtained. 

Bacteriddal property of the oil.-Aithough no colonies of bacteri11 
appeared in the cultures made from the oil, it was deemed desirable to 
find out whether the oil was bactericidal to bacteria exposed to it. 
The bacteria obtained in culture from the hands of two 'men '"ere used 
as test organisms. The method of testing outlined above in the test­
ing of the fungicidal property of the oil was followed. 

There was growth of the bacteria after 80 hours in the oil. The 
oil does not appear to be bactericidal. 

MYCOLOGICAL STUDY OF THE FLOORS OF THE SHOWER BATHS 

Beca'use of the prevalence of dermatophytosis of the feet among 
the plate printers, the shower and locker rooms used by the men from 
the various sections were inspected and material was collected for 
examination and culture. When inspected, the rooms were in fairly 
good condition, although the lighting was poor, nnd the floors of 
the locker rooms were dark in color and with a comparatively rough 
surface, so that the presence of dirt was not readily d<~tede<l. 

On the floors in the corners of the shower rooms, and in the angles 
formed by the seats and the walls of these small rooms, there \n>re 
small amounts of debris of varied composition. This was scr:l]wd 
off with sterile scalpels, put in labeled sterile Petri dishes, and 
brought to the laboratory for examination and culture. 

Direct examirwtion.-The material contained chemicals, probably 
those nsed in cleaning; sand, presumably brought in by the men from 
the troughs where they removed the ink from the hands; bits of 
cloth; spores of nonpathogenic fungi; pollen grains; epithelial de­
bris; and unidentified material. Examination of the material wl~9 
hindered by the presence of grains of sand, which made it <liffieult. 
to obtain thin preparations; and by the presence of opaque pa1iicles 
which partially obscured the field of view. Numerous isolated and 
grouped epithelial cells, and pieces of epithelium up to a half milli-
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meter or more in size were found, but in none of these were the 
hyphae of ringworm fungi seen. 

Cultures on honey ng11r were made from the various samples taken. 
The most common fungus encountered in these cultures was a species 
of Fusarium, which at first bore a superficial resemblance in colony 
characters to Trichophyton. It proved to be entirely different on 
further study. Other microorganisms which developed in many 
cultut'•'S wHe species of Aspergillus, Penicillium, Alternaria, Chaeto­
mimn, Monilia, Cephalosporium, Pachybasium, yeasts, ami bacilli. 
No pathogenic fungi were found. 

Failure to isolate any dermutophytes from the floors of showers 
and locker rooms was probably due to the rapid growth of more 
vigorous organisms and the consequent suppression of pathogens. 
'When the rooms were being used by so many men with derma­
tophytosis of the foot it is incredible that there should be no infected 
fpithelial scales on the floors. Probably an improvement in the 
technique of examination and isoJ·ation would have revealed the 
presence of ringworm fungi on the floors. Laboratory tests readily 
demonstrate that the dermatophytes remain viable for months in 
infected hairs and epithelial squames, and that under suitable condi­
tions they enter a saprophytic phase and produce numerous spores 
in such debris. The spores produced in the saprophytic phase are 
capable of initiating dernmtophytosis when applied to the skin. 

Davidson and Gregory (2), continuing and extending earlier in­
vestigations of Plaut (8), point out that keratinized tissues are not 
readily a'ttacked by most microorganisms, and that when hairs and 
skin scales naturally infected by the dermatophytes are deposited 
where conditions of moisture and temperature are suitable they con­
~titute, in effect, a selective culture medium upon which these patho­
genic fungi readily grow and sporulate. It is generally assumed 
that this potentially infective material is commonly present on floors 
used by individuals with dermatophytosis, and that it is largely 
responsible for the dissemination of the disease. 

It is therefore desirable to take sanitary precautions which will 
minimize the danger of leaving infected epithelial debris on floors used 
by many individuals. A prophyla'ctic measure in general use, and 
described by Osborne and Hitchcock (7), is the placing of rubber 
puns containing a solution of sodium hypochlorite in such a place 
that all persons using the shower bath must walk through it. They 
recommend using a one percent solution to allow for dilution and 
the solution must be renewed daily. They point out that sodium

1
thio­

~ulphute, which ha's sometimes been used, is not suitable because it 
IS rendered ineffective by combination with residual chlorine in the 
water of swimming pool or shower. Dependence on this chemical 
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would be furthrr contraindicated by its lnck of fungicidal rroprrt io•s 
in vitro. 

Clinical tests indicate that the sodium hypochlorite foot hnt h 1s 

of definite value in control of epidemics of dermatophytosis. It 1s 

not recommended as a therapeutic mea~ure, althou~h chlorine is 
known to be an effective fungicide. Even the short exposure to hypo­
chlorite in the foot bath, however, combined possihly with t\11 in­
creased attention to proper foot hygiene which the progmm ell· 

courages, is a valuable prophylactic measure. 

IDENTIFICATION OF THE DERMATOPHYTES ISOLATED FROM FEh'T 

In identifying pathogenic fungi, and particularly the dermato­
phytes, one is confronted by a confused nomenclature and n lar~o 
number of "species." Many of these species are based on slight difft•r­
ences in growth habit which are not actually valid for species delimi­
tation. The presence, in the literature, of nearly 200 species names 
of ringworm fungi probably is due largely to the failure of investi­
gators to take cognizance of the capacity of these fungi to produce 
variants or mutants. The study of single spore isolates and the 
selection of inoculum from indicated areas in old cultures of dermato­
phytes will very often yield variants unlike the parent species, and 
often like other "species" (4). It is significant in 11 consideration of 
the species question that two or more types of fungi are sometimes 
isolated from the same patient; and that it is from those stmins 
which upon isolation from the patient do not exactly correspond to 
any common species that one is most likely to secure further muta­
tions. Furthermore, the lack of correlation between the variety of 
a given species and the clinical manifestations on the patient of this 
variety tends to throw doubt on the validity of some of the "species" 
names. Dowding and Orr (3) report that in a series of patients frotn 
whom they isolated several varieties of Trichophyton mentagrophytex 
(T. f!YP8mtm) there was a total lack of correlation between the 
varieties isolated and the clinical types of lesion they caused. 

The asstunption that variants or mutants appear also in nature or 
on the parasitized host is theoretically probable and receives support 
also from observed facts. Such variants, whether arisin.g in a naturul 
habitat or in artificial culture, are not new species, and it is undesir­
able both from the standpoint of a convenient terminology in clinical 
medicine and from that of accuracy in a systematic study and classi­
fication of the dermatophytes to so designate them. Critical compara­
tive studies of many newly isolated strains of dermatophytes, with 
the fact of variability of strains recognized, are needed to solve the 
problems of species delimitation. 
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The present study was uBu:sually suitable for n consideration of 
this point. The preliminary examinatioB of 354 men and the collec­
tion of material for culture was completed in a few weeks. The 
material was promptly planted on agar slants, and 94 newly isolated 
strains from clinically similar sources were a vailuble for study. In 
brief, the results of this study have confirmed previous observations, 
namely, that dermatophytes isolated from cases of dermatophytol>is 
of the foot fall for the most part into a few groups of typical strains, 
but a few strains in any hn·ge series of a given group or species vary 
in color, rate of growth, or type of colony. If the group is sufficiently 
large there will be a fairly complete series of intergmding forms 
between these divergent types. 



SINGLE SPORE ISOLATION 

In the study of the fungi isolated from this group of m~n !-(rent. 
care was taken to insure the purity of the cultures. The most certuin 
method of doing this is to isolute single spores which are then pluntcd 
upon a suitable culture medium. In all subsequent studies which 
are made of the strain the progeny of this single spore are used. 
Only by following this procedure can one be sure he is dealing with 11 

pure strain and not with a mixture of two or more. In the routine 
isolution and identification of dcrmatophytes in the clinic it is not 
necessary to go to the trouble of picking single spores; but it is 
particularly important to obser\'e this precaution when one is 
studying variations in fungi. 

The dissociation of a newly isolated strain of u demmtophytn whose 
pedigree has not been thus determined might be due to the presence 
in the original culture of a mixture of two or more strains. It will 
be remembered that in this series, for example, two dermatophytes 
belonging to different genera were isolated from the foot of one of 
the men examined. Two strains of fungi more closely related might 
be carried along together indefinitely by the ordinary method of m'tss 
transfer of inoculum, and their e\'entual dissociation is upt to be 
misinterpreted. 

The fungi in this series were isolawd from the patient by the ustml 
method. It was noted that there was un interesting series of inter­
grading forms, and 28 representative strains were selected for single 
spore isolation and further study. 

The isolation of single spores is readily accomplished without, 
elaborate equipment. The method used in this study is similar to one 
in common use in many mycology laboratories. The spores from a 
culture are suspended in sterile physiologic salt solution. A drop of 
this suspension is spread upon the surface of some Clear hard agar 
such as 4 percent cornmeal agar in a Petri dish. By test one can 
determine the dilution of the spore suspension which will give u suit­
able distribution of spores on the surface of the agar. The spores 
must be numerous enough to be readily found, but not so closely 
spaced that it is difficult to remove one without disturbing its 
neighbors. 

The cornmeal agar plate is put a way at room temperature or 
at 30° C. until the spores have germinated. This may be 8 to 48 
hours, depending upon the temperature and the species. The next 
operation should be performed in a sterile room. The plate is opened 

(31) 
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under a dh;secting microscope of good magnification, and isolated 
Hpores are picked out with a very fine nichrome needle sharpened to 
a knife edge. If the spores have germinated it is easier to select an 
isolated one. Either 1111 entire germinated spore or a hypha! tip from 
such a spore is removed and placed on an agar slant in such a posi­
tion that its further development can be observed and other spores, 
if present, can be detected. After the fungus has grown it is trans­
ferred to a sugar-free culture medium to retard development of the 
"pleomorphic" chan1,»e. 

The small conidia of the dermatophytes are uninucleate. Any 
nriation subsequently appearing in the progeny of a single spore 
isolated in the above manner presumably indicates, therefore, some 
alteration which may be in some degree comparable to the mutations 
of higher organisms. 

From 10 to 30 single spores were picked from each of the 28 
!'elected strains. Some of these, particularly spores of 1'riclwphyton 
purpureum, failed to grow, but in all except two cases each selected 
strain was represented by from 5 to 25 lines established from single 
~pores. These multiple lines were established in order to learn 
whether there were present in a given selected strain a mixture of 
types of \'ariants. In the selected strains no such mixture was de­
tected. All single spores from a given strain produced similar col­
onies and in subsequent transfers that were properly timed this simi­
larity to each other and to the parent strain \YllS maintained. When 
transfers were made at too long time intervals, however, variants 
did np1w•n· (fig. 7, J(J and 18). This appearance of variants in old 
cultures was expected because of obsen·atious made in earlier 
studies ( 4). 

The isolates were studied in se\·eral series of parallel cultures kept. 
under controlled eJn•ironmental conditions. Careful measurements 
were made at various ages, aud pertinent data on color and other 
characteristics were recorded. It is not necessary to report here the 
details of this phase of the study. 

The dermatophytes isolated will be grouped and discussed accord­
ing to species, and the variations within the species, as illustrated 
by tlils series of strains, will be discussed in a general way. 

EPIDERMOPHYTON FLOCCOSUM 

Five strains of E. floccosum (E. inguinale), one of which is illus· 
trated in figure 51 1, were isolated in this series. While these showed 
slight variations in degree of pigmentation and surface configura­
tion of the colonies, there could have been no question regarding the 
identity of any of the strains. This species, when planted upon honey 
agar produces a greenish yellow colony, the surface of which is 
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raised into irregular, radial, and tangential folds. This chnructeris­
tic appearance is soon obscured (usually in two or three weeks nt 
room temperature) by an overgrowth of a white floccose "pleomor­
phic" mycelium. This development represents a type of mutation 
which many of the dermatophytes undergo. When once (·stnblished, 
transfers from this "pleomorphic" mycelium reprodt~t·e only thu 
"pleomorphic" culture which is composed of a white, floccose, mort~ 
or less sterile mycelium. The original type of growth cnnnot b~ 
recovered. The "pleomorphic" growth of numy spedrs is so similnr 
that it is difficult or impossible to identify u fungus thus ultered. 

TRICHOPHYTON PURPUREUM 

T. pwrpureum ( T. 1'1lbrum), illustrated in figure 5, was isolated 
:from 18 of the men examined. Three types, differing principally in 
rate of growth and depth were represented. The colonies of thiH 
species on honey agar tend to become dome shaped (figure 5, :2), but. 
the dome may be low (figure 5, 3), or almost lucking (figure 5, 4). 
The aerial mycelium can be separated from the substratum only with 
great difficulty, and when torn and scraped away with a needle leaves 
a. dull purplish tough layer of densely matted hyphae on the surface 
of the medium. It is this pigmented growth that sug!(ested the nunlll 
given it by Bang (1) in his excellent description of the fungus ami 
of the clinical,picture it creates in crurul and generalized dermato­
phytosis. This pigment is first visible on the reverse side of the cul­
ture, often as a ring midway between the center and the periphery 
of the colony. Later the pigment extends from the center of the 
colony to within a few millimeters of the periphery. In a colony 
3 or 4 weeks old the dull purple pigment is visible by transmitted 
light through the surface layer of white floccose hyphae. This colot· 
is distinctly different, in most strains, from the reddish brown pi!(· 
ment of T. mentagrophyte.~. 

Trichophyton purpureum is a common pathogen in the south, amt 
most strains isolated are typical, but in many isolated in the north 
the pigmentation is not so apparent and some strains are distin­
guished with difficulty from some strains of T. rnentagrophytes. 
Some of the strains in this series which exhibited marked radial 
folding (fi!,'llre 5, 5 and 6, and figure 6, 7 arul 8), had churacteristi('s 
of both species. They are here listed with the Iutter. Such interme­
diate forms may indicate a closer relationship between the two Rpecies 
than is usually recognized. 

TRICHOPHYTON MENTAGROPHYTES 

This fungus was isolated from 71 of the men from whom cnltnn•s 
were made. T'l'ichophyton mentagrophytes is considered to be the 



correct name for the varieties variously known as T. gypse'tl!m, 
T. niveum, T. interdigitale, and T. pedis ( 5). There are probably a. 
few additional synonyms. This species name antedates the others (9) 
and the many varieties of the fungus can be included under this 
name hetter than under any of the descriptive names later used. It 
is a definitely established and easily observed fact that one of these 
varieties can gh·e rise to another. The variation is usually in the 
direction of a more floccose type of growth. It is also a fact that in 
11 large series of strains there are bridging or intergrading forms 
which tend to break down artificial "species" lines. Trichophyton 
rMntagrophyte.~ is a species which includes many varieties. This 
conception causes less confusion than the attempt to recognize these 
varieties as fixed species. 

The photographs indicate more clearly than a written description 
the types of colony represented in this series. All cultures were 
grown on the same lot of honey agar and were incubated together at 
30° C. for two weeks. Each of the colonies is characteristic of the 
respective strain as determined by previous observations of plate cul­
ttires and by multiple cultures of the strains incubated with this 
series. So long as strain No. 241, for example (Figure 6, Bn, is 
properly ca1·ed for by frequent subculture on honey agar, it will, at 
the end of two weeks at 30° C. develop the type of colony illustrated 
in figure 6, liJ. The same is true of the other strains, the radial folds 
of strain No. 147, for example (figure 6, 8), appearing in each sub­
culture. However, when this culture is a month old the folds become 
obscured by an overgrowth of floccose hyphae. 

Variants do appear, however. In this particular set of plate cul­
tures the inoculum was taken from old cultures, and two of the 
struins developed some colonies of the expected type and some colonies 
of a type new for the respective strains. In figure 7, J.5 the type of 
colony characteristic of strain No. 39 is illustrated. Figure 7, 10 
shows a variant of this strain which grew more rapidly and pro­
duced a zone of canary yellow in the mid-zone which is dark in the 
photograph. The center of the colony is also marked by a depression 
instead of an umbo. Similarly strain No. 20 (fig. 7, 17) gave rise to 
a variant producing a thin flat colony with an unusually large 
umount of reddish brown pi!,l'IUent (fig. 7, 18). 

The variation in color of different strains of T. mentagrophyte.s is 
sometimes striking. The variety most commonly isoiated from der­
matophytosis of the foot in northeastern United States is cream­
colored at the center with a snow white periphery. This tint may be 
very pale (fig. 6, 9) or deep (fig. 6, 10). It may be replaced by a 
clear yellow (fig. 7, 10). Some strains are pure white (fig. 7, 13). 
In others the entire aerial mycelium finally becomes pink or peach 
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colored. This was true of strain No. 20 (fig. 7, li) in this series. 
The amount of reddish brown pigment seen in the re,·erse side of tht1 
colony also varies with the strain. 

A central pit (fig. 6, 9); a central umbo (fig. 7, J.j); a flat surfuce 
(fig. 7, 17); short, irregular, radial folds (fig. 6, 10); concentric 
zones (fig. 7, 16); a thick floccose growth (fig. 6, 12 and fig. 7, 1.1); 
thin floccose growth (fig. 7, 17); and thin powdery growth (fig. 7, 
18); are some of the characteristics of particular strains of this 
species. They cannot be taken to typify distinct species because: ( 1) 
a complete series of intergrading forms can be isolated from individ­
uals with dermatophytosis; and (2) under controlled laboratory con­
ditions a pedigreed culture arising :from a single spore can give riS& 
to two or more colony types. 

As shown by table 12, there was no difference between the mycolog· 
ical findings on the feet of the plate printers who had n dermatitis 
of the hands and the findings of men whose hands were free of derma­
titis, and there was likewise no difference in clinical evidence of 
dermatophytosis of the feet between these two groups. The snmo 
findings hold true for the rotary press printers, who were used as 
controls. Also dermatophytosis of the feet was no more and no less 
prevalent among persons who reacted positively to patch tests than 
among persons who reacted negatively. 



PATCH TESTS 

PROCEDURE IN MAKING PATCH TESTS 

All patch tests on both subjects and controls were made with the 
same batch of ink. Special care was taken not to mix the inks. Each 
subject was specifically questioned as to his sensitiveness to adhesive 
tape before patching. 

The patches used for the patch test work consisted of: One-half 
inch squares of 3-ply gauze; l-inch squares of surgical oiled silk, 
and 2-inch squares of water-proof adhesive tape. Gauze squares and 
oiled silk squares were cut in sufficient numbers to last the entire 
experiment. In order to facilitate handling, the adhesive was cut 
and in the center of each piece a square of oiled silk was stuck. About 
100 pieces of adhesive, with the oil silk attached, were placed on a 
strip of crinoline bandage. This was rolled up until ready for use. 

Six-inch wooden applicators were used to apply the ink to the 
patient's back. One applicator was used for each ink spot and then 
discarded. 

The patches ( 13 test patches and 1 control) were placed on the 
subject's back. The skin of the back was carefully examined before­
hand to be sure that no dermatitis or breaks in the skin were present. 
The back was used for patch testing because of the large number of 
patches and the necessity of placing all patches at one time in order 
to tnke the employee away from his occupation as short a time as 
possible; owing to the nature of the work no other part of the body 
could be used for so great a number of patches. 

The patch was left in contact with the skin of the back for 24 
hours, unless symptoms of stinging, pain, etc., made it necessary to 
remove the patch. Each subject was instructed to immediately report 
to the physician when the patch test became so uncomfortable that 
he thought injury to the skin was being caused. The skin was ob­
served for at least 15 minutes after removal of the patch. 

The classification of Stauffer (11) was followed in the interpreta­
tion of the tests: 

I. Reddt•ning. 
II. Reddeuing, infiltration, and formation of vesicles. 

III. Formutlon of vesicles nod blisters. 
IV. Large, confluent blisters. 
V. Sepnrnt!on of epidermis, el"entuu!!y ending in necrosis. 

(:!6) 
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All examinations of patch tests were maJe in natural illumination. 
The patch test was examined at the end of 24, 48, and 72 hours 

after removal of the patch. 
The 13 inks which were used in the patch tests were each composed 

of 2 or 3 pigments and 3 to 11 other constituents (oils, dryers, \'a1'­
nishes, and modifiers of consistency). These inks were, and had 
been, in use for the past year ot: longer at this establishment. No 
component of any ink handled by the printers in their work was 
absent from one or more of the inks used for the tests. 

As noted in the occupational survey, all of the men examined ha<l 
some degree of skin exposure to gasoline (benzine), i.e. plate printers 
in cleaning the plates, rotary press printers in cleaning the p1't'sses, 
and the skilled helpers in cleansing hands, plates, and ink contuinel'S. 
Gasoline is known to be a general irritant, unless proper protection 
is used. Therefore no patch tests were made with gasoline. 

TABLE 13.-Number of $ubjecu who gave positive reaction to patch tesl wilh 1l'lwlt> inh 

Plate grtnters Plate printers Industrln.l fly. Plate printers who hud never 
Inks with dermatitis with istory had dermatitis gieno Loboro· Total 

of the bands or dermntlti:s ot tho hunds tor>' Per-ronnel 
ol the hands (oontrols) (controls) 

Total number 
patcbe~L ...... ~~· 18 33 00 20 121 

Orooo tnk No, 411.. 3 0 0 0 3 
Black ink No, 2 .... 0 0 0 0 0 
Orange ink No.31L 6 0 0 0 6 
Red ink No. l2tL .. 7 I 0 0 • Purple ink No. 230. I 1 0 0 2 
Black ink No. 60L. 0 0 0 0 0 
Oranfeink No. 313. 9 1 0 0 10 
Blue nk No. 233 ... 3 0 0 0 3 
Yellow ink No.316. ' 1 0 0 0 
Pink ink No, 12-L. 3 1 0 0 • Brown Ink No.li05. • 0 0 0 • Brown ink No. 518. 4 0 0 0 • Brown ink No. 613 _ 7 0 0 0 7 

Number Paetnl Numbtr Pl!rCt!nl Numbtr Pcrunt Number Ptr«nl Numbtr Puunl. 
Number or men 

witb positive ro-
actions to a n y 
ink. ______ .••••.. 9 00.0 • 12. 1 0 0 0 0 13 10.7 

Patch tests were made on 121 individuals. These inJiviJuals were 
separated into the following groups: Eighteen were plate printers who 
had dermatitis of the hands at the time of the examination; 33 were 
plate printers who gave a past history of dermatitis of the hands; 50 
(controls) were plate printers who had been employed at this estab­
lishment for 10 years or longer, and who had never had a dermatitis 
of the hands; 20 (controls) were members of the Induotrial Hygiene 
Laboratory of theN ational Institute of Health, who had never had uny 
known contact of any sort with printing inks. 



38 

Of the 58 employees who either had a dermatitis of the hands at 
the time of the examination, or gave a past history of dermatitis of 
the hands, 7 were not tested since they were not on duty during the 
time of the patch testing. 

Among the 121 individuals patched, 13 gave positive reactions to 
one or more whole inks. 

No posith·e patch tests were obtained among the 50 plate printers, 
or the 20 Industrial Hygiene Laboratory individuals who were used 
as controls. 

To the 13 whole inks used in the patch tests, two or more individuals 
gave a positive reaction to one or more, with the exception of the black 
inks No. 2 and No. 601. 

From the table it will be noted that orange ink No, 311, red ink 
:Xo.128, brown ink No. 513, orange ink No. 313, and yellow ink No. 316 
gave the greatest number of positive reactions. However, one or more 
individuals gave a positive reaction to one or more of the other inks. 
Three plate printers gave a positive reaction to 10 or more of the inks; 
these three men had dermatitis of the hands at the time of the 
examination. 

Nine, or 50 percent, of the plate printers who were patched and who 
had dermatitis of the hands at the time of the examination gave posi­
tive reactions to the inks. All but one of these plate printers reacted 
to 3 or more inks. 

Four, or 12.1 percent, of the plate printers with a history of derma­
titis of the hands, but negative at tl1e time of the examination, gave a 
positive reaction to the inks. Three of these printers reacted positively 
to one ink only and one reacted positively to two inks. 

The 50 plate printers who had the same exposure to the inks as the 
plate printers with dermatitis of the hands, or those with a history 
of dermatitis of the hands, all reacted negatively to all the inks. 

The 20 employees of the Industrial Hygiene Laboratory, who had 
never had any contact with printing ink, reacted negatively to all 
the inks. 

ANALYSIS OF THE INKS 

A careful study of the chemical analysis of the 13 inks used in the 
patch tests was made, and it was found that no one constituent was 
common to all the 13 inks. The four inks, orange No. 313, red No. 128, 
orange No. 311, and brown No. 513 did not contain substances that 
were not found in one of the black inks that gave no positive reaction 
or in some of the other inks that gave only one positive reaction. 

The 13 inks in use were very complex in nature, as at least 30 color· 
ing or tinting components entered into their composition in addition 
to fillers, varnishes, oils, and driers. 
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In addition to this, the types of oils and dri~rs varied from one ink 
to another and such substances as varnishes nnd driers were complex 
in character, each being composed of n vnriety of ingTc<lients. In 
addition to this, there existed the possibility of renction of the ingredi­
ents of a. given ink with one another, or of oxidation reaction in the 
finished product promoted by one of the ingredients, so thnt the ink 
as actually used would differ in effect from pntch tests conducted with 
its original component parts. Some of these coloring mnteriuls were 
organic as well as inorganic nnd therefore presented n further com· 
plexity of stmcture. 

ELIMINATIVE PATCH TESTS 

It was inferred that the constituents of the inks other than colorNl 
pigments were inert and that the l)igments composed of hnsic lend 
chromate and of lend oxide were the greatest offenders. However, it 
was noted that some men had shown positive reactions from inks con­
taining neither of these pigments; It would have been manifestly 
impossible to patch each of the individuals against all of the pig­
ments and the component parts of the paste (there were over one thou­
sand combinations of the components), and furthermore, ns explained 
above, to patch the individuals to each component part of the inks 
would not have been the same as patching them to the whole ink. 
Therefore, an eliminative method of patch testing was devised in order 
to approximate as closely as possible the exposure of men handling the 
suspected suhstances, and also to avoid setting up conditions not 
present in the first patch tests. 

Three or four patch test preparations were made from each ink, 
depending upon whether the particular ink contained two or three 
pigments. Preparation "A" of a given ink would represent the 
whole ink with the first pigment eliminated. Prepamtinn "B" wonl<l 
be the whole ink with the seeond pigment only eliminnted. Prepara­
tion "C" would be similar, except that tlw third pigment would he 
eliminated, the first two pigments and the paste still present. Prep­
aration "X" would be the paste with all coloring materials out. 

The procedure of making the patch tests was id;ntical with that 
described in connection with the first patch testmg, except that. 
broken down inks were used instead of the whole preparntions. A 
control patch was used on each man. Also, other men (for controls) 
were patched with the same preparation in addition to thos<• who had 
been found sensitive to the particular inh. The men used ns con­
trols were plate printers with dermatitis of the hands pr;sent or who 
gave a history of dermatitis of the hands hnt had f:uled to react 
positively to inks in the first patch testing. 
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Using this method of procedure, 12 men who either gave a history 
of dermatitis of the hands or had dermatitis of the hands at the time 
of patching and who gave a positive reaction to the patch tests with 
the whole inks were patched. Twelve controls were also patched. 

The results of this elimination process of patching were variable. 
All of the preparations "A," "B," "C," and "X" contained "X" 

(paste). Six men showed negatiYe reactions to preparations "A," 
"B," "C," and "X," whereas they gave positive reactions to the six 
whole inks from which these preparations were made. 

Five men showed positive reactions to each preparation "A," "B," 
"C," and "X" of six inks from which these preparations were mack 

Three men showed positive reactions to the prepamtions "A," 
"B,I' and "C," but negative to "X" of three inks from which these 
preparations were made. 

Four men showed positive reactions to· preparations "X" (paste) 
and negative reactions to one or more of the preparations "A," "B," 
"C" of six inks. 

Only one man ga ''e a negative reaction to "X," and a negative 
reaction to one of the preparations "A," "B," "C" of one ink. 

These results were so variable and contradictory that further patch­
ing with either modifications of the whole inks or with separate 
ingredients wns not made. Furthermore, the above eliminative 
method of patching had necessitated placing 10 to 16 patches on at 
each time and since all of the positive reactions with both the whole 
inks and the broken down inks Iiad shown vesiculation, the backs, 
the thighs, and the arms of the men would not have been in condition 
for further patching for several months. 

A negatiye pateh test is not conclusive evidence that ink is not the 
cause of the dermatitis. It is often impossible to reproduce the actual 
conditions of industrial exposure, as repeated contact, friction, 
mncerution, heat, cold, sweat, etc. These additional factors enable 
the substance, negative in the test, to cause dermatitis. 

Individuals with a family and personal history of allergic dis­
orders show a tendency to become sensitive to proteins with which 
they come in contact in massive doses. 



· CLASSIFICATION OF TilE DERMATITIS 

The clinical manifestlttions of the dermatitis fell under five clusoi­
fications. 

I. CRRONIC ECZEMATOUS, VESICULAR TYPE 

A chronic inflammation of the skin characterized by slight rednes.l 
followed by isolated brroups of papules. In a short time vesicles, 
varying from the size of a millet seed to a large marble, appeared, 
These vesicles were filled with a clear serum, and were easily rup­
tured, leaving moist, denuded areas. The discharge dried rapidly, 
forming light crusts. Upon removal of the crusts the underlying 
area was dry, glistening, and scaly, with small fissures present. The 
scaliness and fissures usually remained for months. In an occasional 
case pustules and ulcers followed the ruptured vesicle; these usunlly 
healed fairly quickly without noticeable scar formation. There was 
intense itching during the vesicular stage of tf1e lesion. 

Crops of new vesicles appeared, each being followed by the abovo 
symptoms. The duration of the lesions extended from a few weeks 
to several months, and a few patients stilted that they had had the 
scaly and fissured lesions of the hands for over 15 years. 

The lesions in the majority of the cases were asymmetrical, affect­
ing both hands, however, a few cases had the lesions on the right 
hand only. The dorsum of the hand, the interdigital spaces, the 
palms, and the wrists were usually affected. Approximately one­
third of the cases had never had the lesions on the palms of the 
hands. The texture of the skin bore no definite relation to the inci­
dence of dermatitis. 

Sixteen of the 21 plate printers with dermatitis of the hands wero 
of this type. There are given below two case histories typical of this 
classification. 

CASE HISTOI!Y NO. 1 

Aqe.-42. 
Occ11patioool hi•tory.-Pinte printer for 28 years, last l9 years of thl.! time 

at present place of employment. Now working In section 5 for past 1 'h monthB, 
using red ·Ink. Previously he had worked in all seetlons, using all colors of 
Inks. Denies exposure to any substance capable of producing dermatitis outside 
of hiS work. Was employed nt present establishment for 3 yenr• before 
dermntltls of the hands began. 

Oleanino materials used.-Uses oil trough, snits of tnrtnr, white soup, and 
brush to clean hands. 

Family history.-NegaUve for allergic disorders and skin diseases. 
(41) 



42 

Past mcdiorl! hi8fm·y.-Onset of dermatitis of hnn<ls wns in 1920. Duration 
~ years. lilx to eight relapse•; these occurred only when he returned to colored 
Ink work. Duration of dermatitis after l~avlng work 2 weeks. No seasonal 
exucerbutlon. Following the World War he was unable to work with Inks other 
than blnck, although prior to the World Wnr be worked with nil types and colors. 
'!'he rash nppcared on the arms and hands as a wet Itching surface with fissure 
formntlon. No el'idence of lesions elsewhere on the body. He bas had four 
X-ruy treatments of hnnds. He complained of vesicles on his palms nnd dorsum 
of hands, and weeping lissures. Itching was present. 

PrcHent uu·tli('al /listory.-No active dermatitis of bauds at time of exumiuation 
In October 1 U:J6. 

E:rami1111ti'"' of the .</!iu.-January 26, 1937: Umbilicah•d papules, pink in color 
with !n<lurut!on. Asymmetrit'lll dlstrthution-rigbt hnntl on pulm. Scaling pres­
l•llt. Right rutlm dr~·, rough, rcdthmed, fissured, also few umbilicated papules, 
prohnhly re~mltlng from ruptured vesicles. February 15, 19:37: Dermatitis snme 
ns in January. 

Cli11icnl <'l'i<l''""" of dermatophytosis ot fr.ct.-Negut!ve . 
.lllJf'OlO{Jical rrr:a mi11ation.-Negutive. 
Paf<'h t<,.ts.-Positil'e to all inks, except black. 
Lox~ ofwo,.ldng time bccau.'1c of dcrma.titis.-2 mouths. 
Duroticm of rJr·rmoliti.y after lraving Jt·ork.-2 weeks. 
Difi{/IIOHiR.-lndnstrial dermatitis of bauds. 

()ctupatlnnnl.-Yes. 
1'ypt.•.-Chronic, eczematou~, vesicular. 
Cntti-'P.-Colored luks. 
lli'ubility.-Nonc ut prc•ent. 

CASJ:o: HISTORY NO. 1 

A(JC.-48, 
Oc<'lltmlional hi.,lorJJ.-Plate printer for 20 years, lust 14V. yeurs of this time 

nt present pluce of employment. Now working in section 0, has '\\;orked in this 
•~ction for pust V. yeur using black Ink In printing faces. Previously be bad 
worked in vnrous :;;:pctions using various colored inks. Uses benzine to clean 
JllntPs. Dt:>nles exposure to nuy substance capable of producing dermatitis outside 
of present plntoe of employment. \Vns employed there for 4 years before 
dermatitis be~un, 

Clcauiug material.tf u~trrl.-rses oil trough nnd white Roap to ('lean bands. 
Family 11ixto1'y.-Nt•gntive for allergic disorders and skin diseases. 
Pa.,t mrdieal hi.,tol'/1.-l:rticnrtn in childhood. Mhlot~'s foot past week. His­

tory of lncrem•t•d swenting-general distribution. Dermntltls of hands first in 
1H09-3 dnys nfter u~ing green ink. The dermatitis disappeared one week after 
he left work. He compiuined of ¥esicles on palms, dorsum of hands und between 
flnA"PrN: weeping, itching, lichenification, and erythema v.•pre presl•nt. 

Present uwtlkf'l1 llislory.-Qnset: Fehrnary 1U:{6. Duration: t'o dnte. No re~ 
lupse. 'l'rentnwnt by privnte physicians. He thinks X-ruy trentmeut h£?1J>('d him, 
No loss of working time. Condition seP.ms worse in summer. He wus nsiug rpd 
iuk nt the onsL•t-trnnsfer to black ink cnu:;ed no improvement .. Description: 
,·p:o:h•les, wpeplug, fi:.;snrf'S, ftebing, erythema. Othf'r skin diseuse: d('rmntitis of 
nbdom<'n for sen"rnl months beg-inning in July 19a6. He used sPrtion shower 
m•cuslonnlly, wulk('d on floor with bnre fPPt, 

E:rami11atiou. of tile skin.-0ctoher l!.l!m: llneules nnd crn~ts on dorsum of 
hnnds.: nncl forenrms, pink color, nnnulal" confib'llrntion. Skin thick and wrinkled. 
Prurltis present. Hands: Has smooth, worn appearance of palm of right 3rd, 
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4th, and 5th fingers. Several areas between fingers of both bands and ulnn r 
side of wrists show erythema, crusting, and fissures. Lesion on left lower uluu, 
annular and in position to receive friction. Has fissures bctwt..~n toes with 
sodden, grey appearance of skin of toes. Fine scales on rest of feet. 

January 20, 1037: Vesicles right forearm and left hand, pink and fnwn 
color, on elevated erythematous round bnscs. Also crusts, fiRsures, nnd ull'erN, 
right Index and middle fingers-palmar surfaces. (Note.-Pre8<•nt eX!K>NUre · 
Is In usc of oil troughs containing colored inks.) 

February 15, 19.17: Same findings as In Jnnunry, except that the \'l'Nkll'N of 
the left hand had ruptured and become nmbllicated Jlllil\lles. Fi;c<ures bud 
also developed around distal portion of left thumb nail, 

February 23, 1937: Same finding as February 15. 
Clinical evide11ce of dcrllwfoi!Iiytosi.! of tcet.-PosiU\'e. 
Mycological e:rarminatimr.-EpidcrmQ-pliytm" floct'OBIWl grt~w In l·nltnre- from 

feet. 
Patch tests.-Posltlve to green, orange No. :lll nnd No. 313, rl'll, bh1e, yellow, 

pink, nnd all three brown inks. 
Loss of working time because of dcrmatllis.-Three und one·hulf nwnth". 
Dumtion of dermatitis after leaving work.-{)ue week. 
Diagnosis.-Industrial dermatitis of hands uml forearms, aud dermutophytosls 

of feet. 
Occupational.-Yes. 
Cl'ype.-Chronic eczematous vesicular. 
Cause.-Colored Inks. 
Dlsabllity.-None nt present. 

II. CHRONIC DRY ECZEMATOUS TYPE 

A chronic eczema of the hands marked by infiltration, and the for­
mation of small, thin, whitish scales, and fissures, occurring on the 
dorsum, the palms, and between the digits with no itching and no 
vesicular formation. 

This type of lesion was found in t\vo plate printers and in each 
occurred only on the right hand. A typical case history is given 
below. 

CABm HISTORY NO. 3 

Age.-62. 
Occupational hi8tory.-Piate printer for 47 yenrs, lust 36 yonrs of this time 

at present plnce of employment. Now working In section 4, hns worked In 
this section for 13 years, using black ink, printing faces. Previously worked in 
sections 7, 9, and 13, for 23 years using nil colors of Inks. Uses gasoline to 
clean plates. Denies exposure to any substance cnpable of producing der­
matitis outside work. Was employed nt present establishment for H years 
nt same occupation before dermatitis began. 

Oleaning materials used.-Docs not use the usual cleaning muterlnl~. 

Family history.-Negative for allergic disorders and skin di•enses. 
Past medical hiRtary.-Dermntltis of hands first noticed In fnli of 1014. 

Duration at that time was 2 months. He bas had numerous relapses sine••. 
Dttrntion of dermatitis after leaving work-14 days. He wns awuy 15 duyH 
altogether. He was using green Ink ut the onset. He complained of WR!cie.< 
on dorsum of hands, Inter weeping and crytbemn. Itching was present. 
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Pre.Ntt medieal ltistory.-{Jnset Mnreh 1936. 
Examiootion ot tile skiii.-{Jctober 1036: Skin shows usual evidence of senile 

changes. Pustules, nsymlnetrlCJll In distribution on bands and forearms. Ir­
regular in configuration. Induration present. Border of lesions ele'\·nted and 
erythematous. Previous dermatitis began with small vesicles appearing first 
between fingers. Itching was intense until blisters brenk, then itching sub­
F~i<ll'H.. Prese-nt lesions of small pustules about huir folicles on dorsum of 
humls und a f(~W on :forearms. 

January 27, 19:H: No skin lPsions of hnncls or fort'ftrmf'l. The pustnleA dif.\­
np[l(•ared one week after the first examination. 

J1~ellrunry 15, 1H::l7: Pink and grey sl·nles now are present on palm5;, asym­
metrical ln distribution, irregular configuration, induration present. Pnlms 
dry and rough. Present dermatitis said to hnve been of 3 days' duration. 

0/inkal cvid<'•re of dernwtopl•llf08i8 of fect.-Negntlve. 
MJwologi.ral e~amimJtiou.-Negutive. 
Patch lf818.-N<•gutlve to all Inks. 
JJOllB of workh1g time bc(·ausc of drrmatitis.-oue-halt month. 
D11r11tion of dermatitis after ltadnu 1rork.-One·half month. 
D/llfi"""'"·-Industrinl dermatitis of hands. 

Oecupntional.-Yes. 
Type.-Chronlc dry eczematous. 
Cuuse.-Gasullne In deuning plates, and epithelial injury eaused by 

wit•ing the plutes, and colored Inks. 
Dlsnblllty.-None ut present. 

Ill. FOLLICULAR TYPE 

The pores of the skin of the dorsum of the hands and forearms 
were found to be enlarged and occluded with dried ink in about 20 
percent of the plate printers. The dried ink could not be removed 
by the usual cleaning methods. The extent of the plugging of the 
pores of the skin varied, in the majority of the cases only a fe\v 
pores would be occluded while in a few cases almost every pore of 
the skin of the foreanns and hands was occluded. Seven cases 
among the plate printers were found revealing numerous pit-likB 
scars around the hair follicles of the forearms and dorsum of the 
hands. One plate printer had a pustular perifolliculitis of the dorsum 
of the hands, with severe plugging of the pores of the sk!n of each 
hand and forearm, and numerous pit-like scars from previous follic­
ulitis. His case history is given. 

CASE HISTORY NO. 4 

Aur.-18. 
Occupational history.-Plate printer for 30 years, all of this time for present 

employer. Now working in section 9; has worked in this section 3 years, 
using black Ink, printing faces. Previously be had worked in all sections, 
using all colors of inks. Uses gasoline to clean plates. Denies exposure to any 
substance capable of producing dermatitis, outside of regular employment. 
Worked at present establishment at the same occupation for 20. years before 
derma tltls begun, 
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Cleanill{l material~ llXrd.-U~PS oil trong:h, ~lltcl, whit(' !"'llfl, r•~Hnw fotfiUJl, untl 
brush to deun hnnds. 

FamilJJ 11i11tory.-Negnth·e for nllergic dl~ordrrs. ~on hn~ nthiPt(>'~>~ fnut. 
PaRt medical h.istoru.-Athlete's foot off and on durin" pn~t 7 y(•nrs. DPrmn· 

titls of hunds began 10 yenrs ngo. Dttrntlon 2 to :l W<•eks. He did not r.•mem· 
her the type of Ink eXJJOsure ut time of onset. He eompiulned of pustul!•s on 
dorsum of hands. 

Pad 11/('dical lli.story.-Pustules on the dorsum of the hnnds fnr tlu.• Jllll-lt 
3 weeks. 

Examination of the skiii.-October 1936: Pustules dorsum of ri~ht hund nn•l 
forearm. Asymmetrical distribution. Border of lesions ele,·uted, erythemnton~. 
He bas 11 deeply seated, nppnrently pustular lesion dorsnl surfnce of rl~ht wrist. 
Has se,·ernl scars on dorsal surfaces of hands and "'rists where slmllu r l<•s!nns 
have been incised. Pores on dorsum of hands, wrists, and tor('nrm~. nre t:'n~ 
larged and blocked. He hns been troubled with pustuiur lesion• Intermittently 
for at least 10 years. They occur only on hands and wrists, dor»tl surtucc•. 

Clinical et"idence of dermatopl!yt08i• of feet.-Poslth·e. 
MJICOlogical eol"aminatiou.-Positive for Trichophyton from scrnplugs from tue 

nails, by microscopic examination. 
Patch te.•ts.-Refused. 
Lo&s of working time beca!l&e of dermatilis.-None, 
D11ration of dermatitis after leaving work.-Does not know. 
Diagnosi&.-Pustular perifolliculitis of hands and forearms, and dermato· 

phytosis of feet. 
Occupational.-'Yes. 
Type.-Plugged pores, folliculitis. 
Cause.-Drled Ink, occluding pores of skin, staphylococcus Infection. 
Dlsability.-None at present. 

IV. CHRONIC, ECZEMATOUS. FISSURE TYPE 

A chronic generalized eczema of the hands and wrists, character­
ized by induration, rouglmess, extreme dryness, and wrinkled appear­
ance of the skin, with the presence of numerous, firm, white, thin 
>cales, with no itching and no vesiculation. 

Three skilled helpers who cleaned the ink fountains and cleaned 
their hands with benzine had this type of skin lesion. A typical case 
history is given below. 

CASE HISTOBY NO, Cl 

ilgc.-40 (colored mule). 
Occupational history.-Sidlled helper at present place of employment for 18 

years. Relatively no exposure to inks. Cleans Ink fountains with ,:usolinc. 
Denies exposure to any substun<'e cupable of produein~ dermntitJs outtdde or 
this work. Was employed 17 years at present establishment before dermatitis 
began. 

Cleaning mak"rials uscd.-Clenns hands with sund and white soap. 
Family history.-Negutive for allergic disorders and skin diseases. 
Past medical history.-No allergic disorders or skin disease. 
Present medical history.-Dermatitis of hands began less than a year ago. 

He bas had no treatment. No loss of time because of dermatitis. At time of 
onset and since he hns bandied various colored inks and bas cleaned Ink 
fountains wltb benzine. He complained of scales on the palms. 
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Ei1mminati&n &( thn sh'iu.-ortober 1936: Maeules and scales, symmetrical dis­
tribution on both palms. Prurltis absent. Patient has occasionally noticed a 
mild scaly dermatitis of palms of bls bands during the past year. This has 
occurred se,·erul times. It does not itch. Clenrs up spontaneously without 
treatment In 2 to 3 days. He bas lost no time because of this condition. He 
thinks using more than the usual amount of benzine s9me days may be the 
cause. .Le•lons at present Irregular, scaly patches on palms of hands and 
palmar surfaces of fingers. 

January 2;'\, 19a7: No dermatitis of hands. 
February 26, 19a7: No dermatitis of hands. 
Cliniml cvidcllt'e of drrmatopl1fJIOHi8 o( teet.-Negative. 
JI ueolooil'al ('Zamillatio,.-NPgntive. 
Patch tr•t•.-Negntlve to all inks. 
Loss of tcot"king time because of dermatitfs.-None. 
Diaynosis.-Industrial dermatitis of hands. 

Occupational.-Yes. 
Type.-chronic eczematous fissure. 
Cun,e.-Gnsoline plus ubrasll·e action of sand in cleaning hands. 
Dlsubillty.-None. 

V. DERMATOPHYTIDS 

A chronic vesicular or squamous eruption of the hands, the vesicles 
either superficial or deep, und accompanied by various degrees of 
inflammation, with intense pruritis. No microorganisms could be 
recovered from the hands, but they were abundant in the primary 
infection of the feet. 

Three plate printers had this type of dermatitis of the hands. A 
typical case history is outEned below. 

CASE HISTORY NO, 0 

.-l(/1',--13. 

0t'f'llfUitioua111i.Rioru.-Plate printer for 26 years, all of this time for present 
emplo)·er. Now working itt section !). Has worked in this section 4 years, 
w;;ing blad{ ink, printing faces. Previously he had worked in all sections, using 
nil colors of ink. Uses gusollne to clean plates. Denies exposure to any sub­
stunce <•npable of producing dermatitis out.lde of work. Wns employed at 
)Jresent establishment ubout 1 month before dermatitis began (of!' duty several 
r{'nrs). 

Cka.,iug materials 1tsed.-Uses oil trough, salts of tartar, aml white soap to 
tlonn hands. 

Pamily /ii.dol"y.-NC'guth·e for allergic disorders and skin dis('n~el'i. 
PaM mcdi<-al history.-Athlete's foot present during pasts years. Dl'rnmtitis 

of hands began 29 Years ago and bus continued e\·er since. No treatment helped 
him. No loss of time from work. No seasonal exacerbation. He does not 
remember type of ink exposure on onset. He complained of vesicles deeply 
situated on dorsum of hands. 
Pres~nt medical lllstorv.-Dermatltis of hands as described under past medi­

ral history. 
E.xami11ation of tl10 akin.-Detober 1936: Small, deeply situated vesicles, dor· 

sum of bands and tln~ers. Induration present. Papules also present. Pn1ritis, 
none at present but occurs when be has been away from work 2 days. 
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January 25, 10~7: Pink papules, dorsum of right hnn!l. AsymmPtriml oiis­
tribution. Slight induration pr('s(>nt. Border of )P$/;lous (·r~·tht:'mntntt~. 

Februury l!i, l!J37: No derJruttitis present on hands. 
February 26, 1937: No dermatitis on hunds. He stu h•s tltn t th<• okrmn tit is 

usually occurs when he is nwuy from work. thut it dlsnppf'nrs wht•n ht~ l~ 
working. 

Clinical evidence of dermatopllutosis of fcct.-l'os!til"e. 
Mycological cmumination.-PoRitiYe for Tf'.iclwphyton mcntagtoJJIIIJh'x hy t·nl~ 

ture and microscopic exnm!nntion. 
Patch tests.-Negntlve to all inks. 
Lo:M of worki110 time bccaww of dermatitis.~None. 
Duration of dcrmatifl's after leaving u·o,.l.'.~Dernmtltis Ut•comeN lvor:-oe lVhile 

oft' duty. . 
Diagllosis.-Dermatophytosis of feet. Dermnto}lhyti\ls of humls. 

Occupationnl.-Poss!ble. 
Type.-chronic eczematous vesi<'ular. 
Cause.-Fungus Infection of feet. 
Disablllty.-None. 

In general, the skin of the hands of the plate printers unaffected 
by dermatitis was soft and pliable with the absence of callous forma­
tion. The absence of scars on the hands was noticeable. 

Worn, shiny areas were found in the palms of a few of the plnte 
printers. According to the plate printers, these urens were caused 
by rubbing the palms with pumice stone in order to remove rough 
areas of the palms that would interfere with the wiping of the plutes. 

According to the statements of the plate printers, small tmumutic 
wounds o£ the hands healed quickly. 

MEDICAL CRITERIA FOR ESTABLISIIING PROOF OF PROBABLE INDUSTRIAL 
DERMATITIS ACCORDING TO SULZBERGER (12) 

I. Criteria of flr•t order ( indi•pensnblc). 
1. IncPption oC<'ttrring during n period of indu!-itriul c•xpo~nre wilh f(':l~ 

sonnble incubation period. 
2. Amelioration-after cessation of expo!';ttre. Hetention of l':ttl~nl HJ;t.•uts 

or complicating factors may aggravate or prolong the diseuse. 
3. Recurrences and exncerbntlon on exposure. 

II. Criteria of second order (adjuvant). 
1. Appearances in nrens of maximum exposure. 
2. Lesions and localization characteristic. 
3. Reaction to presumptive causal agents. 
4. Skin tests produce similar reactions. 
5. Other fellow workers similarly aft'ected. 
6. Appearance soon after new exposure. 
7. A dermntltis and not some other dermatosis. 
8. Lack of exposure to nonindustrial irritant. 

As will be noted in the occupational survey, the plate printers nne! 
skilled helpers had the following potential skin hazards associated 
with their occupations: 



48 

IJJKtTi l\\C'TORB 

M cclwnica~ · ,. 
a. Friction of the [•alms of the bands from wipiug UJC plutes. 
lJ. Abrnslve uctlon of the clennlng materials, s.and, brushes, und oil~snturatcd 

chc'<!secloth. 
c. P!ngg!ug of the pores of the skin by ink. 
d. Dryi~~ of huuds hy yl~orous, repented use of either cloth towels, paper 

towels, or cheesecloth, and nlso Improper drying of hands. 

Cllcmical factors. 
a. Inks, on the plates, in the oil troughs, uud on the aprons of the )Jlate 

printers (massive exposure). 
b. Sol\'ents, gusoline u~ed for <'leaning platl'~. 
c. Salts of turtar (PotaK-;ium carbonate) usNl for it:-5 detergent action in 

deun!ng the hunds. 
d. Soups, prolonged, l'lgorous, and repeated bathing of the lntuds with soap 

und wuter. 
c. Oil troughs, whkh ('ontnin lllUll)' colored iuks, debris from employee's hands, 

and possibly smull umounts of gasollne. 

l11(cctions. 

a. •'nngal infection of feet, and possibly of bands; tbe use of common sl.wwer 
hnths, on the floor of which were found epithelial debris. 

b. Bacteria, staphylococcus infection of plu~ged pores of skin, causing fol· 
!leulltts; cuuslug secondary infections of the open lesions of the hands. 

JNt>IBECT FACTORS 

It is po><Sible that the above mechanical and chemical agents may cause the 
hands of the plate printers to become more susceptible to dermatophytid reactions, 
in those plate printers who hnYe dermatophytosis of the feet (6). 

It Is possible that dermatophytosis of the. feet may increase the susceptibility 
of the bands of the plate printers to allergic reactions to the inks (lH). 

Mental and nervous factors: It Is well known that the course of a case of 
dermatitis may be greatly modified if the llffected person is wtder nervous or 
emotional struln. Exacting ·precision work like this does require the closest 
lltteutlon, and In bighly·strung individuals it would not require a great deal of 
addltlonnl nervous tension (possibly arising from worry or personal grieYanees) 
to produce a mental state that would compllcate his state of health in numer· 
ous ways. 

All of the potential skin hazards enumerated above, under both 
direct and indirect factors, played some part in the cause of the derma­
tit-is of the hands among the employees of this printing establishment, 
und to determine the actual, single primary etiological agent in each 
individual case is difficult and in many cases impossible. 

The repeated contact with the chemical substances, the friction from 
wiping the plates and cleaning the hands, the maceration due to con­
stant contact with moist substances, and heat, cold, and sweat are 
factors influencing both the onset of the dennatitis and the chronicity 
of the dermatitis of the hands among these employees. 



SUMMARY 

This bulletin discusses the technique employed in conducting tl study 
of the working environment and dermatological examination of plat" 
printers. The purpose of the investigation was to study the relation­
ship between the industrial environment and certain skin diseuses. 

A discussion of the occupational survey, describing the occupations 
and the process of plate printing, us well as the occupntionnl exposure 
to inks, cleaning agents and other substances, and u discussion of the 
dermatological findings is given. 

POSITIVE FINDINGS 

Age.-The average age of the plate printers and rotary press print­
ers was 52.6 years and 17.1 percent of the plnte printers were 60 yenrs 
of age or older. 

Industrial dermatitis of the hands and the past medical history of 
industrial dermatitis of the hands was approximately the same for 
each 10 year age gToup. 

Duration of employment.-Twenty-six and six-tenths percent of the 
plate printers and rotary-press printers had been employed us such 
at the present establishment for 35 years or longer, while 74.5 percent 
of the skilled heiJ_Jers had been employed for 5 years or Jess. 

All the plate printers who had dermatitis of the lmnds had worked 
at the present place of employment for 15 years or longer. 

Section distribution.-Forty-two and eight-tenths percent of the 
plate printers with dermatitis of the hands were working in sections 4 
and 9 at the time of the examination. Only one plate printer developed 
dermatitis of the hands while employed in sections using black ink 
only, and his dermatitis was caused by cleaning his hands with sand. 
It is customary to transfer employees with dermatitis to the sections 
using only black ink. 

Cleaning materials.-The cleaning materials, mineral oil, contami­
nated with various inks and debris, soaps, sand, salts of tartar, and 
brushes were found to be a definite factor in the causation of the 
dermatitis. Gasoline, which is used to clean the plates and the ink 
fountains, was also an etiological factor in the dermatitis. 

Printing plate.~.-The type of plate was not found to be important 
in the production of dermatitis, except for the color of ink used 
thereon. 

(49) 
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/nks.-Eleven of the thirteen inks used at this establishment caused 
dermatitis of the hands among the plate printers. The greatest of­
fenders (listed in order of their frequency) were: orange No. 313, 
red No. 128, orange No. 311, and brown No. 513. 

MEDICAL HISTORY 

Family and personal hi.;tories.-The allergic disorders-hay fever, 
aHthma, urticaria, migraine, and chronic eczema-occulTed somewhat 
more frequently in the families of men with dermatitis than in the 
families of men who did not ha I'El dermatitis. The same relationship 
is true for the past personal histories of allergic disorders. 

Date of on~et of the der17Ultiti.v.-The incidence of dermatitis was 
approximately the same per year from 1900 through 1936. 

Dum/ion of tile det•matitis of the lwnd.,.-From less than 1 year to 
more thnn 30 years. 

Duration of di!rmatitis of the lwnd.; after leaving work.-Thirty­
eight percent uml ti6.7 percent, re~pecth·ely, of the employees with 
dermatitis of the hands, and employees who gave a history of der­
matitis of the hands, had no loss of working time because of the der­
matitis. The majority of the remaining affected employees recovered 
in from1 W(,(•k to 2 months after leaving work. 

E.~tinwte of the totalloo~s of wm·king time oecau.~e of demwtitis of 
the /wndN.-Thirteen yeurs working time for one mnn, during the 
period 1910 to 19:36. 

Sea.sonal uaeerbation of trte dec1matitis.-N one. 
Inks u.w•d at onNet of dermatitis.-Fifty-six and nine-tenths per· 

cent of the plate printers, who either had a dermatitis of the hands, 
or a history of dermatitiS' of the hands, were working with green ink 
at the onset of the dermatitis, according to the medical history. 

Length of time after beginning work at pre8ent e.9tablishment 
bef&re dermatitis developed.-Approximately 50 percent of the em­
}Jloyees had worked at present place for 10 years or longer before the 
dermatitis developed. 

Desmiption of tM dermatitis.-Industrial dermatitis of the chronic 
eezematous type. 

Mycological examination.-Pathogenic fungi of the feet were found 
in 33 percent by microscopic examination, 26.2 percent by culture, 
36.4 percent by one or both of these methods of examination. Thirty 
and five-tenths percent revealed clinical evidence of dermatophytosis 
of the feet, and 49.7 percent had either or both clinical evidence or 
laboratory findings of dermatophytosis of the feet. 

Epidermophyton jfocco.;um was isolated from five of the men, 
Tricltop!tyton purpU1·emn from 18, and T. mentagrophytes from 71. 
The strains were isolated within a shott period of time, and therefore 
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provided exceptionally good material for a study of variations and 
species limits. Representnti1·e strains were selected, and compnrntin' 
studies of strains were based on from 5 to 25 single spore isolates 
from each of 28 selected strains. A variety of culture types con­
taining intergrading forms illustrates the variability of this specie~. 

The controls, the plate printers with dermatitis of the hands, and 
the plate printers with a past history of dermatitis of the hands, l1n•l 
the same relative incidence of dermatophytosis of the feet by nil of 
the above methods of examination. 

No pathogenic fungi were found by culture or by microscopic. 
examination on the hands. 

Oil trough-9.-The oil of the oil troughs did not possess fungi"iclnl 
or bactericidal properties. 

'Shower batM.-Laborntory examination of material taken from 
the shower bath floors revealed numerous nonpnthogenic fnngi, bac­
teria, and epithelial cells. 

Patch tests.-Of the 121 indh·iduals IYho were patch tested to the 
13 inks used, 13 gave positive reactions. No posit ivc tests were ob­
tained among the 70 controls. 

Fifty percent of the plate printers who were patched, nil<] who lm<l 
dermatitis at the time of the examination, gave positive reactions 
to the inks. 

Twelve and one-tenth percent of the plate printers "·it h a past hi~­
tory of dermatitis of the hands gave a positive reaction. 

Results of the patch tests with component parts of inks were 
variable. 

PROCEDURE USED IN MAKING DIAGNOSIS OF THE Dt;RMATITIS 

The definition of industrial dermatitis, and the criteria for the 
diagnosis, were used in accordance with that defined by Sulzberger. 

Definition after Sulzberger ( 12). 
A skin condition to be definitely industrial must be related to an 

occupation : 
a. With due regard to the time element 
b. And beyond reasonable doubt. 
(1) Directly, from such causes as-

Mechanical. 
Chemical. 
Thermal. 
Infections-bacteria, fungi, parasites. 
Actinic. 

(2) Indirectly 
a. By complications of an occupational trauma, or the treatment o~ 

such a trauma. 
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b. By exaggeration of pre-l:!xisting skin disease. 
Sequelae and complications to be regarded as industrial. 
Diagnom.-.AJl cases diagnosed as industrial dermatitis developed 

during a period of industrial exposure, with a reasonable exposure 
period. 

All of these cases showed evidence of amelioration after cessation 
of exposure, and recurrence after exposure. 

All of the skin lesions diagnosed as industrial dermatitis were on 
areas having the maximum occupational exposure. 

The lesions were of the eczematous type which type comprises the 
majority of the industrial dermatoses. 

Skin tests produced positive reactions in all the cases diagnosed 
as caused by inks per se, and half of all the cases diagnosed as indus­
trial dermatitis gave a positive reaction to inks. (The remaining 
half were due to mechanical trauma from the cleaning agents, sand, 
salts of tartar, and stiff brushes, plus the friction due to the wiping 
of the plates, gasoline, and possibly reaction to the inks; also derma­
tophytids of the hands. These cleaning agents were not used in 
patch tests.) 

Other plate printers similarly occupied have had the skin lesions. 
The dermatitis was of the industrial type. 
As far as could be ascertained, the plate printers diagnosed as 

having industrial dermatitis were not exposed to nonindustrial 
irritants. 



RECOMMENDATIONS 

I. Pre-emplc;yrnent ea:amination8. 
1. Complete pre-employment physical examinations should h~ 

made of plate printers, rotary press printers, and skilled helpers by 
a physician who knows the hazards to the skin of workers from thest> 
occupations. 

The examining physician should specifically watch for the follow· 
ing conditions, and individuals who have these conditions should not 
be employed for the above occupations: 

a. Personal history of allergic disorders ns asthma, hay fewr, 
chronic eczema, urticaria, and migraine. 

b. Constitutional diseases that are apt to predispose one to skin 
diseases, as diabetes mellitus, endocrine disturbances, neurasthenia, 
and other diseases of this type. 

c. Seborrheic disorders of the skin. 
Patch tests, using all the inks then in use at a particular establish­

ment, should be made on each individual before employment, and if 
he gives a positive reaction he should not be employed in a position 
that will expose him to this ink. 

II. Pe1iodie medieaZ examinatwns. 
Periodic medical examinations of plate printers should be made, 

paying particular attention to the evidence of skin diseases. 
Any employee with dermatitis should have a careful examination, 

following the procedure used in this study, to determine whether the 
dermatitis is of occupational origin. 

If the dermatitis is of nonindustrial origin, the employee should 
be advised by the physician whether or not to continue work, since 
a nonindustrial dermatitis of the hands may be aggravated by plate 
printing. 
If an individual is found with an industrial dermatitis, a careful 

study should be made of his occupational exposures, especially his 
exposure to inks, solvents, and cleaning materials, and the causuth·e 
agent removed from his occupational environment. 

Practically, the only treatment necessary is the removal of the causa· 
tive agent from the employees' working em·ironment and protection 
against secondary infections, chiefly by cleanliness. 

Strong antiseptics, salves, and intensive physical therapeutic meas­
ures have been found to be ina,h·isable in the treatment of this type 
of industrial dermatitis. 

(G3) 
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All empl<Jyees shcruld be acb•V!cd to rrport immediately to the 
phyRician the occurrence of any skin disease. 

III. ChangeR in the occupational e111Viro-nment. 
1. Cleaning of the plates with gasoline should not be done by plate 

printers. Neither gasoline nor other solvents shonld be used in any 
way by plate printers. A skilled helper who is properly protected 
Hhould clean the plates. These skilled helpers could be kept in the 
Hections and called hy the plate printers when it is necessary to clean 
the plates. After the skilled helper has cleaned the plates, they 
should be carefully freed of all solvent before the plate printet• uses 
the plat<>. 

2. Clt•aning materinls used in cleaning the hands. 
a. The use of 11 common oil trough should be discontinued. Some 

nwthod should he inotituted whereby each printer uses oil not used 
by other printers. Consideration should be given to a vegetable, 
animal oil, or one of the commercinl hydrogenated fats. Some ex­
perimentation may be needed to select the proper oil and to select 
the proper met hod of dispensing the oil. 

b. The use of abrash·e cleaning agents, sand, and stiff brushes 
should be prohibited. 

c. The use of salts of tartar as a detergent should be prevented. 
d. Only a good grade o£ neutral soap should be used. 
e. Clean pieces of cheesecloth and a supply of individual paper 

towels should be furnished printers daily. . 
The proper method of cleaning the hands is one of the most im­

portant factors in preventing industrial dermatitis of the hands, 
and the fullest cooperation of individual plate printers is necessary. 

IV. Sanitary measures. 
Shower baths and wash rooms should be kept clean, and the floors 

of these rooms should b~ thoroughly scrubbed down daily with soap 
und hot water. 

No employee should be allowed to walk on the floor of the wash 
rooms with bare feet; individual sandals which can be cleaned 
readily should be used. 

Separate lockers for work clothes and street clothes should be 
furnished plate printers to prevent the soilin" of the street clothes 
with inks and other substances capable of prod~cing dermatitis. The 
lockers should be kept clean. 
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