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INTRODUCTION

ROM-the mechanical and pro-
~ duction standpoints the intro-

. duetion of the spray gun or

" air brush has proved a most important

advance in many branches of industry
and its use is increasing rapidly. In
many types of factories today it is the
only means employed for placing per-
manent coatings for protective or
artistic effect on manufactured articles.
Tts use not only saves time butb
economizes materials and permits of

e * artistic effects not easily obtainable in

“any other way- and’ also produces
" . better and more uniform coverage than

R ca,n be had otherwise.

- Since its more general use, however,
-there have appeared from time to time
. accounts of apparently serious harm to
workers from the inhalation of sprayed
matenals, as solid particles, droplets,
_ OF Vapors. The attention of the medi-
- cal profession was first called to the

possible danger of spray painting by
" Dr. Albaugh in 1915 (1), and two years
later Dr. Wade anht included one

Spray pamter in a Hst of cases of lead

“poisoning (2). In 1922 Dr. N. C
Sharpe (3) reported the results of an
jnvestigation into the lead poisoning
risk among spray operators, his studies
.ineluding air sampling in the labora-

tory and in factories and the testing of

- the efficiency of various types of
respirators.

He recognized the danger

of poisoning from fume mhalat
where volatile solvents are sp:
but reported no tests for them.

Tn 1024 Dr. Alice Hamilton
called attention to the risk of’
p01somng from spraying lead fini
and in 1924 and 1925 the Wlsc
Industrial Commisgion promul
regula,tions governing the use of
spray gun (8). These were obj
to by some as being too drastic an:
others ag inadequate. :

‘When the Pennsylvania Depa.r
of Labor and Industry desired to
regulations governing spray.c
it decided first to endeavor to 0
more definite data. than Wwere
available as to the possible he:
hazards, partlctﬂarly as to the ris
benzol poisoning from the sprayin
lacquers. For this purpose it init1
a state-wide survey in 1925 of.
entire spray coating industry, it bel
thought best to include the us
varnishes, shellacs, stains, paints,

even vitreous enamels. With thi

view the senior author was engaged
conduct such a study in collaboraty
with Dr. Elizabeth Bricker of -1
Department. Field work was car
on by Dr. Bricker, Dr. Bmyth,
H. F. Smyth, Jr,. and laborat
analyses for benzol were carried out.
Dr. E. F. Pike, then instructor
chemistry at the University of Pe




};Ivania. This field study ineluded

7 T6) o1 . . A s
Ixaminations. .. .. lant tests for materials in the air
B8 et here spraying was in progress, air
Findings........... eagurements, and surveys of spray

wipments and exhaust ventilation,
d medical examinations of spray
peratives. This was supplemented
ya geries of tests at a spray booth
cted in the laboratories of the
echanical Engineering Department
£ the University of Penngylvania, the
th being donated for this purpose
y one of the prominent firms manu-

cturmg spray painting equipment.
The Pennsylvania findings have been
lished in Special Bulletin No. 16
~the Department of . Labor and
dustry {6).

)D.S ‘e ceeae

ing from fume - inh;
latile solvents are spi
ted no tests for them:
4 Dr. Alice Hamil
tention te the ris
from gpraying lead fi
324 and 1925 the Wis
1 Commission promul
as governing the use
n (5). These were ob;
1e ag being too drasti

e National Safety Council, through a
pecial commitiee representing as far
s possible all phases of the industry

inadequate.

) . : . all directly  interested groups,
Jhecf’;ngsylvazga Pec]; mstltuted a  supplementary study.
and Industry desire his was aimed to include work not

ns governing spray.
d first to endeavor to.
finite data than were

ag to the possible.
particularly as to the.:
sisoning from the spra

For this purpose it in
vide survey in 1925
ray coating industry, it be
best to ineclude the
s, shellacs, stains, pain
reous enamels. With th
senior author was engage

ered in Pennsylvama or not suffi-

unity, The field studies for this
mmittee were also - under
myth’s direction and the field staff

The 'methods uged for this parﬁ of
} he work were selected and developed
by Dr. Pike and the laboratory work
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Following. the Pennsylva.ma su:rvey‘

ently covered owing to lack of op-

Dr.
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included H. ¥. SBmyth, Jr., and Dr.
Pike, as well as several others. Field
studies were conducted in and around
Detroit, Mich.; in Toledo, Ohio; and
in vitreous enameling plants in Mans-
field and Cleveland, Ohio. These
findings havealso been published in eon-
siderable detail as a special report (7).

It is the purpose of this paper to
present, the findings of both surveys as
a connected study of spray coating
hazards and to consider them under
three headings baged on types of
materials being sprayed: (1) lacquers
and similar = materials containing
hlghly volatile ‘and possibly toxic
solvents; (2) paints and enamels in
which lead, turpentine, and “mineral
spirits” are the potential hazards; (3)
vitreous enamels which may eontain
more or less lead or tomc plgments and

which all do contam much’ sﬂlcmus -

matter liable to produce pulmona,ry '
fibrosis. The chemical methods em-

ployed in testing for benzol aré dis- = -

cussed in a separate section as they
were the subject of conmderable 8%~
perlmentatlon and ga,ve rise to. ct)n-
siderable controversy in both 'in'f—
vestigations (8).. S

. Cemmicat Muruops Emprovep ¥ DETHRMINING BENZOL VAPOR .
‘ .- CONCENTRATIONS IN AIR

Three groups of air samples for
benzol were taken which will be treated
separately in chromologic order: (1)

n the determination. of benzol was
one by him or under his direction.
ractically all the sampling in the
d and at the experimental booth was

~. Elizabeth Bricker
ient. Field work was
or. Bricktr, Dr. Smyt
Smyth, Jr., and lab
for henzol were carried o
. Pike, then ingtruct
v at the University of P

orking on improvements in the
ethods here described.

ne by the junior author, who is now

field samples for the Pennsylvania
Department of Labor and Industry,
collected during the latter ha.lf of 1025
and January, 1926, in factories seat-
tered throughout Pennsylvama (2)
samples collected during the first half
of 1926 at the experimental spray




THE JOURNAL OF INDUSTRIAL HYGIENE ’

booth set up in the Engineering
Taboratories of the University of
Pennsylvania; and (3) field samples for
the National Safety Council collected
during the summer of 1926 in factories
in Detroit and Toledo.

Basic METHOD SELECTED FROM THE
LiTERATURE

" At the beginning of th;ls gurvey, a
sea.rch of the literature was made’ to
- find some reliable method for the
determination of benzol vapors in air.
- The ideal method desired would be
capable of easy use in the field, require
not more than one hour for collecting
one sample, indicate with 2 reasonable
degree of accuracy concentrations of
Benzol in air of from 20 parts per
~ million by volume up, snd not be
- interfered with by other vapors, such as
~ aleohols, esters, and hydrocm-bons,
present When mtrocellulose la.equers
. are sprayed
""’] Greenburg, in the Natmnal Safety
“~Couneil Benzol Studies (8), “had de-
“ termined benzol in air by adsorption on
: abtivated charcoal, but this method
‘was not applieable to the ‘present
" problem because of the complex mix-
ture of vapors present. One manu-

- facturer of lacquers had written to the
Pennsylvania Department of Labor
and Industry that he was using eleven
volatile materials in his preparations,
which of eourse would all be adsorbed
by the charcoal to a greater or less
extent.

There wasg not suﬁ'tc:tent time before
beginning field work to attempt to
develop a new method which nght be
selective for benzol. - Work in prog-
ress for over a year subsequent to this
study, and still continuing, indicates
that the development of such a method

is a very complex problem. T
data which appeared to furn
method at all satisfactory had’
presented by Elliott and Dalto
"Their work was done on the deter
tion of benzol in benzol- a.lcohol—a,c
vapors in air.

titrating the excess with 1odm_
tion. - The air containing the.
to be determined was drawn t'

acid
The mixed aci

1.5) and sulphuric
gravity 1.84).

benzene, were heated on the w
for fifteen minutes to comple
pitration, cooled, diluted Wlth

sodium hydroxide solution, an
faintly acid with hydrochlori
After dilution to about 500;
prevent crystallization of so um
phate, the hquld was extract
three succesgive portions ~‘'of
previously treated with a little 0
hydroxide solution. After separ

. of the ether from the watery la,ye

removal of the-ether by distillatio
residue was warmed on the wate
to remove any oxidation produ
the aleohol and acetone presen
air sampled, and was then disso
10 e.c. of alecohol. The
solution was heated with 10 c.c
standard stannous chloride solutio
ten minutes, cooled, and th
stannous chloride titrated
normal iodine, using starch 'af
indicator. A blank was carrie




¢ problem. The'
seared to furnis
atisfactory had”
Hott and Dalto
lone on the dete;
benzol-alcohol-aceto

of Elliott and Da?I_i‘;

cess with iodine:
containing the b e

eated on the wate:
wtes to complet;

Jine with 40 per
ide solution, and
ith hydroehlori
to about 500 .
lization of sodiw
id was extractec
ye portions o
ted with a little s
tion. After sep
m the watery lay
ether by distillati
rmed on the water ba

lechol. The
1eated with 10
1cus chloride sol
cooled, and the
ride titrated w
2, using starc
blank was carrie
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s a control. The number of parts of for setting up the apparatus and mov-
penzol per million of air was obtained ing it to the next point.

py multiplying milligrams of benzol
per liter of air sample taken-by 318.

& Usep ox Samrres CoL- '
OCEDTR PincH-

LECTED IN PENNSYLVANIA

" Field Samples

This method of Elliott and Dalton’
a5 followed for all benzol determina-
ns.in the Pennsylvania survey, with
hese few modifications. The nitra-
son acid was diluted after- reaching
the: laboratory by pouring it on ice.
The ether extractions of all samples
oken in the field were made by means

No-.ethyl aleohol was added to. the
dinitrobenzene _before . titration, in
order that no other possible oxidizing

agent might be present. A

' The scheme for taking the air sample
was Very simple. The line through .
which the air was drawn was of glass
tubing, with short rubber joints. One
d was placed as close to the sprayer’s
se as was. possible without interfer-
‘with his work. -~ The other end was
nnected, as shown in Figure 1, to the
gorption bottle and the aspirator,
hich were. kept in the nearest safe
lace. The aspirator was graduated
. read directly the volume of air
awp. into the sampling line, correct-.
o for the drop in pressure caused by
e resistance of the fine bubbling tip
the absorption bottle.. The sample
ag taken at the rate of approximately
0 - liters per hour. The saverage
ample was 7.5 liters, read to the
earest 0.1 liter. This size gample
allowed one test per hour, with time

Cock
. and

| SAMPLING
LinE

/._,
ABSORPTION =
™ Borrie

Sooivt
HroroxiDE

CARRYING
Case

Fre. 1.—Set-up used in the field for talﬁng Lk
air samples for benzol. - S

The absorption bottle used for -
taking samples in the field is shownin
jgure 2. The entrance tube ended
in a capillary tip about 0.3 mm. in
diameter and about 1 mm. from the
bottom ‘of the bottle. This arrange-
ment resulted in a well-broken stream
of fine bubbles. After a sample had
been passed through the bottle, it was
often noticed that the acid was full
of minute bubbles, which required -
some time to rise to the surface. - The
ground joint was lubricated by a
gmall amount of vaseline, care being
taken that none of it was exposed

directly to the acid fumes.
Usually after a sample had been
taken in the field, the acid was trans-
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ferred to a glass ampule and sealed up
for safe storage and transportation to
the laboratory. Care wasg taken to

JOINT

AcCID
LeveL

NL -' e/ '

FIG 2.—Absorption bottle used in the
Pennsylvania survey.

- wipe off all vaseline before the acid
was poured out of the absorption hottle.
The rinsing was done with a small
amount of the nitration acid. When

the acid was transported i in the absorp-

tion bottles, the entrance and- exit
tubes were closed with glass beads
held in rubber tubes. Blank tests
showed that the slight contamination
of the acid by rubber and vaseline,
although it produced a yellow eolor,
introduced no appreciable error in the
determination.

During the field tests twenty blanks
were run at various times to obtain
values to be applied to titration results
to correct for any constant errors of
titration, impurities in reagents, con-
tamination, or other source of positive
error. At least one blank was run
with each mew batch of nitration acid.
At least one was made with each
changed condition in field tests, such as

(_GROUND
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at the place of sampling, or ch

‘the Jength of time the acid-

posed to rubber or vaseline in;
portation. These blanks we
singly, not averaged, to cor
batch of tests to which they
responded. They were res
consistent, and ranged arcund
of benzol. At no time did
making the titrations know w.
were blanks. They consisted o
portions of nitration acid kep
absorption bottles for the sam
of time ag acid used for actu
pling, and treated. subseque

. exactly the same way.

Tests of Accuracy of M
Before the method for
termination of henzol was use

two groups of tests of its accur:
made. TFirst, dry air was:b
through weighed amounts. of

-benzol in glass-stoppered bot

entrance and exit tubes fused o
loss of weight of the benzo
sented the amount taken up
air This air was then passed
an absorption bottle containing
tion acid, exactly the same
be used in the field. The &
benzol nitrated - was determin
described above.  The av
covery of the benzol as indies
the titration result was 92 per
Becond, mixtures of 2 c.c.
ethy! aleohol, methyl aleohol,
acetate containing a small *w

‘amount of pure benzol were

pletely volatilized by a current:
air, which was next passed thro
absorption bottle with nitratio




was taken to expel all the alcohols and
- gny of their oxidation products by
peating on the water bath before
* reducing with stannous chloride, an
- gverage of 87 per cent. of the benzol
. originally present was recovered.

Unfortunately, owing to lack of time
and of equipment, this is as far as the
examination of the accuracy of the
method eould go before field work was
gtarted. Between field sampling and

e of sampling, or chy
of time the acid w;
ubber or vaseline in §
These blanks were
> averaged, to correc
tests. to which - they
They were '
and ranged around 0
At no time did the
» titrations know which
2. They consisted of
" nitration acid kept
bottles for the sam.
acid used for actus
treated subseque
> same way.

this & series of samples was taken
using known mixtures of air and
benzol, approximating the concentra-
tions found in field work. The mix-
ures were made by Yant-Frey gas-

of Accumcy of Meth

the method for the
a of henzol was used
- of tegts of its accura
st, dry air was bul
reighed  amounts o
slass-stoppered bottl
1d exit tubes fused on:
ight of the benz
amount taken up:
Jir wag then passed &

Pittsburgh Station of the United
Btates Bureau of Mines.

:-Pure benzol, pure toluol, 50:50 and
5:95 mixtures of benzol and tolucl,
n concentrations of from 100 to 10,000
parts per million of air, and the dis-
illate from one of the lacquers sprayed
t the experimental booth were
" The com-

aloulated from the data of the
machine operation were constant to
within 5 per cent. during each run. In
eterrining the concentration of the
Ir mixtures sampled, averages of
everal determinations made at in-

rated was determin
above. The average
the benzol. as indiea
n result was 92 per een
mixtures of 2 c.c. e
ol, methyl aleohol, and.
ntaining a small wel
" pure benzol were

ample were used. Samples of the
apor-air mixtures were drawn from
he chambers through absorption bot-
les exactly as field samples had been
aken, and dinitrobenzene was de-
ermined in the same way as before:
n addition a second series of samples

was next passed thro :
bottle with nitratio
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ing chambers (11), lent by the
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was taken with 30 e.c. of nitration acid
instead of 15 c.c., and at the rate of 5

TABLE 1L—RESULTE OF SAMPLING
VAPOR-AIR MIXTURES OF KNOWN
COMPOSITIONS, AS, PREPARED BY
THE YANT-FREY GASSING

CHAMBERS
CONCEN-
ggigfg; TRATION | VAPOR
VAPOR | o 'ohnon oF REPORTED
PRESENT |~ /10" | BENZOL AS
FOUND BY| BENZOL
SAMPLES% TITRATTON
p.pM. P.p . a5
Benzol 4,750 358 8
© 4,350 255 6
1,845 217 12
622 140 23
252 el GH
.-108 - 71
Toluol 9,552 185 2
5,050 230 5
© 2,132 134 4]
557 69 12
i 116 64 . 55

1 Caleulated from consgtants of the ma~
chlne :

liters per hour instead of 10 a8 was
done in the field. A few of the results
of these samplings of known vapor-
air mixtures appear in Table 1. - '
A eurve was constructed from the
results with pure benzol and the results
previously obtained for samples taken
in the field were corrected by it The -

' eurve showed the method as used in

the field to be from 10 to 60 per cent.

ervals during the taking of each efficient. The higher efficiencies oceur

at the lower concentrations, and in the
range of concentrations most fre-.
quently found in the field. It was
felt that the low efficiencies were due
to the poor design of the absorption
bottle, and in the later work this was
improved considerably.. '
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. Beeause of the low efﬁciencies.found
in this series of samples, the high
value of the titration blank, and the

TABLE 2—RANGES OF BENZOL CON-
CENTRATIONS FOUND IN FIELD
SAMPLES, PENNSYLVANIA

. SURVEY -

CONCEN-
TRATION
SHOWN
oN
TITRATION

PROBABLE
TRUR
CONCEN-
TRATION?

p.p.M.
o

- 30
31- 50
51- T5
76-125
126-175
176-230

51~ 100
101~ 200
201- 500
- 501-1,000
1,001-2,000
over 2,000

Toi_;a.l 89

‘1Baged on curve of accuracy of the

. . sampling method, as discussed in the text.

practice of reading the volume of air

7. - gample taken to only 0.1 Liter, it was
- felt best not to report any field result

as a numerical part per million, but to
divide the results into groups lying
within arbitrarily chosen ranges of
concentration. Thege ranges, and the
number of field samples in each, are
given in Table 2.

Many of these samples were taken

“where materials such as shellac and

varnish, containing very little .or no
benzol, were being sprayed. This
accounts for the large number of
zero resuits.

Interference of Toluol—The tests
with the gagsing chambers show that
the method used for benzol determines
toluol and presumsably xylol, when

they are present, with about the same .

THE JOURNAL OF INDUSTRIAL HYGIENE -

efficiency as . it does benzol
search of the lterature mad
any work was done in this surv
dicated that such would not
case, no indication being foun,
toluol or =xylel vapors w
nitrated by the acid mixture us
that, if nifrated, their nitrati
ucts would be reduced by the:
aqueous stannous chloride wit]
ten minutes of heating. Accor
it had been concluded safe to
method even when toluol was:
to be present. That toluol.w
termined by the method may
been.due to the fact that-onk:
milligrams of it were involved,
all references found were to wor
several grams. e

If it had not been for one:
found during the examinatior
aceuracy of the method, doub
have been thrown on all the r
field sampling by the interferen
toluol. It was noticed that,
any appreciable portion of thi
tion products eould be as
have come from toluel, the gl
alkaline solution obtained j
ether extraction was deep orang
red. When the nitration prodt
benzol only were present, the so
at this point was water whi
yellow, unless erough dinitrob
was present to separate ag cr.
and then an orange color W
veloped. This orange did n
semble that from & small amo
toluol nitration -produets. Xylo
tration products were later fi

- give a similar color to that

toluol, but browner. There

possible confusion of these -
from toluol and xylol with
from benzol nitration produet
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several hundred determinations made
gince these two surveys were finished,
this color hag developed in every case
where toluol was known to be
present and in no cage where it wag
¥nown to be abgent. A further dis-
cussion of this color reaction will be
given at 2 later date when studies
ow being made on improvements in
the method of determining benzol are
sompleted. -
n only two of the ninety-one field
was this color signal observed,
and these indieated no benzol on
iration; so that toluol, although
generally present in nitroeellulose lac-
ers, did not interfere with the
sults of these surveys: ,

Sam'ples Collected at E’xpeﬁméntdi
- Booth :

The 174 air samples for benzol taken
uring operation of the experimental
soth were treated by the procedure
scussed above, with very few differ-
ces. The sampling rate was 5 liters
er hour, and the size of sample was
om 3 to 6 liters, depending on the
lvent concentration as estimated
rom spraying conditions. The ab-
rption bottle was double, consisting:
two bottles such as had been uged
the field sampling (see Fig. 1),
used together: In each half, 30 c.c.

. pitration acid were placed. The'

eﬂioieﬁnip.q of this styvle of ahsorber

- 111

added benzol. From: the curves-for
the efficiency of the method, the effi-
ciency at this concentration with this
absorption bottle was 100 per cent.,
within the limits of accuracy of the

_various. meagurements involved. Be-

cauge of this, no correction for ac-
curacy of the method was used in this
part of the work. The results were
reported to- the nearest 5 parts per
million. S R :

Some as yet unknown catse acted to

lower the apparent benzol on tifration. .
In 46 per cent. of the samples taken™

at the experimental booth the results
were lower than the zero "blank.

.These had to be reported as -zero

benzol. - T _
The ether extractions of this-series

" of tests were not made with the con-

tinuous extraction device, but with
ordinary separatory funmels, -using
three 50-c.c.. portions of ether for the.
extraction of some 70 c.c. of agueous
solution. e : Coe

Procepure UsEp oN Samreres Cor- .
1ECTED IN NATIONAL SAFETY .
gy Couvcm StRVEY )
. During all the Pennsylvania work -
the stannous . chloride solution had
been giving trouble and had changed
its strength rapidly. It was stand-
ardized twice daily against the 0.1
normal iodine, and metallic tin was
kept in the bottle with it. In spite

y determined by samples taken in the
assing chambers ranged from 10 to
00 per cent., the bigher efficiencies
ceurring in the range of concentra-
ions found v actual use at the booth.
The highest concentration found on
itration of thege samples was 100
parts per million, in the sainple taken
hile spraying a lacquer containing

of these precautions 1t lost strength on
standing and was felt to be unsatis-
factory. At the suggestion of Dr.
Hamilton Bradshaw of the Du Pont
Company, the reducing agent was
changed to titanous chloride. This
must be stored in dark bottles under
pressure of hydrogen, and must be used
in an atmosphere of carbon dioxide,
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but in spite of these objections it was
folt that it was more suitable than
stannous chloride.

' In addition to the change in reduc-
ing agent, the absorption bottle was
improved. The new bottle was
gimilar to the Milliken gas washing
bottle, but of a smaller size than that
of any available at the time of the
Pennsylvania study. This bottle is

. made so that gas bubbles roll slowly
up through the absorbing liquid along
an extended helical passage, producing
circulation of the Hquid by their
motion. In the model uged in our
work the bubbles passed some 40 cm.
through acid. The bottle had a
ground-in top, carrying entrance and

exit tubes, and was filled to 2 working .

beight by 60 c.c.-of acid. ~

‘The: sanpling rate varied for the

individual absorption bottles used,
being as. rapid as would still produce

", individual bubbles in the acid. This

rate was close to 5 liters per hour. A
faster rate formed a continuous mass
of air in the helix, making it seem
likely that much benzol vapor never
eame into contact with the acid at all.
The average sample taken was 2.5
liters, read to the nearest 0.1 Liter.
This sample was adequate because of
the high  concentrations of - benzol
present’ during the almost coutinuous
spraying in the automobile body fac-
tories, where the samples for this
survey were taken. : '

The method of Elliott and Dalton,
as deseribed in detail above, was
followed in general, but there were so
many changes in procedure that it
will be simplest to outline the entire
method as used in this survey.

Affer reaching the laboratory, the
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nitration acid containing the b
dinitrobenzene was heated
hour at 100°C., thig time o

having been found necessary f
plete nitration by heating:

‘taken from the gassing chamﬁé;s

coraplete nitration was obtaine
acid was then cooled, poured
and carefully neutralized with
godium hydroxide until slight
line. The solution was then
gently for five minutes in o

remove aliphatic alcohols, et

their oxidation products. It wa:
made just acid with hydrochls
and extracted with four 50-

‘tions of neutralized ether,”
“motor driven stirrer in a large

tory funnel for mixing the ethe
the aqueots solution. . i
The ether extract was washe
little. water, and -evaporated
water bath.. The residue wa;
on-the water bath five minutes in,
to remove the last of the o
products from the alcohols an
5 c.a of freshly distilled
added, the volume made. uf
c.c. with oxygen free wate
aliquot portions of this were
for titration. Usually the ave
three 25-c.c. portions was taken
amount of benzol.
 The titanous chloride -tit
were made according to the meth
Knecht and Hibbert (12) and Et
(13). The aliquot portion of
dinitrobenzene solution was P
in a 250-c.c. wide-mouthed
meyer flask, elosed with a tw
stopper. Through one hole a 60
gtream of carbon dioxide from &
generator was admitted and
tained throughout the tits
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sntaining the ben Through the second hole, which was results probably include little if any
was heated for for the insertion of burette tips,” 25 tolucl reported as benzol,

, this time of he g.c. of 40 per cent. sulphuric acid and
nd necessary for 50 c.c. of titanous chloride solution

Discossion

by heating sam; were added and the hole was closed. The ultimate determination in the .
gagsing chambers The solution was boiled for five procedure here described is that of
on was obtained. minutes, then cooled in ice water, and  nitro groups. The method therefore
cooled, poured o ferric alum solution run in until the should be capable of use in the deter-

eutralized with g wolet color of the titanous chloride mination of any vapor forming nitro
ide until slight - di L .C. compounds with- mixed nitric and

ition wag then | 10 per cent. ammonium thiceyanate sulphuric acids. It is particularly

minutes in ord were added and more ferric alum run  adapted to the determination of ben-
ie aleohols, ete. in-until a faint, permanent pivk color zol vapors in the absence of toluol and
products. It was v ined. xylol. It can probably be adapted

with hydrochlori The titanous chlonde was from for the determination of either toluol
with four 50-c.c 0.25 to 0.3 normal and was standard- or xylol with very few changes. _
alized ether, us izéd daily againgt aliquot portions of a - On the basis of the details of the
tirrer in g large s soluti i , procedm‘e (solution strengths, ‘size of . -
mixing the ethe _ purified dinitrobenzene -in dilute al- air sample, and recovery of benzol
ation. . “The ferrie alum was 0.05 from known - Vapor concentratlons)_
ract was washed r rma,l and was standardized against as used in the Pennsylvania work, the
nd -evaporated o be titanous chloride. Blanks were lowest concentration which the method
‘he residue was hes nm'each day using all the reagents of can determine with agsurance is about
th five minutes in the procedure, and in addition frequent 10 parts of benzol per million of air.
last of the oxi lanks of nitration acid were included Owing to the inefficiency of the ab-

the aleohols and es with the field samples in such a way sorption bottle, however, a curve had
shly distilled alc hat the laboratory operator did not to be used for intérpretation of all
lume made. up % know which they were. FEighty-five = results. This curve indicated 60 per
-gen free water, field samples were successfully complet-  cent. recovery of benzol at 100 parts
ag of this were ed. Several others were taken which per million and 11.5 per cent. at
Tsually the aver were valueless because red fuming 2,000 parts per million. The modified

rtions was taken as nitric acid was used, and it was found absorber used af the Pennsylvania
10l : impossible to remove all oxides of ni- experimental spraying booth re-
uschloride titrat trogen from the dinitrobenzene. 'Lhe covered 10U per cent. of the benzol
>rding to the methoc highest concentration of benzol found at 100 parts per million and 20 per
ibbert (12) and Engl Wwas 6,500 parts per million of air and  cent. at 2,000 parts. The uncertainty
iquot pottion of geveral zero results were obtained. in meagurement of wvolume of air

solution was pl Because of the high efficiency as- sample taken was about 1 per cent.

wide-mouthed E sumed for ‘the absorption bottles On the same bases the smallest
losed with a tw used, the titration results were re- concentration which could be de-
yugh one hole a cons ported without correction except for termined with assurance in the Na-
on dioxide from & the value of blanks. The red color tional Safety Council work was 40
; admitted and m referred to before as a sign of toluol parts per million. The difference
ghout the ti did not appear at all, and so the between thig and the minimum con-
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centration for Penngylvania was

largely 1due to the fact that smaller
samples were taken in the National

Safety Council Survey. Here the .

-absorber appeared so efficient as
compared with the former ones that it
wag assumed to be nearly perfect for
the concentrations sampled. The un-
certainty in meagurement of volume of
air sample was 2 per cent. -

The procedure described determines
benzol by means of a compound of
over twice its molecular Welght (meta-
dinitrobenzene), which is a decided
advantage for small amounts. It
enables a small air gample to be taken.
After the air sample is passed through
the nitration acid, the latter may be

stored indefinitely without change,

until it iz convenient to make the
determination. Aliphatic esters, al-
‘cohols, water vapor, and . carbon
dioxide do not interfere ag they may

" when benzol is determined with ad-

" gorbents. A good indication of the
presence of toluol in the air sample is

given . as a regular parf,
procedure. -

On the other hand, the methed

several disadvantages.
presumably xylol be present; i
sampled, there is no method
by which their 1nterference

awkward to transport and
in the field. In addition,
samples reach the Ia,boi*

where improvement is n
An efficient absorber : requi
more than 10 c.c: of nitrat
degired. (2) A ‘good separ
the dinitrobenzene from:
responding toluol product.is
and (3) a separate dete r
toluol when it is presen
being done on these points
two are practically solved
reported shortly.

Lacquzr SPRAYING AND THRE BENZOL HAZARD

Lacquers are coming more and more
into general use as coating materials
and the spray gun has been largely
responsible for this. The nitrocel-
lulose lacquers came into use in-

dustrially after the war and until
recently were always applied with the
gpray gun, In the last few years

brushing lacquers are beginning to be

uged but they were not considered in
either survey as their use was not as
vet common in industry. They find
their prineipal place in domestic prac-
tice for occasional finighing and re-
finishing of household articles. In
addition to the only occasional ex-

posure in their use, they are:ng

to contain so much highl
toxic solvent material as d
lacquers :

Lacquers as a class are qu
and contain a number -of.
solvents and diluents. -

was present in considerable D

in most, if not all, lacquers..

lists the answers received to 8 que

naire gent out in 19256 to a:
laequer manufacturers. It shi
zol contents admitted by the
facturers of nine out of twe

‘shop, elev
and eleve
164 physi

8prayers 1
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admitted by the
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lacquers listéd. Beven out of twenty-
one answers received admitted 20
per cent. of benzol and over, two up to
50 per cent. Three answers specifi-
ally stated that benzol was absent;
our said that it was present but did:
pot mention any other substances.
At the time of writing, many of the
praying laequers on the market are
reagonably free from benzol.

Scorm or STUpIEs

Field studies included plant surveys,
spray. booth gurveys and measure-
ments, air velocity measurements,.
and collection of air samples for
chemical  determinations. Medical

studies included medical and working_

tions, blood pressure readings, and
urine and blood examinations.. De-
tails of procedure and detailed findings
are given in the two reports 'prev‘iously

In Pennsylvanis 214 estabhshments
were visited, representing tthty-one
d]fferent types of plants; 134 air
measurements were taken at spraying
locations and ninety-one benzol de-
terminations made on air samples.
Physmal examinations of 264 persons
were ‘made, including 127 Iacquer

and Varnish Association has listed over '.

ninety manufactured articles on which.

TABLE 3.—S80OLVENTS AND DILUENTS

. PRESENT IN COMMERCIAL LAC-

' QUERS AS REPORTED IN AN-"
SWERS TO QUESTIONNAIRE

RETRE | soLVENT NAPETHA, BENZINT
WM M M M W | BOTYL ACHTATE i
ETHYL ACETATE

AMYL: ACETATE
# W H W W | goTYL ALCOROL

TOLUOL

'| AM¥L ALCOHOL, FUSEL OIL
| wreyn afconoL, DENATURED

| ACETONE . B :
! | DIERTHYL CARBONATR .

wt e 10| LACQUER NO.!
. BENZOL

A

N

xlxioex|. x| 0.
Jx [ %]
M zixixix|x|xixlx|. b0z

R Arbltrary numbers a.dopted for this
survey. »
"1 x indicates subatance ig present. ;

4 ers—ﬁf%eﬂ—spm_ymn Or r.ﬁu.unu:.uu.l.-c
hellac or oil stains, eighty-one paing
or enamel gprayers, thirty-five varnish
sprayers, and six shellac sprayers.
In the National Safety Council
study twenty-nine establishments were
visited—two automobile factories, four

airto body plants, one custom spraying,

shop, eleven vitreous enamel factories,
and eleven contracting painters—and
184 physical examinations of lacquer
Spl'&yers were made.

Mr Pitt of the National Pamt 0il

laecquer is sprayed and he refers to this
as “a partial list.” No attempt was
made to eover the entire field of
lacquer use but we endeavored rather
to study those processes where lacquers -
were sprayed in quantity and cone
tinuously or nearly so, and, for com-~
parison, gome industries where they
were used irregularly, mtermlttently,
or in small guantities.

The statistical material was handled
somewhat differently in the two studies
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but the final analyses iead to the same
conclusion. In the Pennsylvania

study a large number of plants were

visited, in most of which one, several,
or a small group of sprayers were
found. Here no comparisons by
plants are attempted but emphasis ig
placed on medieal histories and blood
findings, the latter being analyzed in a
manner which we feel shows the

progress of blood changes due to.

moderate, more or less continuing
exposures to benzol fumes. The Na-
tional Sa.fety ‘Counecil study includes
s comparison of plant conditions as
they affect the sprayer. This was
possfole a8 Iarger groups of sprayers

weré examined in a comparatively

small number of plants. Here the
blood findings were also analyzed in
the same manner ag were those in the

" National Safety Council benzol study

so that the two studles could be
compared

DIFFERENC‘E N CONI)ITIONS

In interpreting the results of the
Pennsylvama and the National Safety

‘" Clouncil studies and correlating them

with each: other ecertain -differences
must be borne in mind. Practically
all the spraying geen in Penhgylvania
was dome in or in front of booths
having a top and three sides and with
exhaust ventilation in the rear. .The
bulk of it was on small articles such
as. furmture and small metal parts or
machines. Most of the spraying seen
in Detroit and Toledo was done either
in an open room or before skeleton
booths usually placed in line, with
right and left sprayers staggered £0
that they were not spraying directly
opposite each other though oiten
spraying in  opposite directions.

THE J OURNAL OF INDUSTRIAL HYGIENE

Many of these booths had only
and top walls and some were mer
top canopies open on all sides. - [
men often worked in a cloud of s
droplets and their exposure averag

_considerably greater than that of

Pennsylvania sprayers.

In the small object spraying in
first series, air pressure on the
averaged around 70 pounds per squar
inch, ranging from 15 up to 93 poun
In the second series, in the automot;
industry, gun pressures ranged '
80 to 105, the majority being ove
pounds. Pressures of such d
produce a heavier cloud of spray, ¢
increasing the exposure. In~ Per
sylvania, spraying as obgerve
intermittent, in almost every insta
the sprayer stopping to allow rem.
of coated objects and their repla
ment by new material. In the De
and Toledo shops, spraying was m
more continuous, as the ca.rs 3
bodies being sprayed usually tr
down & line from man to man.
wateh observations on Pennsylva
sprayers showed a maximum of
per cent. of the man’s working i
during which spray was being delive:
from ‘the gun. The same test in
National Safety Council series gav:
average well over 75 per cent., onl
seventeen men spraying less than
per cent. of the time and sixteen o
90 per cent., with twenty-two sprayin
75 per cent. of the time at the boot
This again increases the exposur
All these factors help to explain
greater evidences of toxic effect see
in the second group of workers.

CLASSIFICATIONS OF SPRAYERS

In the Pennsylvania study spraye

I I H,
June, 192
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were grouped in the following classes

"according to material sprayed:

1. Lacquer sprayers; with or without
other substances.

9. Substitute shellac and oil stain spray-
ers; both of these substances often contain-
ing benzol. Asphaltum. paint sprayers

ghould also have been pla.ced in this

class.

‘3. Paint and enamel sprayers.

" 4. Varnish sprayers.

5. Shellac sprayers, a small group of
only six men. .

In Pennsylvania, lacquers were

found being sprayed with benzol

contents varying from negligible to 50

‘per cent.  Fortunately high benzol
contents -were rarely met with in the

automotive industry where the fume

* gxposure is decidedly greater.

In the : National Safety Council

.'senes, groupings of sprayers are based
“on plants and also on length of service
" ag . §prayers, but in the Pennsylvania

tudy only the latter grouping is used.

ANALYSIS oF MATERIALS

A pumber of samples of materials

" being sprayed were collected in the
" field and' brought home for analysis.

Two lacquer samples were analyzed
carefully for benzol, one yielding 9
per cent. and the other 1.46 per cent.
of benzol.

BENZOL SAMPLING

infrequently. When found here, the
benzol was probably due to the use of 2
cheap thinner or of denatured aleohol.
We attempted to take every sample
at such a place as would give a sample
identical with the air breathed by the

worker. The ideal arrangement for

this would have been a sampling tube
held beside the man’s nose by a head
harness and connected with the ag-
pirator bottle by a flexible hose. No
operator, however, could be asked. to
wear such an arrangement for the
length of time necessary to take a
sample. In addition to being un-
comfortable for the worker it would
slow up work, thus reducing the
amount of material sprayed and con-
sequently the amount of fume in the

air. - This. would -have’ defeated the '

purpose of the. device. As the next
best method the sample was. drawn

‘through a glass tube pointed vertically

downward and fastened to. the boeth

or other support as near the worker s .|

nares ag could be done without inter-
fering with his. work. More attention
was paid to. the level of the openmg
of the sampling tibe than to its posi-
tion in relation to the sides and back

of the booth.~ The velocity of the air .
stream entering the sampling tube
was of the same order of magnitude

as that of the air passing through
the booth. When the desired volume

In . the Pennsylvania survey, air
samples for benzol were taken where
lacquers, varnish, shellac, substitute
shellac, stain, or primer were being
sprayed. Cases where benzol was
found in the air occurred for each of
these classes of materials but they

‘were few; for shellac and varnish only
gmall amounts were found and thege

Vol 10
No. 8

of air had Deen sampled, the @bEOTp=

tion tube was stoppered. with o glass -

bead placed in therubberline. Assoon

ag it ‘was convenient, the acid was

taken to-the Iaboratory for analysis or

Washed into glass ampules and sealed
in the flame.

In the second survey, the samphng _

nozzle wag usually suspended in a
fixed place so- as most nearly to.
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approximate the average position of
the gprayer’s nostrils. In both series,
effort was made to reduce to & mini-
mum: the rubber connections in the
sampling line. Qwing to the use of a
more efficient absorption bottle, 2
smaller adaptation of the Milliken
"bottle, smaller samples, averaging 2.5
liters, could be taken than in the
Penngylvania study. A field labora-
tory was set up in Detroit and analyses
were started soon after collectxon of
the samples.

In field studies of this character.

one must be very cautious in attempt-
" ing comparisons between plants on
account of the many variables which
-cannot be controlled and whieh have
‘more or less influence on results. In
addition to the guantity of material

. being sprayed and its toxic content,

.-~ the air pressure at the gun, the, ad-
‘ Iustment of the gun for liquid flow,
_the sprayer’s technie, the size and

~shape of the piece being sprayed, the
speed of working, the type of booth

. ‘and "arrangement -of baffles therein,

and the amount, direction, and varia-

tion of room air currents, all have a

diréct bearing on results.  Unless most

of the foregoing conditions are de-
terminable and comparsble one is

: jilstiﬁed in making only broad general

comparisons between groups of similar

B tests

- Bummarizing the tests for benzol in
the two studies we find ninety-one
samples analyzed in Pennsylvania
averaging 100 parts of benzol per
million of air, only five of them being
over 500 parts and one over 2,000
parts, with twenty-eight tests nega-
tive. . In  Detroit eighty-five. air
samples, taken where nine different
products from five makers were being

irs. THE JOURNAL OF INDUSTRIAL HYGIENE

being over 4500, eleven ove
with a maximum of 6,500 p
million, and only five negative. ]
differences bear out the previoy
parigsons of the relative severit
exposure in the two types of

.The aetual exposure in the au

industry at the time of the 8
however, was not quite so great,
tests would indicate, as the-
were working on an average
five days a week, ;

A MEASUREMENTS

Velocity of air flow in both
was measured by the Lkata-the
eter (14) placed as nearly as pog
at the location of the sprayer’s
ing intake at work. In the N:
Safety Council study it was at
necessary to take air measure
when the temperatures were to
to permit the use of a standar
For this work 2 kata-thermom
adapted by carefully opening t
of the eclumn, withdrawing

‘the spirit, resealing under va

and then recalibrating for tem
conditiong above the mid-point
normal kata. During part o
latter survey the normal kata’
broken and pending replacement v
lation was recorded as “good,” “p
and “bad,” accordmg to pers
]udgment :

When attempts are ma,de
relate benzol content of air Wlth A

" exhaust ventilation, ' varying res

are found even where one produ
being sprayed, since the directio
secondary air currents are consta
varying and the objects being spr
and the sprayer himself are const:

Undercqé.t

instances

report an
served be
content;
mental b

Vol. 10
No. s
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moving. With three of the products
ested, however, undercoat No. 4 and

[ABLE 4—RELATION BETWEEN AR
VELOCITY AND BENZOL FIND-
INGS, NATIONAL SAFETY
COUNCIL SURVEY

RENZOL
FOUND
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sprayed, gun air pressure, air velocity,
lacquer volume, and henzol content of
lacquer were all ‘under fair control,
show this very clearly. Even here
there were some uncontrollable vari-

TABLE 5—RELATION BETWEEN EX-
HAUST VENTILATION AND BEN-
70L CONCENTRATION IN AIR,
PENNSYLVANIA SURVEY

LOCITY

Av. |Max.

l NO. OF TESTS

R | av, arr ve-

-

lpapan. | B DT

180; 160
480 830
240] 380
320) 320

o

- Undercoat No. 4|

[ = o)
28

e
[¥)

bad 872
poor | 1,284
. 82 648
.100 | 910
 good | ,348

3,500
3,100
1,030

920

4,700
4,500
2,400
1,300

590
1,900

19 | 1,665
67 | 4,500
75 | 2,400
79 | 1,300
o gT| 415
102 | 1,083

ZLacquer No. 9

[ W b @ ovan

lacquers Nos. 5 and 9, there iz a

‘definite inverse relation of benzol

content of air to air velocity if the
‘maximum amounts of benzol in the
air at each recorded velocity are talken.
(See Table 4.) -

~ The air measurements mude i the

510 -

BENZOL CONCENTRATION
(p.P.M.)

. E;XEAU 3T
VELOCITY

Under 1580

L]
% 1
25| 38
491 7
ss| 7l
571 78]
75| 88

200 and over

1 Cumulative perceﬁtages. )
ables influencing individual tests. "(See
Table 3.) ' C :

These experimental tests showed
that with velocities up to 150 feet per
minute, which rate was never reached
in field tests in Detroit where benzol
was being tested for, 86 per cent. of the
tests gave benzol under 100 paris per
million, and 95 per cent. under 150
parts. With velocities over 200 feet
per minute, 100 per cent. of the tests
were under 150 parts per million.
The12-percent. of tests over 100 parts -

Pennsylvania studies are summarized
“as follows: 131 tests average 04 feet
* per minute with a maximum of 570 and
. a minimum of § feet. Ina number of

instances listed in the Pennsylvania

~ report an inverse correlation was ob-
“served between air velocity and benzol
. content; the tests made at the experi-

mental booth, where booth size, object

. Vel 10 -

No. 6

per million at velocities over 150 feef
per minute totaled only four tests.
One of these gave 125 parts per million
with an 8.9 per cent. benzol lacquer
and a flat piece too large for the booth;
one gave 110 parts with a 10 per cent.
benzol lacquer with the same piece

‘and booth; one gave 110 parts and

one 220 parts when gpraying into &
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deep box, under which condition the
sprayer always is exposed to a maxi-
mum amount of vapor.

Muaprcatn HxaMINATIONS

Medical and working histories of
spray operatives examined were re-
corded, including length of time spent
at present and at previous oceupations.
Physical examinations consisted of
percussion and auscultation of heart
apd lungs, reading of systolic and
diastolic blood pressures, testing re-
flexes and hand grip, hemoglobin
determinations, red and white blood
cell counts, differential white counts,
and urine analyses where samples were
collectable.

In many ingtances in the Penn-
sylvania study physical examinations
of all sprayers in the plant could be
made, but this was not always done
and not always advisable. In the
beginning of the survey every sprayer
was examined, but as practically no
evidence of ill effects of spraying was
found in men who had been at the work
for short periods, throughout the rest
of the study only men who had been
at this job for one month or over were
examined.

Wherever physical examinations
were made, air measurements were
usually made at the spray booths and
air samples taken. Air of booths

THE JOURNAL OF INDUSTRIAL HYGIENE

examinations and medical higtopje
were invaluable. As was fo he

pected, men were rarely found
work who were consciously sufferi

used for the spraying of lacquer was
sampled wherever possible, but air of
varnish and shellac booths was not
sampled unless sufficient time was
being spent in the plant making
physical examinations to warrant it.

Physical examinations, blood pres-
gure studies, and urine analyses threw
little light on the problem, bui blood

markedly from their exposure, ip. their WOl
most operatives stop the work befo_ TABLE 6.
this stage is reached. LACQUI
Histories SHE
The highest percentage of th
complaining of poor appetite w. e
and the next highest among
varnish sprayers. The highest pe
centages of those with disturh sTM
digestion were found among wvarn
and paint gprayers. There is ng
much difference in the percent .
complaining of constipation In ¢ Poor appetl
different groups and no cases w Loss of weil
very marked. A number of spray glgei@;ii
in all groups complained of headache H?;Z;fhe“
the highest percentage being in the Dizziness. .
small group of substitute shellac 4 Coryss.....
stain gprayers. Dizziness and dyspn Dyspaea. ...
are most pronounced in the sa Dysmenozr
Other sym;
group, as are also unrelated symptom§
To summarize, evidence of benzg Total sp
absorption to the extent of the prt Total fer
duetion of mild gymptoms was foun ! Pereen
in many lacquer, substitute ghells
and stain sprayers (see Table 6) The his
evidence of absorption to a less deg this grou;
in some paint sprayers and a fev - cal comr
varnish gprayers; but no evidence ¢ common
absorption in shellac sprayers. Thi conatipat
is discussed more fully in the Pe " nagal in
sylvania report. irritation
Table 7 gives a summary of th the total
frequency of complaints by length o creases
service of lacquer sprayers examin figures b
in Detroit and Toledo. In this stud for those
medical examinations were made 0 months,
164 persong—160 in seven lacque from six
2.7 for t
1 L.E Val. 10

June, 1928

No, 6
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g plants, two In one custom
shop, and two members of the survey

staff who were most exposed to spray

TARLE §.—SYMPTOMS REPORTED BY

LACQUER, AND SUBSTITUTE
R SHELLAC AND STAIN
SPRAYERS, PENN-

atage of thoge

SYLVANIA
SURVEY

vears. It will be observed from the
table that the frequenmcy of every
one of the complaints noted tends to
increase with length of service, al-
though dyspnea and bleeding fall off
again in the workers with the maxi-

TABLE 7.—FREQUENCY OF BSYMP-

TOMS BY LENGTH OF SERVICE AS
LACQUER SPRAYERS, NATIONAL
SAFETY COUNCIL SURVEY

appetite wag -
cquUer sprayers, |
st among the
e highest per.
with  disturbed ETMPTOM
among varnigh

LACQUER
STRAY-
ERB

SUBSTI—~
TOTE
SHELLAC
AND
STAIN
SPRAY-
ERS

There is not
he percentages
ipation in the
no cases were
ber of sprayers
ed of headache,
e being in the
ute shellae and
eag and dyspnea,

in the same
ated symptoms.
lence of henzol
0t of the pro-
oms wag found
stitute shellae,
see Table 6);
{0 a less degree
irs and a few
no evidenece of
SPraYers: hig
v in the Penn-

mmary of the -

ts by length of
yers examined

In this study
were made of
seven lacquer

7. L H.
June, 1928

2
=

4 To

To

Poor appetite........... 14
Loss of weight.......... 3
Digestive disturbance... 20
Constipation.......vvtn 13
Headache...o..vevannnn- 24
DHzZIness. coee v eerennr- 23

.................. 10
Dyspae...coveeverrsn- 11
Dysmenorrhea. ......... : 36*
Other symptoms. ....-.. 32

0
0
6§
13
33
33
6
20

0
60

i'-‘.DODJHU:UTL\'JHDOI

Total sprayers........ 127|100
Total females......... 11 9

[y
| S}

13

1 Percentage of total females.

The histories of the 164 workers in
this group give a picture of 2.2 physi-
cal complaints per man, the most
common heing digestive disturbances,

onstipation; 5
nasal irritation, dyspnea, and eye
imitation. It is of significance that
the total of reported symptoms in-
¢reases with length of service, the
figures being 1.5 complaints per man
for those employed for less than six
months, 2.2 for those employed for
from six ronths to two years, and

2.7 for those employed for over two .

Yel, 10
No, 6
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Total in group..........| 100

mum length of service. This is at-
tributed to a selective process which

st tends to_eliminate from. the industry

all but the individuals having a
‘naturally high resistance to benzol.

These studies show comparatively
little evidence of bladder or renal
irritation as evidenced by polyuria,
rocturia, or burning. The prevalence
of white cells in the urines is attributed
to the frequency of venereal infections
rather than to chemical irritation.
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A number of other symptoms trace-
able to benzol or other solvents were
notaed in particular instances, but not
any one of them was found in a great
aumber of cases; that is, such symp-
toms as chilliness, faintness, languor,
general nervousness, and fretfulness.
A few heart lesions were found and a
certain number of cases with Irregular
heart action, but no more than would
be expected in any working group of
this size.

A few gprayers of lacquer and of
undercoats in both studies reported
dermatitis {from thinner and other
materials used to clean the hands
after work, and in both cases it was
principally marked in those men who
neglected to remove the eleaning
material with soap and water im-
mediately after it had served its
purpose. In faet, no higtory of der-
matitis was found where men have
taken thiz precaution.

Contrary to the Penngylvania ex-
perience, a large percentage of the
sprayers in the second study com-
plained of more or less eye irritation,
28 per cent. of lacquer sprayers and
37 per cent. of undercost sprayers.
This is due to the fact, already referred
to, that they spray more in the path
of a cloud of droplets than do those in
front of complete booths,

Blood Examenations

Special attention was, of course,

paid to the blood picture since changes

in blood cells, particularly a reduction
in white cell count, are the most char-
scteristic index of very early benzol
poisoning. Hemoglobin and color in-
dex findings yielded no striking results,
ag wag perhaps to be expected sinee
the red cells are affected markedly

only in the later stages of benzel

poisoning. A red cell count bejgy
4,000,000 was found in twenty lacqy
gprayers.

The white cell counts proved highj
significant. Of a total group of
lacquer, and substitute shellac gy
stain sprayers in Penuvsylvania, 5
per cent. gave a total white cell couy
below 5,625, the figure fixed by ¢
Committee on Benzol (8) as indicatj
of clearly defined benazol poisoning;

of the 160 counts made in the second

study where the exposure was greate
11 per cent, were found below ¢
level.

Normal Blood Pictures—In bo
studies efforts were made to obt

‘at least a few normal blood picturesg

of working individuals, but the su
cess was not marked in either csg
In Pennsylvania, twenty-four em.
ployees of the Department of Lab
and Industry were examined, fo
members of the family of one of t
investigators, five vitreous enam
sprayers, and seven sprayers of shell
and filler. There was not, howeve
the same age or sex distribution in thig
small group of norms as wag met with:
generally in the survey.

The forty normals average
5,100,000 red cells, 9,382 white cells
5,808 polymorphonuciears, and 2,648
lymophocytes. Four gave moderately.

disturbed blood pictures, none high:

grade, averaging 4,500,000 red cells,
7,110 white cells, 3,704 polymor-;
phonuclears, and 2,907 lymphogytes:
The lowest polymorphonuclear count;
wag 3,484. Of thege four, three gave
higtories of ill health, in two cases:
quite prolonged and in the third
agsociated with a distinet, tuberculous:
family history. The fourth was &

J. 1. H.
June, 1628
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56_year-old colored  janitor. This MeCord. The usual textbook white
-moderate relative lymphocytosis with cell average is 7,500 and the Com-
jeukopenia and slightly low red cell mittee on Benzol took a 25 per cent.
count is typical of early tuberculosis reduction below this point as indicat-
and the pretuberculous state. Two of ing a significant decrease. We have
the three with histories of poor health attempted here to show a definite
were female clerks. The red cells downward trend correlated with in-

.otal group of 14
dtute shellac an,

Pennsylvania, 5,

averaged low because of the large
proportion of females. Tt was sur-
prising to find such a high total white
cell count, over 9,000 and very much
above the textbook norm baged on
the examinations of young healthy

gtudents. _
In the course of the National Safety

tensity and length of exposures rather
than to set any one level as certainly
significant of benzol poisoning. There
are other factors than benzol that can
lower the count significantly in individ-
ual cases and this is seen in studying
any large group of counts of even ap-
parently normal persons, but we feel

Council study white cell counts were that these low counts are unusual and
. obtained from fifty-seven and red cell that an increasing frequency of low
counts from thirty-five supposedly nor-  counts with increasing time is the
mal industrial workers. These counts significant factor in a study of this
were selected by one of the survey staff kind as showing the influence of con-
from the reeords of St. Joseph’s Hospi- tinued exposures.
tal in Detroit, and represent the blood It appears that the normal white cell
pictures of patients who entered the average for industrial workers in the
hospital after less severe types of street  districts where these studies were made
accidents without severe hemorrhage. should be placed at 9,000 rather than
These vielded even higher total white at 7,500, the higher value being at-
cell counts than did the Pennsylvania tributable to the general prevalence
a8 1 normals, but a rather decidedly lower of catarrhal inflammations of the upper
distribution in this red cell count. Of the Detroit normals, respiratory tract, of pyorrheal con-
'8 ag was met with ' thirty-five gave an averagered cellcount  ditions of the gums, and of venereal
ey of 4,576,000, the counts ranging from  disease, all much noticed during the
3,080,000 to 5,246,000. Fifty-seven gurveys.
g?é%eﬁ,atﬁgtzﬁuzﬁtiaig; ;‘;zagitgé Development of Benzol Blood Pictures
10 12,700,
Therefore we considered as a normal
red cell count in the Detroit district
4,500,000 rather than 5,000,000 as in

‘a,rtzpent of Labo:
> examined, four
nily of one of #h

vitreous ename
sprayers of shella
vag not, however

rrmals  averaged
9,382 white cells
1clears, and 2,648
_gave moderately
sfures, none high
500,000 red cells,

3,704 polymor-
907 Iymphogytes.
‘phonuclear eount
e four, three gave |
th, in two cages .
ad in the third
stinet, tuberculous .
e fourth was a

As o definite evidence of benzol
poisoning 1 frdividustcases-we-would

certainly not exceed the limib seb by
the Benzol Committee in spite of our

Pennsylvania, and in both studies we use of a higher figure in Pennsylvania
have taken 9,000 as normal white as a dividing line in studying group
count for the industrial group. This trends.

agrees with the experience of the In- We had hoped that differential
dustrial Health Conservancy Labora- —counts might be used as an indication
tories in Cincinnati as stated in a of toxic action, but we soon realized
personal commumnication from Dr. that, with the great variations in total

J.1 H. Vol. 10
June, 1928 . No. 6
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white cell counts, variations in differ-
entials would be rather meaningless
unless interpreted in terms of total
white cells; therefore the basic tables
submitted in both reports record total
white cell counts, calculated poly-
morphonueclear totals, and caleulated
~ Iymphoeyte totals.
Dr. Alice Hamilton (15) has made
rather an exhaustive study of the liter-
ature relating to benzol poisoning. In
referring to the blood picture of the
early stages of benzol absorption, she
quotes Newton to the effect that benzol
causes a leukopenia with relative in-
crease of large mononuclears and in-
creased red cells to 5,760,000, with
kemoglobin 80 per cent. (15, p. 473).
She further cites Selling as stating that
parallel with the aplasia there is an
irritant action and that for a while the
two actions go on SImultaneously (15,
p. 476).
A study of the differential white cell

count and its interpretation in terms
of the total white cell count might
indicate possible earlier evidence of
benzol absorption before symptoms
develop. If the exposure is mild and
the subject’s resistance high, this early
evidence of absorption might not
increase or might even decrease, but
if exposure is great or resistance low
it might be progressive and this early
picture might be an indication for sz
change of occupation. In these two
studies there are complete blood
pictures of 287 lacquer sprayers, 135
undercoat sprayers many of whom
. are spraying materials containing ben-
zol (quick-drying undercoats contain
benzol but oven dried undercoats do
not), fifteen sprayers of - substitute
shellac or stain containing benzol,
eighty-one paint or enamel sprayers,

thirty-four varnish sprayers, as well a3
of forty supposedly normal persong
and ninety-two partial pietures o
other normal persons.

As it was felt that the thres moeg
ingtruetive counts were total whit
cells, polymorphonuclears, and lymphe:
cytes, the averages of these countg j;
the different occupational groups
together with red cell counts, are give
i Table 8. TIn-each class of sprayer;
four groups are averaged and tabulatec
separately:

1. Those with no disturbed blood pietu
or, in other words, those with a polymor:
phonuelear count of over 4,500, an a.rbltrary;
figure chosen ag being well below the normsa
range. :

2. The total sprayers in the group,.

3. Those with = ponmorphonuel
count below 4,500,

4. Those with the extreme disturb&nce
represented by a total white count undet
5,625, the figure taken by the Bensze
Cammittee as indieative of frank b
poisoning.

It is felt that, if there is a distinet
blood picture due to benzol poigoning;
these four groupings, in’ the order
given, will present a good picture ¢
the progress of the blood changes as a
whole and of the way in which changes
in one count are correlated with
changes in the others. Group - p
possibly beginning to show the effects
of exposure, has not yet progressed to
the point of abnormality, and should
represent the very earliest stages of
absorption or early absorption in the
most resistant individuals. Group 2
Is obtained by adding to Group 1 those
who have passed the dividing line into
definite blood alterations and, includ-
ing, as it does, all sprayers of the
material in question, should show a
further change. Group 3 shows de

E: &
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Group 4 main unchanged in Group 2, and then

to 5,200,000 and 5,000,000 in

S BY SEVERITY GROUPS
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With this in mind, let us consider
each column under lacquer sprayers
separately. In, the Pennsylvania
group red cells start in Group 1 at
5,300,000, slightly above normal, rg-

Giroups 3 and 4 with & minimum i.n the
last group of 4,300,000 It will be
that here we encountered no
gevere anemias. Apparently there is
at first a stimulation and thena gradual

SECIL
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fall in red cell production. It must be
borne in mind that the use of lacquers
is comparatively new, and all lacquers
“are not equally rich in benzol. Also,
the average sprayer in this study was
exposed to his maxdmum hazard for
not more than. one-quarter of his
working time. In the National Safety
Couneil series there is not much
evidence of red cell change. Starting
with a lower count of 4,400,000 there
18 & glight drop and a subsequent rise,
neither of them enough to be signifi-
cant. The wundercoat group show
more drop in red count but here there
is the added influence of lead in many
cases. Evidently red cell change is not
very marked or very significant in
early mild benzol absorption.

Studying total white cell counts,
there is seen in Pennsylvania the same
primary stimulation followed by a
steady decline. From a normal of
9,382, the average rises to 10,131 in
Group 1, drops to 8,962 in Group 2,
7,362 in Group 3, and 5,014 in Group
4 with a minimum of 4,320, or about
1,300 below the Benzol Comm1ttee
line. Polymorphonuelear counts start
at 5,898, rise to 6,429, then fall to
5,231, 3,386, and 1,800, with a mini-
mum of 1,252,

In the National Safety Couneil
series there are found total white cell
counts of 9,806 in the normal group,
9,041 in Group 1, 7,651 in Group 2,
6,737 in Group 3, 5,175 in Group 4,
and a minimum of 4,050. Poly-
morphonuclear counts, for which there
is no separate normal figure for the
district, show 5,709, 4,712, 3,729, and
3,061 in the four groups with a mini-
mum of 1,536. These counts show the
same trend as those in the first study
except that with the greater intensity

of expogure the primary stlmulatmn
is missed. The drop in white celI,
counts is more rapid and much mopa
marked than the drop in red ce

In both gtudies the lymphocyte
counts rige at first and eventually drop
below the normal but the drop
delayed and is not so extreme in eithep
study as ig that of the other whi
counts, so that there soon develops
relative lymphocytosis. In the Penn
gylvania, lacquer gprayers the lymph
cyte count in Group 4 is greater t]:ia.n
the polymorphonuclear count, but i
the other classes of sprayers usin
benzol preparations and subjected t
greater exposureg this is not so.

The same types of changes are see
in the classes of varnish and paing
sprayers but the instances . of low!
eounts are much fewer and extremel
low counts do not appear in eithe
group. The undercoat class in th

second study shows nearly the same’

picture a3 does the lacquer group
except for fewer low counts. It must

be remembered that many of these’
men use compounds containing benzol :

and those that do not are mostly

spraying coatings containing a con-'

siderable amount of lead. ‘
If thege pictures represent early

and progressive benzol absorption .
leading up to poigoning, ag it is felt )
‘that they do, there is first a stimulation

of all blood making organs, but with
out increased hemoglobin. This is
followed by a depression, first noticed
in the polymorphonuclears, the lym:
phocytes continuing to be increased
absolutely for some time. Later they
also decrease until there is the com

- monly recognized frark benzol picture

of relative lymphoeytosis but absolute
lymphopenia followed by progressive

J.I.H.

June, 1928
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decrease in red cells. In acute and
subacute benzol poisoning these early
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in these four groups of sprayers in
each clags, they have been plotted as
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Tre. 3.—Variations in differential blood cell counts in sprayers of different materials in

relation to total white cell count.

C = average counts of controls; 1 = Group 1: sprayers in the elass without disturbed

counts; 2 = Group 2: all sprayers in the clas
polymorphomuelear counts below 4,500; 4 = Gr

s3; 3 = Group 3: sprayers in the class with
oup 4: sprayers in the class with total white

counts below 5,625; M = minimum counts in the class,

stages would naturally be missed or
be very evanescent, and in mild ab-

curves in Figure 3. In presenting

these curves it is realized fully that

sorption from long exposure to low
concentrations the eondition might
well become stationary at one stage or
another, or might even improve and
again approach normal, though it is
doubted if it ever would return to
absolute normal unless the exposure
ceased. Repeated examinations on a
group of men under conditions of such
mild exposure would be necessary to
prove these surmises.

In order to make clear the changes

Vol, 10
No. 8

the method of grouping is an artificial
one and gives no indication of the
rate of change in the blood picture.
This is shown in what is to follow.
Effect of Length of Service on Blood
Pictures—The relation of the white
cell counts to length of service, as
shown in Figure 4 for both studies,
brings out some very interesting
points. It will be noted that the
averages for the National Safety
Clouncil series are throughout very much
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lower than the Penngylvania figures,
as one would expect from the much
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F1g. 4.—Influence on white cell counts of
continuing exposure to lacquer fumes.

TABLE 9.-RELATION BETWEEN

TOTAL WHITE CELL AND POLY-
MORPHONUCLEAR CELL
COUNTS, NATIONAL
SAFETY COUNCIL

- SURVEY

TOTAL WHITE CRLL
COUNT

POLYMORPHO-
NUCLEAR COUNT

8,000 and Qver

5,000-5,599

o |6,000-6,999

1,000-1,999.....
2,000-2,999.....
3,000-3,999.....
4,000-4,999.....
5,000 and over

© 0 m w | 40004989
o2 oo | 7,000-7,999
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et
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greater average exposures. These
curves of actual average counts ab
different time intervals after beginning

spraying show the rate of developm

of the same conditions as indicated |
the grouping discussed above ap
justify the conclusions drawn the
from. It will be noted that in bt
studies after six years the avera,'é
rise again. This is interpreted as 1)
result of a process of seleetion whi
hag by this time weeded out all bu
the more resistant subjects. The pre
ence of a number of eages of benzo
absorption in the totals sends both ]
total white cell and the polymorph
nuclear count averages well below t
normal while it raises the lymphocy
countg decidedly. The normal
given in the chart are based on an
dustrial normal of 9,000, on 7
cent. of that normal for polym
phonuclears (65 to 75 per cent. ),
on 23.5 per cent. of it for Iymphocyt
(22 to 25 per cent.). If the textbe
normal of 7,500 were used, this w
still be true of the total white cc

of the seeond survey and of
polymorphonuclear counts (based on
an average of 5,252) and even mor

of the lymphocyte counts (based on.
average of 1,763).

Table 9 indicates that the nump
of polymorphonuclears followed cle
the distribution of the total whi
cells, although falling off somewhat I
sharply. Both counts seem to be ve.
delicate indexes of early ben
absorption,

Table 10 shows the white cell count
of the second survey grouped
thousands from 4,000 up to 8,0
omitting the higher counts, and b:
out the percentage distributio
counts as influenced by lengt
service as sprayers.

Blood Piciures and Adir Veloc'a 63
The highest air veloeity measu

where benzol
feet per mir

TABLE 10T
LACQT

LENGTH OF
SERVICE

TUp to 2 mos
24«
45
6-12

" were observe

Toledo where

" be made, vek
~ minute as me
~ eter were en
’ ninety-nine
. over 100 feet,
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where benzol tests were made was 108 In only twenty-five instances was it

of development : . . .
feet per minute, but in tests with possible to correlate blood examina-

as indicated by

ed above anq :
TABLE 10.—TOTAL WHITE CELL AND POLYMORPHONUCLEAR COUNTS OF

y dfwn. there- LACQUER SPRAYERS BY LENGTH OF SERVICE AS SPRAYERS,

:d that in both NATIONAL SAFETY COUNCIL SURVEY

s the averagey
erpreted ag the
selection whigh -

TOTAL WHITE BLOOD CELLS POLYMORPHONTUCLEARS

LENGTH OF 4,000~ | 5,000- | 6,000~ | 7,000~ |1,000-]2,000~ 3,000 | 4,000-

NQ. OF BPRAY-

20 33
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If the textbook undercoats velocities up to 140 feet tions with ventilation tests, and al-
used, this would: were observed. In one factory in though it must be clearly understood
otal white count Toledo where benzol tests could not that conditions at booths are con-
7 and of both be made, velocities up to 336 feet pér stantly varying and that test findings
ounts (based on' minube as measured by vane anemom- do not necessarily represent the aver-
ind even more 80, eter were encountered, and here of age degree of exposure of the worker,
wnts {based on an’ ninety-nine such tests fifty-eight were yet it will be seen that in general

‘ over 100 feet, twelve between 200 and  there is some relation between degree
that the number 300 feet, and three over 300. A of exposure, represented by concen-
s followed closely number of workers with disturbed tration times length of exposure, and
the total white’ blood pictures were found here bub disturbed blood picture. This is
off somewhat less they were using a lacquer containing a shown in Table 11.

s seem to be very: considerable amount of berzol and the When the findings are grouped ac-
early benzol ventilation equipment in the plant had  cording to plants, as is dove in the

- been only recently overbauled. The second report but omitied for lack of
white cell counts old equipment not yet replaced gave space here, they show decidedly more -
oy grouped by uniformly very low air velocities, a cases with low counts in plants where
00 up to 8,000, nurmber of them too low to be recorded  ventilation conditions were poor or
ountg, and brings by anemometer. Findings as to air where benzol lacquers were used.

distribution of velogities in this plant, as In some White Cell Counts below 5,625
d by length of instances in Pennyslvania, show that Grouping the lacquer sprayers who

. it s perfectly possible to obtain the show counts of white cells below the
! Adr Velocilves.— velocities ahove the 150 or 200 feet per  Benzol Committee limit of 5,625 ac-

olocity measured minute suggested in the two reports. cording to length of service, we find

I.EH. Yal. 10
JTune, 1928 No, 6




190 THE JOURNAL OF INDUSTRIAL HYGIENE

in Pennsylvania one sprayer working
two months and one working six

TABLE I1.—LENGTH OF SERVICE
AND BENZOL CONCENTRATIONS
FOUND FOR SPRAYERS WITH
AND WITHOUT DISTURBED
BLOOD PICTURES, NA-
TIONAL SAFETY COUN-

CIL SURVEY

BENZOL IN ATR

SIFRAYHR NO, | TIME WOREKED
‘ p.pm.

With Normal Blood Pictures

261 . . 360
205 . 230 av,
271 1,850 av.
198 1,253 av.
260 0
259 320
277 . 590

3 420
258 . 240

5 3 375 av.
269 4,500
257 18

With Disturbed Bloocd Pictures

2 . 210 av.
280 1,300
206 § 318
272 1,300
378 1,610 av.

4 - 803 av.

11 . 494 av,

1 803 av.
256 1,310
270 0

39 0
264 475 av.
28 646 av,

months with counts of 5,520 and 5,580;
three with counts below 5,000 had been
working two, seven, and nine vears
respectively. In the second series
there is no sprayer with a count under
5,625 who has been spraying less than
gix months and none with a total white

count under 5,000 who has heey
spraying less than eight monghg
Only one man with a white count
under 5,000 had been spraying legs
than three years, whereas those why

TABLE 12.—SPRAYERS WITH BENZOL:
BLOOD PICTURE AS GIVEN BY |
BENZOL COMMITTEE

SPRAYER NO, | TIME WORKSD | ¥ olTE CELY
COTNT

Pennsylvania Survey

&)

149
120

80
179
230
111
114

81
183
139
129

mos.
I

[13

5,340
5,400
4,740
4,560

= ~T W W

. National Sofety Council Survey

72 6 mos. 5,550
291 7T« 5,400
202 g ¢ 4,800

15 1 e 5,150

23 . T« 5,200
284 1 yrs. 5,200
295 13 0« 5,580.

12 3 « 5,150

71 5,350
305 4,800

40 4,800

39 5,600
264 5,360

25 4,900

41 4,060

7 4,600
155 5,550
28 5,450

oo

h 5 G e o e e O GO 02

had been spraying for three years 0'5
more show five out of ten with a count

below 5,000, one being as low as 4,050

These figures are given in Table 12

LLE
June, 1928°

This ind
ing as &
ment of
g,nd the
tions 4 -
would f
the ave
practice
exhaust
ing ma
bharm m.

The
ghow tl
gven in
curmulai
health
protects
that e
lations
this pr
are poo
not ac
designe
supplie
been n¢
Iations
without
changir
new ir
workin;
siderab
or othe

Whe
of bloo
spent a
Counci
type o
Penngsy
the gre
prelimi
evident
turbed
and me

Vol. 10
No. &



been
.cnths,
count,
1g lesg
3¢ who

ENZOL

This indicates that with lacquer spray-
ing as generally practised the develop-
ment of benzol poisoning is gradual
and that periodic medical examina-
tions and blood counts, therefore,
would furnish sufficient warning for
the average sprayer. With careless
practice and complete absence of
exhaust ventilation, however, poison-
ing may be acute and irreparable
harm may be done in a shord time.

DisoussioN

The findings of the two surveys
show that benzol cannot be sprayed
even in low percentages without ac-
cumulating in the air and affecting the
wealth of the sprayer unless be i
protected in some way. It was found
+that most exhaust ventilation instal-
1a4ions in use are inadeguate to afford
this protection, either because they
are poorly designed, not kept clean, or
pot adjusted as intended by the
designer, or else because they are not
supplied with enough air. It has also
heen noted that many of these instal-
lations can be made efficient, some
without change of design and some by
changing duct size and design. Some
new installations have been found
working admirably and giving a con-
siderable margin of safety for lacquer
or other spraying.

Wiether plottedaccording to-degree

SPRAY PAINTING HAZARDS

igl

In the automobile industry in gen-
eral, with its quantity production and
coptinucus line spraying, operatives
are using their guns and ave enveloped
in gpray from 80 to 90 per cent. of
their time. Therefore the exposure is
greater for the same materials than
wag found in Penngylvania.

The only diserspancy between the
two reports is more apparent than real.
The Penngylvania report recomizends
a minimum exhaust rate of 150 feet
per minute, or 123 as tested with a
vane anemometer which almost always
registers low at this veloeity; while the
National Safety Council report recom-
mends 200 feet. The former is the
minimurm rate which should be per-
mitted by regulation and is baged on
average findings, making allowances
for the unusual eonditions found in the
few experimental booth tests where
fairly high concentrations oceurred
with high velocities, while the latter is
an attempt to recommend conditions
under which the worker will be ab-
solutely assured of protection. Per-

sonally, we feel, however, that it will
not he possible to have any usable set-
up that will guarantee absolute pro-
tection where benzol lacquers are used
and therefore we heartily conecur in
the final recommendation of the Com-
mittee that no lacquers be used for
spraying which contain over 0.5 per

- years OT
h a count
- ag 4,080.
Table 12.

J. L E
June, 1828

of blood change or to length of time
spent as gprayers, our National Safety
Council survey records show the same
type of curves as those obfaized 1n
Pennsylvania, except that, owing to
the greater intensity of exposure, the
preliminary stimulation is not so
evident and the development of dis-
surbed blood pictures is more rapid
and more intense.

Vol. 10
No. 8

cent. of benzol; shis limit allows for the
amall amounts that may be found in
high grade toluols recommended  as
substitutes for benzol and In the
denatured aleohol used in lacquer
making,.

Where for any reason materials

containing benzol must be sprayed, it
would be best to furnish the sprayer
with an efficient air mask or helmet
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that agsures him of an adequate supply
of pure, benzol free air. Two types
of such deviees are iflustrated in the
National Safety Council report.

Concrusions,

Even relatively small amounts of
benzol in lacquers may give rise to
benzol concentrations in the air
breathed by the sprayer well ahove the
danger limit of 100 parts per million
for continuous exposure, as set by the
Benzol Committes of the National
Safety Couneil (8).

While adequate exhaust ventilation
equivalent to air movement past the
sprayer toward the spray gun of from
150 to 200 feet per minute will usually
reduce such benzol concentrations to
within the safe limit, yet safety for the
sprayer 1s not assured by this alone,

Air magks or helmets offer the only
adequate protection where the ex-
posure is high or econtinuous.

In all cages sprayers of volatile sub-
stances should be offered the protec-
tion of periodic medical examinations
ag outlined in the concluding section of
this paper.

Protection against the benzol hazard
s best afforded by discontinuing the
use of any spraying materials contain-
ing more than the minimum amounts
of benzol that may be present in the
best commercial toluol (2°C. beiling
range) and in denatured alcohol used
in lacquer manufacture—not over 0.5
per eent. in all. ‘

In the two surveys corigidered in this
paper the benzol hazard resulting
from the spraying of lacquers and

similar materials containing volatile

solvents was studied in well over 150
different industrial plants, 177 .5
samples for benzol were taken in
industrial plants in addition to thoge
at an experimental booth. These fegtq
were pearly always accompanied by
air veloeity meagurements. :
Two hundred and ninety-one lge-
quer sprayers were examined, ag wel
a3 266 sprayers of other materis

Since this paper was written, an articls
has appeared in the February number of
Tuis JoorNaL by Selma Meyer, I‘e‘porting
blood findings in a group of Workers expoged
to fumes of benzol, toluol, and xylol. A%
times the benzol predominated and af tirmeg
it was present as a very small percentage
of the whole. In ali cases, however, the
prevailing bleod picture found was that
usually attributed to benzol—a relatiy
Iymphoeytosis, with the appearance
immature and pathologie eslls of the nond
granular series. If anything, this pieturn
was more prevalent in those inhaling mixe:
fumes than in those exposed to pure benz

The author surmises that the sma
amounts of benzol in the mixed vapors are
not capable of producing these change
alone, Our experiences would lead us td
doubt this conelusion and to feel that Mayet
had possibly underestimated the amount
benzol that would be vaporized under the
circumstances and had underestimated the
harm producing possibilities of even small
benzol concenirations. o

Meyer's experience that the percentile
grouping of the differential lenkoeyte coun
was a more sensitive index of blood changes
following chronic chemical irritation th 1
are the absolute counts of blood cells hears
out our contention in this paper. We feel
that we have definitely shown this by our
discussion of our differential counts in-
terpreted in terms of total white count
We feel that the true significance of differ=
ential counts will often be missed unless
thig is done.

This :
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-:ied in well over, : PAINT AND ENAMEL SPRAYING AND THE LEAD HazARD
ial plants, 177

zol were taken Scopn OF STUDIES latter no evidence of harm was ob-

served except for possible irritation of

in addition to th This section concerns itself with the PXCep!
1 booth. These ta possibility of lead poisoning from the conjunctiva and the nasal mucous
1ys accompanied, spraying materials, and includes the Iembranes, mever very n:}arkefi.
arements. ; ase of paints and enamels, automobile Seventeen WOI‘EkBl‘S Spraying vitreous
and ninety-one | andercoats, and vitreous enamels as ename] on castings in ten different
re examined, ag . sprayed on metal castings. plants were also examined but blood
of other materis  fn the Pennsylvania survey nine counts were made on ogly five of them
o types of industry were included as z'md they showed no evidence of lead-
was written, an. artie using materials likely to contain lead, 0% unless for a somewhat low red
; count in one with a history of “lum-

l;-, lf;bﬁzrzrm;mbe ¢ Twenty-two determinations for lead
e N . . .
yer, repor in the air were made in seventeen in-

roup of workers expo .
. tolucl, and xylol. dustries. Only one test was made

sdominated and at ti where confracting painters were at
. very small perce work as that was the only instance
all cases, howeve where such men were observed actually
icture found was . X

spraying a lead paint. In fourteen of

to benzol—a rela . .
th the appesrance the plants visited sprayers were ex-

bago,” and high white ecounts in two
others, one of whom had a slight al-
buminuria. Histories were obtained
of former cages of lead poisoning in
three of the vitreous enamel plants,
all previous to the installation of the
present ventilation system.

In the National Safety Couneil

-ologic cells of the no amined as were fifty-ive other spray- ; : :
" anything, this pie ers in an additional group of fifteen SUTYeY studies were made in slx
in those inhaling m industries where there was no op- automobile body plants or automobile
' dt- i ) N 4 . - .« .
;ng::ethztpu:l?eben portunity at the time to take air plants in Whlf}h undercoats contaming
8 lead were being sprayed. Also three

sampleg for lead.

in the mixed vapors
- Fleven contracting painters were

oducing these cha groups of structural painters using the

spray gun with lead paints on inside

enees would lead u interviewed but only those of their : -
»n and to feel that M employees were examined who were or outside work, and six groups of
>stimated the amoun ' workers spraying vitreous enamels on

full time gprayers, seven in all. Many
had underestimated 't of these men spend as much or more
ssibilities of even sm: time as brush painters than as spray
08 : _painters and they are more apt to
nee that the percents brush lead paints than to gpray them.

erential leukocyte cou
ot A number of contractors refuse to-
o index of blood chang for lead in the feces on many. A

chemieal irritation th 1 i
unts of blood cells bes: spray them use considerably more number of other contracting painters
in this paper. We fe non-lead than lead coatings. Im in- Wor° mtemewgd but theu: en_lployees
;Lfﬁg shown this by o terior finishing, the flat coat quick- were not examined ag their time was
R Ofe;??;f a;hgg ; Iclzinf drying zinc paints and the lacquers are divided 1?reS“1aﬂY between brush and
-ue significance of diffe replacing lead paints for home and spray painting.
often be missed une office decoration al}d cold Wa,ter.p?,ints ) Crmvroat, METHODS
with no lead are being very extensively
sprayed in factories. In the former ATl the chemical work in the detec-
group the solvents are more harmful tion of lead in air and material samples
than the suspended matter and in the and in urines and feces in both surveys

to castings were examined. There
were 172 sprayers included in these
groups. Histories were taken and
physical examinations were made on
all, and blood examinations and tests

be vaporized under t

spraytead paints—and—these—whe-de

Vol. 10
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was done by H. F. Smyth, Jr. The
methods employed were selected after
a copference with members of the
staff of the United States Bureau of
Mines Laboratory in Pittsburgh and
were based on the TFairhall method
(16).

Preparation of Samples

Feces specimens were collected in
Atlag flint glass, wide-mouthed jars,
provided with glass lids and rubber
rings. In no ease was material which
had touched the rubber used in the
analyses. Since the samples were to
be weighed very soon after collection,
no preservative was added. Torty-
gram samples were weighed out in
Coors porcelain crucibles (in some
cases the entire sample collected was
less than 40 gm.). The feces were
dried in an air bath for about twenty
hours and were then aghed in an elec-
tric muffle  kept at a temperature
judged to be 600°C. The ash was
allowed 4o cool, was then warmed with
1:1 hydrochloric acid, and filtered

" through ashless paper. The residue
was washed and the paper ashed.
This second ash was extracted with 10
per cent. tartaric acid in 1:1 hydro-
chioric acid, and filtered. The filirate
from this was added to the first filtrate.
The combined filtrates were made
alkaline with sodium hydroxide, then
made just acid to methy! orange with
hydrochlorie acid, and allowed fo
stand one-half hour, after whick the
reaction was again adjusted.

Dust samples collected on cotton
filters were aghed in the muffle and the

chloric acid. The solution obtained
was made slightly alkaline, and then
© just acid to methyl orange with hydro-

agh extracted with warm 1:1 hydro-

THE JOURNAL OF INDUSTRIAL HYGIENE

chloric acid, allowed to stand, apg
the reaction readjusted. :

Paint samples were weighed out intg
Coors crucibles, ashed, the agh ey’
tracted with 1:1 hydrochloric acig]
and the entire ash suspended in the
extract. This was brought to the
proper acidity in the way described
above. '

Enamel samples (vitreous) wers
warmed with 1:1 hydrochloric acig
and the entire sample suspended in the

per cent
in glaci:
volume
after it
the colo
g series
lead cl
chloric
gary t<
sliquot
the det
amount

extract, which was brought to th All 1
proper acidity. ' tested £
Determination of Lead mun, Us
: agents.
The solutions obtained above were ently z¢
saturated with hydrogen sulphide an used tk
allowed to stand at least three hours new Co
in an atmosphere of hydrogen sul was bei
phide. They were then filtered
washed with water saturated wit &
hydrogen sulphide and containing 0. Tabl
per cent. hydrochlorie acid. The sul analyse
phide on the filter was dissolved in gprayec
hot 1:1 nitric acid, the filter pape in the
washed into the filtrate, which wag analyze
then evaporated-to a small bulk ¢ gested
coagulate the sulphur. This was the well as
diluted and sulphur filtered off, th thoritie
solution eooled, thymol blue added lead =il
then enough strong sodium hydroxid unfritte
solution to turn it a faint blue. Aceti practics
acid was added to make a pale green glazes 1
then 3 c.c. in excess, then 10 c.c. of 1 Americ
per cent. sodium chromate were adde indieat:
and the solution was brought nearl tontain
to boiling. It was allowed to stan are {rit
overnight, then it was filtered throu; called ¢
ashestos, washed with hot water ve 1912 b
thoroughly. Little L
The lead chromate on the asbestos. enamel
wag dissolved in 10 per cent. hydro-: amoun
chloric acid, the filter was washed welk In t
into a Nessler tube, and 2 c.c. of & survey
Val. 10

No. §
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per cent. s-diphenyl carbazide sclution
in glacial qeetic acid was added. The
yolume was made up to the mark, and
after it had been standing two minutes
the color developed was compared with
,, series of tubes made up from a known
read chromate solution (in hydro-
chloric acid). It was usually neces-
spry o compare the color of an
aliquot part of the solution, owing %o
the deep color developed by large
amounts of lead.

All reagents used were previously
tested for lead. Frequent blanks were
run, using the same amounts of re-
agents. These blanks were consist-
ently zero. New pyrex glagsware was
used throughout. Al poreelain wag
pew Coors.  No other work with lead
wae being done in the same buiiding.

Anarvsts oF MATERIALS

Table 13 gives a synopsis of the
analyses of samples of materials being
gprayed in Penngylvania, as collectad

in the field. Vitreous enamels were.

analyzed for ‘‘seluble lead,” as sug-
gested by English workers {17), as
well as for total lead. English au-
thorities feel that insoluble or fritted
lead silicate is much less toxic than are
untritted lead compounds, and English
nractice now is to add all lead to

presence of lead in the sprayed
materials in almost all instances.

TABLE 13.—LEAD 1IN MATERIALS
SPRAYED, PENNSYLVANIA
SURVEY

MATERIAL

l TOTATL SAMPLES
l NO. NEGATIVE

Paint and enamel. ...
Silicious material
Soluble lead
Total lead

Pt 02
- =X
-1

]

Lead was constantly present to the
amount of 10 per cent. in three of the
five plants spraying undercoats, to 11
per cent. in the fourth, and to 19
per cent. in the ffth. The paint used
by wo groups of indoor room sprayers
contained 0.002 per cent. and 0.5 per
cent. of lead, respectively, while that
used by one group of exterior painters
contained 19 per cent. The per-
centage of soluble lead in the vitreous
enamels tested varied widely. One
plant used material containing 0.4 per
cent: of soluble lead, one 0.7 per cent.,
one 8.8 per cent., one 11 per cent.,
one 14 per cent., and one 2 per cent.

glazes before fritting on this account.
American manufacturers, as the table
indicates, often add considerable lead
containing material after the glazes
are fritted. Dr. Alice Hamilton (18)
called attention to this as long ago as
1912 but the praetice still continues.
Little lead was found in flat paints but
enamels always contained appreciable
amounts.

In the National Safety Council
survey it was possible to determine the

Val, 10
No,

Ot other refusedto—sHew—& sample
to be taken for analysis, but material
sold by the same firm and tested in
Pennsylvania gave 2 higher lead
content than any of the foregoing.
Table 14 gives the vesults of material
analyses.

CoNDITIONS AFFECTING Leap IN AR

Table 15 records the results of tests
for lead in the air at spraying booths In
the Pennsylvania study, with the
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percentage of lead in the material
being sprayed, the air velocity, the air

gether in an effort to develop gom&
correlation or explanation of ¢

ABLE 14 —ANALYSIS OF MATERIAL SAMPLES, NATIONATL SAFETY
“COUNCIL SURVEY

SILICA
a1
DRIED
SAMPLE

CLASS OF
MATERIAL

DESCRIPTION

LEAD IN
MATERIAL Ag
SPRAYED *

%

[T =R B - A R VR

Pt e
b =

=
=~

glaze
primer
paint
primer
surfacer
primer
surfacer
primer
gurfacer
lacquer
laequer
vitreous enamel

vitreous enamel

vitreous enamel
vitreous enamel

paint

paint

primer

zlaze

guide

gurfacer

primer

primer

vitreous enamel
vitreous enamel

vitreous enamel

paint

vitreous enamel
vitreous enamel
vitreous enamel

first coat
Staywhite
oxide, first coat

oil solvents
laequer solvent

for sheet metal
for castings

for sheet metal
for castings

Asepticote

lead in oil

red lacquer solvent
purple lacquer solvent
yellow lacquer solvent

red oxide
second coat

. for sheet metal

for castings
for castings

French gray
for sheet metal
for sheet metal
for castings

b e
| — e TS Ut
SO0 OO D

26.0 total
0.0 total °

3.8 total
0.07

0.0

0.0

11.0 sol.
13.0 total

pressure on the gun, and the relative

All these factors were tabulated to-

variations in the amounts of lead
humidity at the time of ‘sampling. found.

In the spraying of materials contain=
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1 of the

ing lead one is dealing with solids m
guspension rather than with soivent
vapors and consequently there was
ap even greater variation in the
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height of the sampling nozzle, or the
sprayer’s nose. When air pressures

TABLE 15.—SUMMARY OF LEAD

ETY -
amount of material found than in the TESTS IN PAINT AND ENAMEL
. . SPRAYING, PENNSYLVANIA
henzol tests—depending on air cur- SURVEY
LEAD IN rents, the height at which the worker
ATERIAL Ag . - H I [N
SPRATED holds his spray gun, the air pressure = A >
on the gun, the distance a4 which it iz E b E g .
% peld from the object being coated, & Za g - 72
3.0 the shape of the object, and the z 5% 2 & B2
; .g relative humidity. The specific grav- 2 & = 5 2 o &
2o ity of the vehicle and the size of the 5 A < ﬂ* 4
1.0 lead particles in suspension influence  mg./l o \ft./mint % 1bs.
1.0 the rate of settiing and, therefore, the 00 | ..... 38 .. ..
3.0 amount of lead reaching the breathing 0.0} ... 90 . 90
2.0 area of the worker. There seems to 0.0 1 .- 15 ‘- 55
0.0 definit lati hetwee 0.0 0.15 69 80 70
0.18 be no definite relation etwe n per- 44 110 04 g 50
0.13 centage of lead in materials sprayed  g.0 1.10 | 104 @7 €0
0.7 sol. and lead recovered in the air gample. 0.0034| 0.13 68 84 20
2.3 total Six tests were zero for lead. In two 0.0070 | - 1.10 o4 78 60
0.4 sal. of these instances the paint contained 0.0080 ;  6.80 e . 100
6.0 total 1 ¢ lead di third 0.0100 7.90 56 .. 90
0.0 total 1.1 per cent. of lead and in & WG g pi3] 08| w2 ) T4 90
0.0 sol. 0.15 per cent., but in another test with o016 | 0.36 35 50 100
:3.40 total only 0.13 per cent. of lead in the 0.0250) ..... 82 40
0.5 paint 0.0034¢ mg. per liter of ajr wag 0.0260 ..... , 54 .- 5B
9.0 found. This was, however, the lowest 0.0350 | 58.80 5L | 39 80
06.01 t4ive lead fnding i . 1 0,0370 0.39 124 38 90
0.3 posﬂm{e ead finding in any air sample. g o419 5.50 178 N 20
6.3 In six other tests, where the material 90530 | 0.17 86 40 70
19.0 being sprayed contained less than 1 00720 2.00 a1 47 70
)8.0 per cent. of lead, amounts varying  ©.1360 ..... 60 45 90
.0 from 0.0134 to 0.245 mg. per liter of 0.1930 | 0.90 | 103 51 90
0.0 . . 0.2450 0.86 48 58 80
14.0 sob. air were recovered, the latier being
15.0 total the highest concentration of lead
3.8 sol. secovered from any airsample—Wath—at—the gun are studied in relation to
3.8 total paints containing from 1.1 per cenmt. lead found, in general the larger
3'37 up to 7.9 per cent. of lead, amounts amounts of lead weré correlated with
0.0 ranging from 0 to 0.072 mg. per liter the high gun pressures, although one
11.0 sol. were found and with one sample of the amallest samples was obtained
13.0 total containing over 50 per cent. of lead where the highest gun pressureé was
only 0.035 mg. per liter was found. used. There was mno air veloeity
In this instance metal wastebaskets meagurement at this booth.
ats of lead were being sprayed on a low stand in a Tt was impossible to correlate air

ials contain~

J, LA
Fune, 1928

very large booth and a very small
amount of the spray reached the

Vol, 10
No. §

velocities with lead recovered, except
in a very general way. The higher
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percentages, over 0.05 mg. per liter,
were found where velocities ranged,
with one exception, under 70 feet per
minute. Lower amounts, up to 0.0134
mg. per liter, were found with veloci-
ties of 68 feet per minute or over,
exeept in one instance where the
velocity was 56 feet. In two in-
stances, however, high velocities were
found with high lead contents, 0.037
mg. with 124 feet per minute, and
0.041 mg, with 178 feet,

Rather surprisingly, tests do show
a more definite negative correlation
between lead in the air and relative
humidity than between any other two
factors, but with so many variables to
be considered this may be aceidental.

In only two instances where material
containing over 1 per cent. of lead was

" being sprayed were air tests negative
for lead. Outside of the six negative
results, in only three of which we are

sure the material sprayed contained
lead, tests showed In every instance
amounts of lead in the air considerably
above the 0.5 mg. per cubic meter
limit given by Legge (17, p. 207) as
the smallest amount causing peisoning

in the course of years. (The National
Bafety Council Report (V) considers
0.6 mg. per cubic meter as a safe limit.)
In spite of this fact no eases of frank
lead poisoning were found in the firgt
survey.

In the National Safety Council sur-
vey, twenty-seven analyses for lead in
the air as breathed by the sprayer were
made, the sample being agpirated
through a well-packed 2-ineh cotton
filter. In the case of exterior and
interior wall painters it was necessary
to follow the operator about with
the sampling tube fixed on the end of &
long rod. This was connected by a
long rubber tube with the agpirator

which was at times stationary and
times carried by a second member
the survey stail. _
(" Of the five plants spraying unde
coats studied, two gave values averaged
a3 0.2 mg. of lead per cubic meter
air—well below the danger limit
about 0.6 mg. set by the Spray Coati
Committee. The other three plantd
gave very high average figures, 32 m
99 mg., and 164 mg. The air in ¢
vicinity of the indoor wall painte
was negative for lead. Air in ¢
vicinity of the exterior wall painte
using a paint testing 19 per cent. le
and spraying in a strong air curre
averaging 300 feet per minute gave
mg. per cubic meter, a possibly s
nificant amount. The smallest
sample was 2.25 liters, four we
between 4 and 5 liters, four between
and 8 liters, and the remaining were
liters or over, up o 12 liters in ¢
ingtances. In the smaller samples t
opportunity for chance errors is
course, great and whenever possi
the larger samples were taken exce
when the concentration was evident]
very high. o
In analyzing the air tests made.

this gecond survey it was noted th
as in Pennsylvanis, the air pressure
the gun had a decided influence on
amount of lead in suspengion in the
sampled. One negative result w
obtained with gun pressure over 99
pounds, while enly two out of eig
tests with pressures under 90 poun
were positive, oné of these being i
minimum amounf detected by t
method employed. The results of
tests are given in Table 16. All te
with a trace of lead were reported a8
0.001 mg. per liter. They were 89
reported as it wag felt that this a8
the low limit of sengitivity of the
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spraying walls, eitber interior or ex-
terior, spends more time getting ready

TABLE 16.—AIR TESTS FOR LEAD, NATIONAL SAFETY COUNCIL SURVEY

AIR

LEAD IN giﬁ;?gg TEAD TEAD IN ATR RELATIVE PRESSURD

ATR - T FOUND MATERIAL VYELOCITY HOMIDITY AT SPRAY
TAREN GUN

I :

mg./l. i mg. % Ft. min. A ibs.
0.0 2.0 6.0 0.5 0 65 50
0.0 9.0 0.0 3.0 "Bl © 51 85
.001 9.0 0.006 | ....ieiees 140 . 81 35
5.0 9.0 0.9 15.0 49 51 85
0.0 9.0 0.0 15.0 49 51 85
0.0 2.25 0.0 0.01,0.3(2 43 54 85
0.007 9.0 0.06 0.6,0.8 41 54 85
0.0 9.0 0.0 19.2 33 85
8.0 7.5 6.0 0.002 0 52 90
0.0 9.2 0.0 0.002 0 52 90
0.0011 12.0 0.01 19.0 300 &7 90
0.0011 12.0 0.009 19.0 300 67 90
9.0 9.0 0.0 15.0 49 52 9%
0.0 9.0 0.0 15.0 49 52 95
0.5 9.0 5.4 18.2 40 33 95
0.0 9.0 0.0 8.0 8 33 95
0.1 9.0 0.88 8.0 2 33 95
0.04 9.0 0.36 29.0 30 95
0.045 9.0 0.:403 2¢.0 30 Y0
0.096 9.0 0.87 24.0 64 65 100
0.49 4.4 2.16 11.0 85 74 105
0.001* 5.05 0.003 9.0 46 65 105
6.0 4.7 0.0 0.0 160 44 105
0.0 5.25 0.0 0.0 150 44 105
0.0 5.06 0.0 12.0 good dry 105.
0.0011 4.45 0.004 12.0 good wet 105
0.0011 4.7 0.006 9.0 46 65

1 Thege values represent an arbitrary minimum, based on the probable sensitivity of

on1n the air
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the method of estimation, and may be interpreted as—a trave

* Testa at same booth.

They may not, however, be significant,
and certainly are no proof that lead

would always be found in the air of
that booth under similar working
conditions.

FxTENT OF LXPOSURE TO LEAD

It must be borne in mind that no
sprayer is continuously exposed to the
full extent of his hazard. Fvery man

Yol. 10
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for spraying and clearing up than he
does at the gun.  With booth spraying
the operative is actusily gpraying &
maximum of 50 per cent. of his time
and in some instances not more than
10 per cent. In the automobile in-
dustry, however, the percentage of
time spent in spraying is much higher
owing to continuous line spraying, as
was indicated in the section on lacquer
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spraying. If we bear these facts in
mind, it seems fair to divide the ob-
served exposure by at least 4 in order
to estimate the actual hazard.

Sharpe (3) says that in his tests with
respirators he found that an effictent
regpirator will reduce the lead content
of air from 232 mg. per 10 cu. m.
(or 0.0232 per liter) to between 11 and
12.4 mg. per 10 cu. m.—still two or
more fimes the safe limit. A full dis-
cussion of the efficiency of various
types of respirators iz given in the
National Safety Council Report (7,
Appendix II).

MzapicAl EXAMINATIONS

Histories

Very little definite history of lead-
ing was found in the Pennsylvania
study other than that previously
referred to in the vitreous enamel
industry. One  manufacturer of
struetural - iron which is spray
painted in the open reported frequent
complaints of gastric pains from his
men hefore he discontinued spraying
lead paint. A plant gpraying freight
cars snd locomotives reported a rapid
turnover among sprayers but they
used little lead. Table 17 gives a
summary of the symptom complaints
of paint and enamel sprayers in the
first strvey. Some of thege men were’
spraying material containing some
benzol; therefore their troubles cannot
all be attributed to the lead. Ounly
5 per cent. gave a history of loss of
appetite; the same percentage reported
loss of weight; 23 per cent. gave a
history of digestive disturbances; 14
per cent. complained of constipation;
and 22 per cenf. gave a history of
headache. The figures for digestive

disturbances and constipation are
higher than those obtained frop,

TABLE 17.—SYMPTOMS REPORTED
BY PAINT AND ENAMEL
SPRAYERS, PENNSYL-
VANIA SURVEY

SYMPTOM

Poor appetite

Loss of weight
Digestive disturbance
Constipation
Headache

Dizziness

¥ Peraentage of total females.

lacquer sprayers and may indicate th
effect of lead.

In the National Safety Counci
survey the sprayers examined we
grouped, not by plants, but b
materialy sprayed, as follows: unde:
coats, all containing more or less lea

and many also containing some henzol

or other volatile solvent; paints mostly;
for interior use containing no lead,

but some of them quick driers which:

may contain benzol, ete., and certainl

do contain benzine; exterior pain

containing lead; glaze, ground, rough
coat, oxide, and fillers, all trade names
for various specific undercoats many
of which contain considerable lead
but no benzol ag they are oven drie

and slush coat, an oily base stain
sprayed on frames and a quick drier
probably containing congiderable ben~
z0l.  Medical examinations were made
on a total of 172 persons in these
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groups; including ninety-eight under-
coat sprayers, thirty-nine house paint-
ers, and thirty-five vitreous enamel
sprayyers on castings.

The higtories of these men ghow 1.8
complaints reported per man, slightly
less than the figure 2.2 reported by the
lacquer sprayers. Analyzed by length
of serviee, there was 0.8 complaint per
man in the group employed less than
¢ix months, 2.1 in the group emplayed

"¢ix months to two years, and 2.2 in

the group employed over two years.

The incidence of the more specific
complaints by length of serviee is
indicated in Table 18 for the entire
National Safety Council group. Of
the thirteen complaints listed, only
six—constipation, digestive disturb-
ances, loss of weight, loss of appetite,
gastric pain, and lead line on the
gums—are of special significance in
relation to lead poisoning but any
evidence of poor health may, of eourse,
be directly or indirectly attributable
to lead if there is lead exposure. As
in the ease of lacquer sprayers, with
the exception of eye irritation, the
incidence of every symptom recorded
increases with length of service in the
first two periods, while the incidence
of many symptomg decreases again
in the group employed over two years
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of these men showed definite weaknegs
in the wrist extensors.

TABLE 18.—FREQUENCY OF SYMP-
TOMS BY LENGTH OF SERVICE
AS LEAD SPRAYERS, NATIONAL

SAFETY COUNCIL SURVEY

HE,E LEAD

ﬁ SPRATERS

= EMPLOTED
CREFE

SYMPTOM G % Ml

= | el

| o] |

Slal gl

22133

EIE| 2| F
L A o

%l | P %

Eye irritation........... 19117113 | 25
Headache............... 18] 8116123
Dizziness. .............. 171 3118423
Counstipation............ 91 3]12110
Digestive disturbance...| 18| & | 24 | 20
Dysprea................ 0] 6|13 10
Losg of weight.......... 10 311013
Bleeding................ 41 0| 4| 6
Numbness. .... e 1y 0] 3] €
Tingling................ 73| 7| 9
Loss of appetite......... B| 6110} 8
Gastrie pain. ........... 3] 0 4} 4
Lead line............... 51 3|1 7| 3

Ineludes all undercoat, paint, and vitre-
ous enamel sprayers as possible lead
Sprayers.

Comparing the total incidence of
symptorms among lead sprayers in thig -
second survey with that among lac-

lers—which
{ ecertainly
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as the result of natural selection.
Some of these men at times spray
lacquer and at other times under-
coats. There wag comparatively little
evidence of pallor except in gprayers in
particular plants where conditions
were recognizably bad, and in some
sprayers of vitreous enamels con-
taining lead. A few of the lead spray-
ers ghowed altered patellar reflexes—
either increased or decreased. Beveral

Yol. 10
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quer sprayers in the same study, we
find that the lead sprayers show
more digestive disturbance, gastric
pain, and lead line while the benzol
gprayers show more eye irritation and
nasal bleeding.

Urine Analyses

In the Pennsylvania survey urine
samples were examined from eighty-
one paint and enamel sprayers, 37
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per cent. of which showed a trace or
more of albumin, as did 29 per cent.
of those from the varnish sprayers
and 36 per cent. of those from the
vitreous enamel sprayers. Casts were
found in nine samples from vitreous
enamel sprayers, and in five from paint
sprayers. Cylindroids were reported
from six vitreous ename! and six paint
sprayers. These examinations do not
show much evident damage to the
kidneys attributable to lead.

Tests for lead in the urine made in
this first survey as an evidence of
lead absorption gave the following
results: Vitreous enamel sprayers
more often than not gave positive tests
(nineteen out of thirty-one) as only
those spraying lead enamels were so
tested. Among paint sprayers, four
out of seven gave positive tests, and
among enamel sprayers, four out of
five. The enamels usually contained
lead. From these tests it would
appear that lead is being absorbed
- by nearly all operatives spraying

materials containing lead. '

Analyses of Feces

Feces examindtions as evidence of
lead ingestion, but not necessarily of
- lead absorption, were made in the
National Safety Couneil study for the
purpose of comparison with those
reported by the committee appointed
by the Surgeon General, United Stateg
Public Health Service, to study the
hazards involved in the use of tetra-
ethyl lead gasoline (19). Tifty-
five such tests were made and grouped
in the same way as those of the
Surgeon General’s Committee and
they are averaged in Table 19. It
will be seen that the sprayers of lead
materials fall midway between the

normals and the workers in b

group of
intensive lead hazards. gtain  spr
' blood sli
TABLE 19.—LEA13& ;E\IIOIL:TEA%ES OF L, McCord -
oo, SURVEY BEETEgAl
there evic
LEAD IN NOR- | spRay 5 tion than
FECES MALS! | COATERS McCord’s
they were
mg./gm. % 7 indicative
52 65 :
45 PR It will
2 : 15 that 1n P
0 15 paratively
1] 2 : from lead
: United States Public Hoalth 5o were work
n1 auves upiie & o
Groups Z and B—77 B,utomsbile drei'\fé‘i conta.mmg
* United States Public Health Seryi - lead.
Group E—41 workers in highly hazardg In the
lead industry. > lead in -
National
Blood Examinations  terminatic
The average blood cell count circumsta;
paint and enamel sprayers examine hemogloh
in the first study have been given’ cells, and
Table 8 in the section on lacqu - also of the
spraying, as some of thege e ing furnis
sprayed material containing benzo stippled ¢
which we think is often present in th The he
cheap thinners incorrectly uged any results we
sold at times as “mineral spirits. recorded i
This fact of course influences th ing 76 pe
average findings of the group. : color inde
Of the eighty-one paint and enam 0.89 for
sprayers examined in Pennsylvani figures a
twenty-two, or 27 per cent., gave evidence ¢
caleulated polymorphonuclear coun: considerec
below 4,500 and only two gave a tot of the gro
white count under 5,625—one 5,58 : Of the
and one 5,520. This would indieat per cent.,
that the benzol exposure was onl below 4,0
slight and accidental in this group cent. of
Red cell counts, however, averaged : minimum
5,100,000, with thirty counts under . six, or 4 |
5,000,000—a larger porportion of low count belf
red counts than in any except the small cent. of
JLH Vol. 10
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group of fifteen substitute shellac and
otain sprayers. In most instanees
plood slides were stained by the
MeCord method (20) for basophilic
aggregations and in no instance was
there evidence of a higher concentra-
tion than 5 plus according to Dr.
MeCord’s seale.  Usually when found
they were reported as 2 or 3 plus, nob
indicative of leading.

Tt will be seen from these results
that in Penngylvania we found com-
paratively little evidence of harm
from lead, though a number of men
were working in atmospheres at times
containing considerable amounts of
lead.

In the case of workers exposed to
lead in the plants studied in the
National Safety Council survey, de-
terminations were made, as far as
circumstances permitied, not only of
hemoglobin, color index, total red
celis, and differential white cells but
also of the specific index of lead poison-
ing furnished by the observation of
stippled cells.

The hemoglobin and color index
results were slightly lower than those
recorded for lacquer sprayers, averag-
ing 76 per cent. hemoglobin and 0.83
color index as against 82 per cent. and
0.80 for lacquer sprayers. These
figures are of some significance as
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of red cell counts by length of service
showed that of the men employed
less than six months 21 per cent. had
counts below 4,000,000 while 19 per
cent. of those spraying over two years
gave counts below that figure.

It would seem strange at first that
the men spraying lead paints on walls
showed higher red counts than did the
others. This is the only group where
the red counts can be congidered as
normal. This is due to the fact that
the lead hazard in this group is not
nearly so great as would be expected.
No lead paints, or very few such,
according to our observations at least,
are used at present in interior decora-
tion, and all their lead spraying was
on exterior walls. This is a seasonal
occupation and never engaged in to
the exclusion of other types of paint-
ing, so that.the general painter spray-
ing lead containing materials is spray-
ing lead for only a few months in the
year and even then not to the exclu-
slon of other work. Owing to their
large percentage of outdoor work these
men were found to be more healthy
generally and more robust than were
the factory sprayers.

The polymorphonuclear counts in
this entire group of undercoat and
paint sprayers sverage about the same
as those of the lacquer group owing to

ant., gave a
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evidence of lead in the group when it 18
congidered that a number of members
of the group do not spray lead.

Of the group, twenty-five, or 15
per cent., gave 4 red blood cell count
below 4,000,000 as against 12 per
cent. of the lacquer group, with a
minimum eount of 2,800,000, Only
six, or 4 per cent., gave a total white
count below 5,625 as against 12 per
cent. of the lacquer group. Analysis

Voi. 10
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the Henzol exposure of Trany—of—the
sprayers and to the lead exposure
of others. Lead carbonate, however,
is not found in lacquers as it is in-
compatible with nitroceflulose. The
lowest counts were in the sprayers of
primers and slush coats, both contain-
ing henzol, and the highest counts in
the oxide and glaze sprayers uging 1o
benzol.

With most of the sprayers of these
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groups basophilic aggregation ' tests
according to the MceCord technic as
first described (20) were made. Dr.

TABLE 20.—STIPPLED CELL COUNTS
FOR LACQUER AND LEAD SPRAY-
ERS, NATIONAT, SAFETY
COUNCIL SURVEY

STIPPLED CELLS
PER MILLION
RED CBLLS

LEAD WORKERS2

= | NomMarg!
[ V]

et
= =] ~y | LACQUER SPRAYERS

<1 #a 1 | LBAD SPRAYERS

[=1

!United States Public Health Service
Groups A and B-113 automobile drivers.

*United States Public Health Service
Group E--61 workers in highly hazardous
lead industry. -

MecCord considered 4 plus or over ag
evidence of leading, if symptoms sug-
gestive of lead were present. In
ninety-eight undercoat sprayers tested,
sixteen, or 16 per cent., gave readings
of 4 plus or higher with nine as high as

10 plus. In twenty-one paint spray-

ers tested, eight, or 38 per cent., were
4 plus or over. In thirty-two Sprayers
of vitreous enamel on castings tested,
seventeen gave a reading of 4 plus or
over with eight up to 10 plus, whereag
in those spraying on sheet metal and
using little or no lead only three out
of nine so tested showed 4 plus or over
and these all had previously sprayed
on castings. There was usually a
rather definite correlation between
lead in the feces and basophilic ag-
gregations in the blood, and even
between lead in materials sprayed and
basophilia.

As a check on this method of showe
ing leading, stippled cell countg by
_the method used by the Tetraethyl
Lead Committee (19} were made on a
consecutive group of fifty Bprayer,
In thirty-one of this group we have
some information as to the lead in the
material sprayed. TFifteen of thegs
were lacquer sprayers working with
material containing little or no leaq
and the remaining sixteen were using:
undercoats or vitreous enamels mostly
richin lead. The results of these tests
appear in Table 20. Only one lac-
quer sprayer showed over fifty stippled

cells per million red cells, whereag Y

few paint sprayers who had shown
basophilia by the McCord method, ag
well as a pumber of vitreous enamel’
sprayers handling material rich in lead.
showed high counts up to a maximum:
of 9,000 per million red cells.

Cases of Lead Poisoning

The National Safety Committe
selected from the survey records st
cages of probable early lead poisonin
among the sprayers in one auto bod
plant, three among structural paint
ers, and five among vitreous ename
sprayers. The findings on which the
based these diagnoses are given in
their report (7, p. 27). A number o
higtories of former lead poisonin
were obtained.

Discussion

The combined surveys considered
in this section show that itisimpossible
to spray any materials containing
appreciable amounts of lead without
at times exceeding the safe limit for
lead in ingpired air for continuous
exposure, : :

With under 1 per cent. of lead in the
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material being sprayed this limit
should usually not be exceaded if
reasonabie care is exercised and reason-
able exhaust ventilation provided.
With amounts mueh in excess of 1
per cent. concentrations much above
she safe Limit will frequently be
encountered, though not always. The
many uncontrollable variables in eom-
mercial spraying make it impossible
always to be sure of safety in this
respect. ’

While good exhaust ventilation will
usually protect the sprayer, the only
safe practice where materials with
wuch over 1 per cent. of lead are likely
to be sprayed is to use an effictent
regpirator or air mask as in the cage
of benzol spraying.

In the automobile and vitreous
epamel industries many - operatives
are ab present being leaded through
tack of these precautions.

CONCLUSIONS

There are so many variable and
uncontrollable conditions met with
in the application of coating materials
containing lead in any form that
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exhaust ventilation as at presens
generally practised cannot always be
depended upon properly to protect the
Eprayer.

Where adequate exhaust ventilation
is npot assured, sprayers of lead
materials should wear protective hoge
masks or respirators as indicated in
the National Safety Council Report.

Adequate ventilation ghould provide
for an air movement past the sprayer
of from 150 to 200 feet per minute
toward the exhaust duet.

Tt would be safest to discontinue
the spraying of any paints or lacquer
coats containing over 1 per cent. of
lead. '

All workers who spray materials
containing lead should be given the
protection of periodic medical ex-
aminations as outlined in the con-
cluding section of this paper.

The findings discussed in this paper
are bagsed on forty-nine air tests for
lead in twenty-five industrial plants,
ete., and on examinations of 253
workers spraying various paints, en-
amels, automobile undercoats, and
vitreous enamels.

VirrEoUs ENAMEL SPRAYING AND S1nIcosls

One of the newer applications of the
spray gun isin the spraying of vitreous

matter. Dr. Alice Hamilton has given
o discussion of the composition of this

considered
simpoggible
consaining
ad without
fe limit for
continuous

“lead in the
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enamels on to metal parts for stoves,
signs, scales, and other metal objects.
The enamel used is a glaze composed of
silicates and pigments and often con-
taining more or less lead salts. The
lead hazards of the use of this material
have already been discussed and this
seetion of the paper will be concerned
only with the possible gilicosls hazard
from the inhalation of the spray eon-
taining very finely divided silicious

Val, 10
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oloss of material (187 and 1t wittrot
be gone into in detail here.

The silica in these glazes is present
mainly as combined gilicates and
partly as free silica buf our work did
not attempt to separate the two. The
total silica was reported as 810, in
the second survey but no analyses were
made for silica in the first. There is
considerable difference of opinion as
to the harmfulness of the silicates,
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gize and gh
of room air

English authorities (21) claiming that and thirty-one readable X-ray

it is only silica itself in the form of an ohtained. :
oxide that does permanent damage to
the lungs. A number of foreign and
American workers do not accept thig Air samples at the booths were t
view and it was felt that a study such with a Palmer air sampler in P
ag rteported here would throw some sylvania but this was not found™
additional light on the matter. very satisfactory. The bulk ‘of
The use of the spray gun for this carrying case was an inconveni
work is very new and many of the as it was apt to interfere with
operatives seen had been spraying for worker and it also acted-as ab
only & short time. Workers who had  disturbing the air currents. I
been gpraying less than one year were gecond survey an impinger app Steel stampi
generally not included in the studies was assembled which was found:
ag it was felt that it would be a waste much more satisfactory from
of effort to have them X-rayed. Of standpoints of both convenie
seventy-six sprayers interviewed in efficiency. In comparing the
Pennsylvania twenty-two had sprayed from plants appearing identicall
for three years or more but only three o the eye from the two gurveys i Castings; st
had sprayed for over five years. Of felt that it would be neces '
sixty-one sprayers interviewed in the multiply the Pennsylvania resy
second study sixteen had sprayed for 4 to be able to compare, condit
thiree years or more but only seven with those found in the second :
for five years or more. Table 21 gives a summary
' : o dust counts obtained in the fir
Scorr OF STUDILS listed by material sprayed and'by
In the first study twenty plants were  velocity but not by plant. 'E
visited and studies made in sixteen some difference in .practice: i
of them. In most instances blood spraying of steel stampings-:
examinations were not made but castings. In the former cas
histories were taken and physical - glaze has little or no lead as a rule
examinations made, and in so far as almost no so-called soluble lead b
possible X-rays obtained of the lungs contains a higher percentage of Sti
of gl who had been spraying this andis sprayed at a higher air p Castings;
material for ome year or more. No and in a heavier cloud. The feet fror
portable outfit for this work was for castings almost always con
availoble and it was necessary to lead buf analyses show that it ¢ pla,ce‘ the
depend on the aid of local hospitals. about half as much silica as does favorabl
This was not always available and the for steel stampings. regentats
negatives received were not always Air velocities did not always where i
readable but fitby-two readable nega- correlation with dust counts ev order s
tives were obtained. the same plant owing to the & placed i
In the second study sixty-one spray- present uncontrollable variables, sU! air of ¢l
ers of vitreous enamels were examined as size and shape of object sp ‘

A1r CoONDITIONS - - "TABI
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TABLE 21.—PALMER COUNTS IN VITREOUS ENAMEL PLANTS,
PENNSYLVANIA SURVEY

PALMER

SCT
OBJECT SPRAYED COTUNT REMALRXES

e ——

y-unit port./
et FE.
Steel starnpings;-standing...ooooveoeeen §0,000,000{ No ecount in group
5,300,000] under 5,000,000.

192,000,000

Steel stampings; flabo. oo 865,000| 4 counts in group under
170,000 1,000,000,

1,530,000

266,000

2,160,000

833,000

53,400,000
4,711,000
4,000,000

980,000
5,700,000
42,000,00C

70,000,000

1,680,000
80,000] Velocities over 115 1%,
400,000/ per min. gave sounts
800,000] under 1,000, 000.
7,000 Velocities aver 210 ft.

Cagtings; 5t07ve PATES. .o vverremameeee

223,000 per min. gave counts
under 250,000,
Castings; sanitary lronware 76,800,000
577,000
108,000

Castings: no exhaust ventilailon; test 6

7 AT Pressure

The glaze
ays contains
at it containg
. as does that

always show
;unts even 1o
.0 the always
ariables, sueh
ject sprayed,

1L.ILH
June, 1028

feet FrOM SPTATET..ccr e e !

aver 4,000,000 quarter-unit particles
(with & maximum diameter of 10
mierons) per cubic foot. The samples
collected showed remarkable tniforms-
ity in size distribution of dust particles,
practically ail of them falling between
0.5 and 10 microns in diameter and

place the sampling device in the most
favorable position to obtain a Tep-
resentative sample. In one plant
where the exhaust system was out of
order small portable electric fans were
placed inside the booths. Here the
air of the entire room was flled with

Yol 10
Xo. 6
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s0 within the danger zohe. These
findings agree closely with those of
Watkins-Pitchford and Moir (22) and
of Smyth and Tszard (23).
~ One plant making large sanitary
ironware was spraying a slush coat
on the tubs before enameling and a
silicious paint on the bottoms of
enameled tubs. Here there was a
distinet inverse correlation between
air flow and suspended particles at
different spray booths. With an al-
- most imperceptible air velocity there
was & count of over 76,000,000, with a
velocity of 16 feet per minute a count
of over 500,000, and with a velocity of
49 feet a count of 108,000.  These
-counts are distinetly lower than any
vitreous enamel counts af correspond-
ing speeds.
With the spraying of stove castings
there is considerable irregularity as
to counts but these tests fall clearly
into two groups. No tests with
velocity under 100 feet per minute
gave less than 960,000 quarter-unit
particles per cubic foot and all but one
gave 4,000,000 or over. With veloci-
ties between 116 and 210 feet counts
were between 80,000 and $00,000 and
with velocities over 210 feet, neither
count reached 250,000. '
. With the spraying of stampings

which afford larger flat surfaces to
reflect the spray back toward the
operator the counts ran higher for
high velocities, but where the pieces
being coated were laid flat or nearly so
and were sprayed on a turntable ne
eounts ran as high as 2,250,000,
When the pieces were upright or only
slightly slanting the lowest of three
tests gave over 5,000,000 guarter-unit
particles per cubic foot. These tests
indicate that even with large flat

surfaces, if properly placed in t
booth, it ig perfectly possible to spr
s0 as to expose the sprayer to;
minimum cloud of enamel averagi
under 1,000,000 quarter-unit partic]
per cubic foot by Palmer test, and if ; a,
velocities are maintained over jf
feet per minute this should always
possible. With velocities over 9
feet this should be even essier to ob
and such velocities are by no mess

ique. Twelve of the twenty:
testy gave velocities over 100 feet, an,
three over 200 feet.

water but the atomization is so eo
plete that by the time they reach
object being coated they are a,hn
dry and the booth air is full of ‘¢
particles. For purposes of estimat
health hazard the material ma
considered as a dust.

Table 22 gives the results of the
tests in the second study in somewh
more detail. In this study analyses
samples for total silica as well ag for
lead were made by the method

scribed in the National Safety Coungi

Repori: (7), and the figures appea
the table. Air velocities ranged fro
imperceptible in one plant, whis
however was about to ingtall a
system, to a maximum of 257 feet. y
minute, with fourteen out of thirt
three tests over 100 feet and three
200. Counts of suspended particl
collected by the impinger ran
from 310 ,000 per cubic foot in
plant, and an average of three test
this plant of 397,000 and at an averag

air veloeity of 212 feet, to 1,800,000,00

in another where there was an aver
of 445,000,000 for six tests and 'hl
measurable air flow. Only one .

TABLE 22

IMPINGER

Y-unit pari
24,00
27,0
13,0(
23,00
25,00

9,0(

4,2

1,800,0(
350,00
170,0C
100,
140,00
110,0¢

be
31
3

30,00

- 34,00
27,00
2,2
2,0(

T
1,2
1,1
1,60
1,5

1t Autome
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PLANTS, NATIONAL

e s & P 2 2 e
E E o b g a :Ex: s
3 @ = 13 | EE 1 F 1328
= o w. Y | = @ g
m ] 73 =} oy = =1 w o
= ) g g 5l = 28 |8
IMPINGER COUNT " =) H ° E m g 28|35
2 2 S |8z | 8o | 8 {9, 82182
g @ =i es | %z & E8| LEi58
o & g 5 °3 1 g 5 g - <IN -
st E M E P e g P = “m o BA 4 g
52 15| B |88|5E| ;|55 3% g4
- - - @ =< & = ] 2]
toundl port.fou. ft. | fi./min. Ibs. |sq.in. % Ibs % % %
24,000,000 36 85 200 g 95 1,000 2.8 0.7 42,8
27,000,000 36 85 200 8 a5 1,000 2.8 0.7 42.8
13,000,000 30 85 12 g 50 5000 2.81 0.7 |42.8
23,000,000 130 85 50 ¢ 50 500 26.0 ) 0.4]21.2
25,000,000 130 85 50 | e 50 5000 26.0 | 0.4|21.2
9,000,000 142 85 | 200 | s 05 1,000 2.8 0.7]|42.8
4,900,000 137 100 10 v 30 200| 23.0 | 20.0{ 25.8
5,600,000 111 100 50 ¢ 45 200 23.01 20.0 | 25.8
20,000,000 240 100 180 3 80 400 0.0} 0.0 44.8
19,000,000 120 100 100 38 50 4000 0.0 0.0} 44.8
11,000,000 120 100 60 ] 50 4000 0.0 0.0} 448
6,600,000 93 100 180 R 80 400 0.0} 0.0 448
3,70G,000 98 100 180 3 60 400 0.9 0.0, 44.8
4,200,000 74 100 144 8 50 400 0.0| 0.0 44.8
1,800,000,000 negligible 100 300 3 80 500 0.0 0.047.1
350,000,000 “ 100 300 8 80 500 0.01 0.0 47.1
170,000,000 “ 100 300 g 80 500, 0.01 0.0 47.1
100,000,000 C 100 300 ] 80 500l 0.0 0.0 47.1
140,000,000 “ 100 300 3 80 500/ 0.0 0.0 47.1
110,000,000 “ 100 300 8 20 500 0.0 0.0 471
540,000 257 65 100 [ 90 400, 3.81 3.8}37.2
310,000 213 65 200 v 90 400 3.8 3.8|37.2
340,000 166 65 100 ¢ 90 400, 3.3 3.8|37.2
30,000,000 100 360 s 80 300 0.0 0.0 426
34,000,000 100 | 300 8 70 3000 007 0.0142.6
27,000,000 100 300 8 80 %00 0.01 0.0 42.6
2,200,000 100 400 ¢ 60 200! 13.0 1 11.0 | 24.0
2,000,000 100 400 ¢ 60 200! 13.0 | 11.0 | 24.0
740,000 - 97 100 300 ¢ 60 4004 ...
1,200,000 109 100 360 ¢ 60 400( ....
1,100,000 128 100 50 ] 40 2000 ....
1,600,000 128 100 50 ¢ 40 200) ....
1,500,000 100 100 ¢ 60 400
1 Automatie booth.
Vol 19
No, §
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stance of high count with high air
velocity was noted with 20,600,000
quarter-unit particles and an air
flow of 240 feet. Large stampings
were being sprayed. In this plant
six tests with stampings being sprayed
averaged 10,750,000 particles and two
with castings only 5,250,000.

M=nigar, ExaMINATIONS

Histories

A study of the medieal histories of
the seventy-six vitreous enamel spray-
ers interviewed in Pennsylvania
showed 9 per cent. with a history of
loss of weight, the highest percentage
for this complaint in any of the spray
groups. Ten per cent. gave g history
of digestive disturbances—not an es-
pecially high figure. Fourteen per
cent. complained of constipation, 10
per cent. of headaches, also a low
figure. Over 15 per cent. complained
of more or less dizziness and 17 per
cent. of shortness of breath, the high-
est percentage of any except the
small group of substitute shellac and
stain sprayers. :

There were seventeen women or
young girls in the group and seven of
these gave a history of dysmenorrhea,
as. against six out of eighteen women
sprayers in the other groups—pos-
sibly not a significant increase. Of
the urine samples twenty-seven, or
35 per cent., showed some albuminuria
and nine, or 11 per cent., showed casts.
These figures are the highest for renal
findings in any group and are possibly
due to the lead exposure.

In a study of symptom complaints
of the sixty-one sprayers of vitreous
enamels in the second survey there is a
high incidence of most complaints in

the sheet metal sprayers possibly

owing to the preponderance of fernaleg
in this group. In both sheet meta]
and casting sprayers dyspnes is foung
more often than in any other groups

of sprayers, 17 per cent. among casting *

sprayers and 27 per cent. among sheet
metal sprayers. Dizziness is also g
common complaint in both groups, 31
per cent. in the former and 27 per
cent. in the latter. Other symptomsg
have been discussed in the section on
lead hazards.

X-Eay Findings

The most important studies in both
groups were considered to be the X-ray
studies of the lungs. In Pennsylvania
various local hospitals were depended
upon to make these examinations and
they were often not made until some
time after the survey visit. For one

reagson or another a number of the.

workers failed to go to the hospitals

for this examination, most of the

female sprayers being in this class,
Some of the roentgenologists taking
the films furnished their own diagnoses
of the negatives but not =l did so.
All negatives collected in both studies
were submitted to Dr. H. K. Pancoast
of the University of Pennsylvania
for final diagnosis. The findings of
the two studies are summarized and
analyzed in Tables 23 and 24.

In the entire group of fifty-two
readable negatives from Pennsylvania
and thirty-one from the second study
there were found ten, or almost 12
per cent., showing definite silicosis
although in four of these there may
have been other contributing factors.
In addition to these cases of positive
silicosis there were fourteen, or about
17 per cent., reported by Dr. Pancoast

LLH
June, 1928
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ag suspicious, with evidence of increase
i hilum and peribronchial shadows,

pABLE 23.—SUMMARY OF X-RAY
DIAGNOSES FOR BOTH SURVEYS

PA. N.B.C,
SUR~ | SUR- ;| TOTAL

DIAGNOSIS VEY | VEY

SEIRES
Negative 54! 24 78| 511 62
Suspicious 251 1 31 14] 17
Tuberculous foei al 9 6 7
Pleurisy o o 13 1
Bilicosis 3 9 10} 12

T N N PN -

1 Age was a possible Tactor in 2 cases;
previous occupation, in 2 others.

and a recommendation. for subsequent
examination at a later date. In addi-
tion to these there were a number of
cagses teported with increased hilum
and peribronehial shadows extending
into one or more lobes and diagnosed
ag suspicious or positive by the loeal
roentgenologists taking the negatives.
In most of these cases Dr. Pancoast
also stated that there was enough

suspicion of harm to make a Te-

examination at a later date advisable

and to recommend the exclusion from
the joh of all those with evidence of

We found no positive si]icosié with

operatives spraying one year or under,

TABLE 24 —X-RAY DIAGNOSES TOR
BOTH SURVEYS ACCORDING TO
LENGTH OF SERVICE AND
OBJECT SPRAYED

SPRAYING
OoN

LENGTH
or
SERVICE

DIAGNOSIS

Sheet Metal
Castings

yrs.

1 or less negative

) negative

- guspieious
tuberculous foci
pleurisy
gilicosis
negative
suspicious
tuberculous foci
silicosis '
negative
gilicosis
negative
sugpieious
silicosis
negative
suspicious

O kD
2

......

WNDWMOOHNO}@OOWHDM

OOI—‘HHMWNHMO@H

|

-]

=R R

negative -
suspicious
tuberculous foel
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silicosis
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tuberculosis. Six of the negatives
showed tuberculous foei of recent or

fairly recent origin.

Analysis of the findings (Table 24)
shows a distinet difference between
the sprayers on castings and those on
sheet metal, where the silicosis ex-
posure is decidedly greater. Of the
ten definite positives, one was spray-
ing on small castings and nine on
sheet metal or other material where no

lead is used. -

Vol. 10
No. 8

1 One worker from whom 2 readable nega-
sive waes obtained is omitted as he had
been exposed for only ¥wo months.

three cases among twenty-five opera-
tives spraying between one and two
years, four cases among thirty-one
spraying from two to four years, two
cases among fve spraying four to five
years, and one case and two sus-
picious among those gpraying over
five years. One girl spraying nine
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years showed a well-marked positive
second-stage silicosis. South African
workers (24) state that it takes about
ten and a quarter years to develop sili-
cosis in miners on the Rand where the
silica content of the dust is decidedly
higher than is that of these enamels, so0
it is felt that, in spite of the small num-
ber of sprayers examined in these two
studies and of the short average work-
ing time of the group, these results
give evidence of a definite silicosis
menace in the industry. Of the three
posifive cases found In the second
study one wag in the plant with
the highest dust counts, averaging
445,000,000 particles per cubic foof,
another in the next dustiest plant with
counts averaging over 30,000,000 at
booths handling stampings, and the
third at 2 plant where present counts
averaged over 1,225000 with some
comparatively new equipment. He
had been spraying three and one-half
years at this plant and had probably
worked under decidedly worse condi-
tions than at present.

In the two studies twelve fermales
were X-rayed and three were found
positive or suspicious for silicosis and
one, tuberculous. Thirty-cight fe-
males were interviewed in the two
studies and of this group fifteen were
under 20 years of age, eleven under
19, and two were 16 years old. This iy
a very young group for such a dusty
indugstry.

DiscussioN

It appears from these studies that
the spraying of vitreous enamels
involves o distinet silicosis hazard in
spite of the fact that the silica content
in the material sprayed does not

average as much as 50 per cent. T
silicosis hazard predominates whe
sheet metal Is sprayed and the les
hazard where castings are spraye

Air velocities well over 100 feet per:

minute reduce the dust cloud m
terially and those over 200 feet
recommended by the National Safet
Council Committee produce very satis
factory conditions,

The recommendation of the N
tional Safety Council Committee the;
glazes be carefully balanced so

to comtain no free silica will help

conditions but may not remove th
hazard, as these findings indieate tha;

- with a presumable preponderance o

silicates these glazes are capable o
produeing fibrosis.

CoONCLUSIONS

In addition to the lead hazar
connected with the spraying of vitr
ous enamels on to castings, as pointe
out in the previous section, there Is.
definite silicosis hazard from the spray-
ing of all sueh materials, especiall
that-used for coating sheet metal.

. The silicosis hazard can usually b
controlled or minimized by adequaf
exhaugt ventilation of from 150 to 200
feet per minute past the sprayer
toward- the exhaust ducts.

If silicious materials are sprayed
without exhaust ventilation the oper:
ators should always be protected by
hose masks or respirators as indicated
for other types of spraying.

These conclusions are based on the
findings of fifty-nine tests for sus=

enameling plants and on X-ray ex-
aminations of eighty-four sprayers Of
silicious materials out of 137 examlned_,

1.1 Ko
June, 19@
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PeriopIc MEDICAL EXAMINATIONS FOR ATl SPRAYERS

Wherever workers are employed
within buildings, booths, or other
indoor or enclosed spaces, In spray
coating with materials containing ben-
401 or lead in the form of paints or
lacquers, or silicious material in vitre
ous enamel or similar coatings, whether
with or without exhaust ventilation
or the use of respirators or magks,
provision should be made for system-
atic routine medical examination for
the detection of early symptoms of
absorption of poison or of silicosis.

The following program has been
suggested for this purpose by the
National Safety Council Spray Coat-
ing Commitiee.

Tt is recommended that such opera-
tives be given a physical examination
previous to or within one month of
employment, in order to determine
whether they have any physical defects
which might be made worse by their
employment and in order to obtain a
record of their physical condition for
comparison with suceeeding examina-
tions.

Persons spraying compounds con-
taining Jead or benzol should be re-
examined at least once every six
months,! including the making of

and—yed blood - cell counts

i
Woloe—adit

No person should perform the work
of an interior spray painting operator
with paints containing lead or benzol
if the results of an examination of his
blood show any evidence of a dis-
turbance that would be aggravated
by exposure to lead or benzol, or if
there is any evidence of lead or benzol
absorption as indicated by the follow-
ing findings*

1. The presence of over twenty
stippled cells per 100,000 red cells,

2. A distinct evidence of anemia as
shown by hemoglobin under 70 per
cent., or red cells under 4,000,000
per cubic millimeter for men and
3,300,000 for women.

3. A total white cell count under
5,600 per eubic millimeter, or a total
polymorphonuclear count under 4,000.
When a second or succeeding differ-
ential count is more than 5 per cent.
lower in polymorphonuclears than the
preceding one, the worker may con-
tinue his work for a period of no longer
than three months, if he seems to be in
good phbysical condition otherwise.
1f at the end of that period a recount
shows the eondition to be progressive,
he should not be permitied to eontinue
spraying regardless of his physieal
condition. :

lation the oper-
he protected by
tors as indicated
ying.
e based on the
tests for sus-
twenty vitreous
d on Xrray ex-
four sprayers of
f 137 examined.

J.1.H.
June, 1928

differential white counts, hemoglobin
determinations, and stippled cell
counts.

Persons spraying silicious materials
should be examined and their chests
X-rayed at least once every two years.

. 'These intervals are twice those suggested
in the National Safety Council Report, but
it ig felt that the findings of the surveys do
not justify shortening them. Otherwise the
recommendations are the same as in that
Report.

Vol, 10
No. ¢

4. No persen should spray vitreous
enamel or other silicious material if an
X-ray examination of his or her chest
shows the presence of fibrosis or active
tuberculosis. Any evidence of de-
veloping fibrosis at subsequent ex-
aminations should call for a change of
occupation, as should also any evi-
dence of progressive lead absorption
as indieated by an increase in stippled
red blood cells.
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