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established in the majority of states, and these bureaus
have initiated programs to study industrial conditions
and to formulate rules, regulations, and methods
to eliminate occupational disease hazards. Industry
should welcome the assistance that these bureaus af-

ford, because prevention of occupational diseases js of
primary interest to emplovees and <aves emplovers
the cost of compensation. ’

Muttikiv, STocksRIDGP, AvD Wavrers
BaLtimore, Marvtano

HEALTH OF BRICK AND TILE PLANT WORKERS IN NORTH CAROLINA*

By M. F. Tricet

ABSTRACT

Data are revicwed which were obtained inan investigation of the North Carolina brick
and tile industry to evaluate the siliceous dust exposurc of the workers in terins of hazards
to health.  The distribution of the forty-cight plants is classificd accorching to the raw

ntaterial used, that is, alluvial clay or shale.

The extent of the dust exposure of the

workers by occupational classification is appraiserd in terms of tmillions of particles of
dust per cu ft. of air, based on particle-count analyses of 1N samples of air-borne dust

collected in twenty-cight plants

An cvaluation of the health status of the workers s

hased on edical data obtained in the clinical and X ray (\annnation of 1353 cmployces

in plants, most of which were the samce as those in which dust samples wore ohtained

The wnvestigation disdlosed that none of the unpluyees had stheosts, a fuct which

apparcatly is explaned by a low quarts content of the atmospheric dust, an hwence of

wveessive eancentrations of dist, and a high tahor turnover

I. Introduction

A potential azard to health exists whenever work-
men are exposerd to dust that contains quartz, tlint, or
shor fores of uncombined sihea, as such particulate
utatter s definitely tonie. *) The role of cominned silica,
or silicates as causes of pulmonary  discases, how-
ever, canuot he so categorically assessed.  Authorntics
datfer with respect to the toxicity of silicates altheugh
mest of them no doabt would agree “that the presence
of ather morganic dusts in the silica-containing atmos-
phere may tend to fnfluence the rate of progressive re-
action ., L (tn) inhialed <ilica.” '™ Although there
is sumie question as to the offeet of silicates in general.
several of them, notably ashestos,? steatite (tale?),

° Presented at the Forty-Second Annual Meeting, The
Amencan Cerannc Society, Toronto, Canada, Aptil 8
1930 (General Session on Tonicology).  Received April 8,
1140

t Industrial Hygicuist, Div, of Industrial Hygienc,
N. C. State Board of Health and N. C. Industrial Commis-
sion, Raleigh, N. C.

'{a) R. R. Sayers and R. R. Jones, “Silicosis and Simi-
lur Dust Diseases,” U. S. Pub. Health Repis., 3 {33)
1453-72(1938); p. 145Q; Ceram. Abs., 18 {1]40(1939).

(6) L. U. Gardner, "Inhaled Silica and Its Effect on
Norma! and Tuberculous Lungs,” Jour. Amer. Med.
Assn., 103 [9) 74348 (1934).

?W. C. Dreesen, J. M. Dalla Valle,. T. I. Edwards,
J. W. Miller, R. R, Sayers, H. F. Easom, and M. F. Trice,
“Study of Asbestosis in the Asbestos Textile Industry,”
U. b) Pub. Health Bull, No. 241 (Washington, D. C.,
1938).

3W. C. Dreesen and J. M. Dalla Valle, “Effects of
Exposure to Dust in Two Georgia Talc Mills and Mines,”
U. S.G.ggublic Health Repts., 50, 13143 (1935); Reprint
No. 1669.

and mica* are capable of producing a serious aud some
times disubling pathology  Any sihicate dust therejore
should be rcgarded us a probable menace to health
until such time us it can be proved innocuous in the
voncentrations that are encountered in routine,

Becuuse the raw muatenal from which brick and tide
are made is silicenus in character, an investigation of
the North Caroling industry has been made to evaluate
tie dust exposure of the workers 1n terms of hazards
to health, particularly with respect to silicosis Moot
of the medical and engrcering data were cnllected over
a twelve-month period, beginning in the summer ui
1938.

I, Evaluation of Working Environment

I a study of this character, it is desirable to appraise,
in terms of an average dust concentrution. the exposute
of the workers in each occupational classification, as
such values permit a comparison of occupations with
respect to the extent uf the dust hazard and are useful
in correlating medical und engineering data. The
Greenburg-Swith impinger® wus used to the collect 183
samples of atmospheric dust for particle counts in
twenty-eight plants. These dust samples were col--
lected during cach of the four seasons under a variety
of weather conditions and so distributed as to yield 2

‘*W. C. Dreesen, J. M Dalla Valle, T. 1. Edwards.
R. R. Sayers, H. F. Easom, and M. F. Trice, **Pneumo
coniosis Among Mica and Pegmatite Workers,” U. S. Pxb.
Health Bull., No. 250 (Washington, D. C., 1940). .

§ Leonard Greenburg and J. J. Bloomfeld, " Impinger
Dust Sampling Apparatus as Used by U. S. Public Health
Service,” U. S. Pub. Health Repts., 47, 654-75 (1932):
Reprint No. 1528.
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representative evaluation of the atmospheric dust con-
ditions in the industry. The importance of an occu-

ation, insofar as it concerns the distribution of dust
samples, was based on the number of men involved and
the apparent dustiness of the job. A proportionately

eater number of samples was thus collected to evalu-
ate the exposure of a screen attendant than that of a
hacker because the screen attendants in most plants are
exposed to much more dust than the hackers.

(1) Dust Exposure by Occupational Classification

Inasmuch as the manufacture of brick at some plants
is performed under virtually outdoor conditions, all
dust counts were classified according to the type of
building in which they were collected, that is, “"closed™
or “open.” Average values were computed, after this
segregation, far cach occupation for Loth types of
puildings. Whenever the two results ohtained checked
closely, they were combined, and the one value was em-
ployed for the occupation both types of plants
One dust-exposure value thus serves for all huckers
The dust counts for open- and closed-type plants were
further classificd according Lo ruw material cmployed
As the values obtaned for both the clay and the shale
plants were alniost identical, the results were dise
carded. The caleulated wverage dust exposures of the
workers by occupatinal clissthcatin {4 spressed

millions of particles of dust per cu ft of air) are shown
in Table I.

(2) Character of Dust

Because frce silica or quartz is a toxic mineral insofar
as pulmonary pathology is concerned, it is desirable to
know the amount contained in the atmospheric dust to
which the werkmen are exposed.  Samples for petro-
graphic analysis accordingly wcre obtained directly
from the atmosphere with an clectrically driven, hand
vacuum cleaner suspended at the breathing level and
operated intermittently for a period of several days,
Inasmuch as only one sucl sampling device was avail-
able (and it was out of commission for a while), several
samples of settied dust were collected from structural
mcmbers.  Four samples of atmospheric dust and three
samples of scttled dust were exanuned petrographically
for quartz content, the results of whichare presented in
Table [T Notwo of these samples were eolleeted m the
~ang plant. Although both of the dlav samples contian
more quarly than the shade sanaples, thes represent
switlod dust, which may account for thar hher quartz
content  An anadvses of samplos by partide size trae
tens v frequontty made o dutermine the quarty con-
tent of the resprrable sizes The bock plant dasts,
Nowarer ware nol sooduehicionsiv aoadoset Wt

Tapre l
Avikact Dosr Exrostre uof WORKEKRS By (CCrFATION L CrLassicaros

Nou <amplcs

consmdered
Hoistman (inclosed and preparation machiery ) 11
. {open . . . , 1
Clay storage bin 4
* o ginclosedd 1
Crusher (rolls and disintegrator attendant,
root boy)
Inclosed (nu Lats) 4
. {bats) ¢
Opea (no bats) - M
*  (bats) .
Screen attendant, inclosed 11
- * closed, full bin 2
" . open 2
Dry pan operator, closed (atenial dry? 3°
oo - N G damp) 3
" ‘“ " <alvage 2
oo v opun 2
Pug-mill opcrator
10

Preparation-machincry capusure

Isolated from preparation tnachinery 3
Brick machine - 3
Open mill discharge 2
Hackers 23
Transfer, upper 3
o lower . 3
o * (car rackers) 2
K.du workers, downdraft 41
» *  updraft 5
Kila cleaning 5
P:?e manufacturing, pipe feeder (isolated) 1
. . pressinan 3

. - special shapes 1
Pipe drying floor 1
leanup man 4

* Weighed average. t Cleaning kiln eyes.
Notg: “Inclosed snd preparation machinery” meansa ¢

created by this machinery. Dried or fired bats when ground produce much dust. “'no bats” and “bats”

spectively, the absence or involvement of such material.
(1941)
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Virginia authorities* report that the finer fractions of
air-borne dust in brick and tile plants contain less
quartz than the raw materials from which the dust
originates. They estimate that the quartz content of
air-borne dusts varies from 3 to 10G5,.

TasLe 11

Quaxrz CONTENT OFP SAMPLES OF ATMOSPHERIC AND
SeTTLED DUsT OBTAINED IN N. C, BRICK AND TILE PLANTS

ldcatibcation Quartz cooteat (%)

Scttled dust (clay) 25

Atmospheric dust (sl 1) lg
.. o o 1

" “ " 15

. " . 15

Scttled du<t (clay and shale) 13

o o Aelay) 20

Greaves Walker and s co-workas? report that
quartz is abundant in all samples of clayv and <halc
depousits of North Caroliua.

. . Cumulative Dust Exposure of Workers

Tnun evaluation of an e ceupational discase hazard.
the medicul data are usdly conelated with the total
dust experure of the workers as wdl as with ther tatal
lengths of service e the wmeist of dust toowlnels the
mict are expeosed vanes with tine oconpation, the total
dust expeatres of the workmen are of more value than
thein Jengths of servicc in yoars Sone jols O\ janst the
men o hittle dust. others o apprediable unounts of
dust, as shownin Table Lo Ganpard workien on the
basis of thar tetal dust (vposure, o nnlhion-partucle
vear dust andan® is used windh s ohtaind by anulhr
plving the average yearly dust exposure of . [PANTIIVE
ton by the totad number of years spent theremm A man
«xpesed o an average of ten million articks of dust
ir e St of dir intan vears would therefore hunld upu
cumulative exposure of 100 nullon particle vears of
dust.  When more than one oceupnition is involved, the
cumulative exposure for cucli is culeulated and a total
exposure computed by adding togeihier the individuul
wcupational exprosures.

A distribution of the workers according to arbitrurily
sclected  cumulative dust-exposure  clussifications s
presented in Table TH,

Virtuully 807 of the ruutine workers have sccumu-
lated less thun 150 million particle years of dust, which
is not an excessive exposure. This conclusion may be
examined on the hasis of the frec silica (ur quartz) con-
tent of the dust. It is gencrally accepted that five mil-
lion purticles of quartz {of respirable size) per cu. ft.
of air is the maximum concentration that may be toles-

¢ “Preliminary Report of Study in Brick and Tile Indus-
try in W. Va.* Burcau of Industrial Hygicoe, W. Va
State Health Dept., Charleston, W. Va., 1939.

_TA.F. Greaves-Walker, N. H. Stolte, and W. L. Fabia-
nic, “Occurrence, Propertics, and Uses of Commercial
Clays and Shales of N. C..” N. C. State Coll. Agr. & Eng
Expt. Sta. Bull, No. 6, 74 pp. (1934); Ceram. Abs., 15
[3] 105 (1936).

'J. M. Dalla Valle, “Sigaificance of Dust Counts,”
{1. Séo};téb. Health Repts., 54, 1095-1104 (1939); Reprint
No. .

ated with safety. The brick plant workers are C\prred
to dusts, the quartz (or free silica) content of wlich
varies from 10 to 259} (Table 11). 1f the m.axinium
concentration of 2597 of free silica is emploved for illys.
tration, then a concentration of twenty million pary;.
cles of such dust per cu. ft. of air would contain Live
million particles of quartz, which is the maximurn
amount that may be toleruted with safety.  Assumng
that forty vears constitute a normal lifetime, a [erson
could theoretically build up a cumnulative exjnrure of
800 million particle vears of such dust without incur.
ring a serivus risk to health.  Thus 300 million particle
years become a kind of vardstick by which the cumy.
lative dust expnsures of the workers nmay be ganged.
Only tweaty routine workers (sce Tuble T huve bt
up ua cumulative exposure of more tia 300 million fuare
ticle vears of dust, whiclt is only u Little more tha e
hall of the SO0 million-particle-year yardstick at which
some cvidence of dust patholngy niight I Uetud
This hypothetical “threshold™ Bmit is buwed on te
dust saniple with the prsinnnn quarty contonut, wlngd
is undonbtedly much bizlier than that of the AVPage
dtmsphicric dusts to which tie workors wie ovgumed

Thus, fustead of the totad “tireshold” dust CXualire
heing S8 nnllion particle years of dust, 1t is probabh
atleastdouble that figure, as the uartz contont of the
air borue dust sompies (Fable 1) ancrases ondy 1257

or vne hulf of the fivure usid. One worker onfy Luas fanly
up o cunmulative expesure of more than 1600 nollu
partide vears. The length of expenttre, i voars of U
anplevees revaals that alimest one alf of the rontne
workars examined have Iwan i thic midustry o than
Lo vears, e so long o prriod of service, heweover
their cumulative dust enjrostires ure onlv oo i o
the thearctical “threshold” computed as . vardsiek
by which ta axamme the total dnst Cxpreostre of i
workmen,  These assumptions  saud compntation.,
therefore, indicate that the aliceons dust Do i s o
acute in the North Carobia ok and Gl o or,

IV. Medical Examinations

- Medical examinations, including an Xeray il of
the chest, were given to 1335 cmplovees and prospac-
tive employees in twenty-cight plants, which wore not
identical in every instunce with these 1w which dust
samples were collected.  “The clinical and Xeray aazn-
inations were made on the premises of the respective
companies in the cruising X-ray trailer of the North
Carolina Division of Industrial Hygiene.! The medical
examination given to the workers was thorough, -
pecial emphasis being placed on the heart and lung~
Blood specimens for the Wassermann and Kline tests
for syphilis were obtained from a large number of the
persons examined. A complete medical and occuju-
tional history was also obtained in every instance.'®

' C. R. Matheson and M. F. Trice, “North Carolina’s
Mobile X-Ray Laboratory,” Jour. Ind. Med., 7, 327-30
(1938).

¥ M. F. Trice, “Pre-Employment Examinations and
Related Activities of N. C. Div. of Industrial Hygiene,’

9=y

bid., 9, 188-93 (April, 1940); Ceram. Abs., 19 [11] 272
(1940)
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DiSTRIBUTION OF WORKMEN BY ARBITRARY Tor

TasLe II1

at. DUsT-ExPOSURE CLASSIFICATIONS

Pre eoiployment Routive « 4
Lowt ejecte
Tol(ntlne;p;?;\:u QJ:I":)!cu (No.} (%) (No.) (%) (.\‘leoc)
Negative 374 301 60.7 71 6.7 2
Less than 25 356 166 3.5 189 17.9 1
25- 50 236 23 4.6 213 20.2
50-100 229 3 10 224 21.3
100-150 140 140 13.3
150-200 85 83 7.4 2
200-300 79 77 7.4 2
300400 22 21 2.1 1
400-500 13 13 1.4
500 and over 2 1 oz o2 20
TotAL 1555 49¢ 100 O 1051 100.0

* Million particle ycars.

Tastt IV

PERCENTAGE OF DBRICK anp TitC

HavING TUBERCULOSIS CONTACTS,

WORKECRS ExamiNty
1’A>T RLSPIRATORN 1L~

~ESSES, AND Otnrr Mepical FINUINGS IN Eacn Grour

SrcCIFn u

F'a~t medacal finding

AMon aaminad ()

Pro-

auployment Kontie

[he exannnation of the workers o brick and ik
phants was evpected Lo revead tie ovstence of pulino-
nary pathed gy that could Be attribited 2o thombabation
of dust When the eomyplore absae of such pathotos
was sopeertedl 1t was decrdud toanadvze ol iy
cal datccarciulls te determine whothir soomc et el
dust bt gl e rovealod B Tiedher [TIIRTTREN

gﬁ"\“)’ hlSlOfy‘g( lu:)‘-'“"l“N* :‘: L o the trere conmmonplace tosparatons disenders A
Plxcpu?'::‘;c to tubcereulosis o ; l‘ l‘ dat s thore tore were endod onpuandde cards aid anady zod
Hemoptysis (bload-streahud spu- o Tntcreational Busioss NLachmos talating vy
Plunl) . :"{ oy et Ve mere imgeatant rosadts of tis anmalvos,
ncumoita I g9 2 . P - I
Iafluenza 20 < Y caeept the ot findings, are e entad i Table TV
Colds (few reported) ]7T 5 IRl Ihire 1e e geprecible diffacnce i the menlence of 1
golds (more in recont years) 2n ,3 1 varions sendimzs o Ui pre auployment amed renton

ther respiratory distases 20 4 20 , - S FOTTIN . R
Clubbed or bowed extr mitis <0 0 workurs, |.uln|«.|lm; that l\[lu sure to bk |lln t
Diaphragm (normal) Y2 0 Q0.0 s prodieal nodemonstrable dlect on the health of
Diaphragm (angles shallow) 44 o2 the workors Diasimngas all pre cinployimont and rew-
Childhood tuburculosis 67 ) : :

! ; Ui worhars alihe are from the same coopon fondd,
Childhood and adult tubcrculosis 02 n 2 he ) i - |
Pulmonary tubcreuloss (activity the forma sorve as @ satisfactory control group wath

1o 10 which to contpane the Letter, The gronp of mon

(?) or urrested)

NUNBER AND

Tanty, V

PERCENTALL OF PRC-LMPLOYMENT AND RoOUTINL WorKEks, CrLasstrip ny Racr,
POSITIVELY TO WASSLRMANN AND KI8T [ 1515 FOR Syrus

RiacTiseg

Pre employment Koutin
White Calorusl \‘\'-I-_m— - i (_'ulur:i
(No) (%) (No) ) (No ) (€5) {(Nuv) (%)
Wassermann
Negative 62 91 0 0y 022 3 w3 0 161 13.0
Doubtful 1 1.5 11 $1 1 1 8 31 x4
Positive 3 4.5 52 39.4 3 5.2 177 $%.0
Not\donc 115° 182° 227" :s‘_JS_‘
ToraL 181 314 284 767
Kline
Negative o4 91.3 157 71.0 221 3.5 32 54.5
Doubtful 6 5.8 15 6.7 8 3.5 72 11.0
Positive 3 2.9 49 23 7 3.0 200 30.5
Not done 78°¢ 93* 48° 113°
TotAL 181 314 284 767

* Not considered in calculating percentages..

V. Maedical Findings

The X-ray films of the 1555 workers were read sepa-

amined were in an unusually excellent state of health,
except eight men who were rejected for employment,
one of whom had tuberculosis questionable, four ques-

rately and apart by two physicians, both of whom re-
ported that there was no evidence in any of them of
silicosis or any other pulmonary condition that could be
attributed to dust.

{1941)

tionably active, and three definitely active tuberculosis.
Seven of the persons rejected were routine workers,
the other was a pre-employment case.
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Vi. Venereal Disease

In view of the nation-wide campaign to eradicate
vencreal diseases, the medical findings relating to this
scourge are presented in Table V. The incidence of
syphilis 1s much higher among the colored workers.
Among chose whose blood was subjected to the Wasser-
mann test, 48%, of the routine colored workers reacted
positively as against 5.2 of the routine white workers.
Results of redctions to the Kline test were 30.5%,
against 3.0%; about the same ratio holds for the pre-
employment cases.

VIil. Corclusions

The total absence of silicosis and other serinys
pulmonary pathology and the low incidenice of other
respiratory diseases among 1555 brick und tilc plant
workers indicate that exposure to dust in the North
Carolina industry does not constitute a Ser1nUs mcnace
to health,

Divisiow or Inpusrerat Hyvcinwe
Noxtm Camoutna Stars Board or Haar tu
RausicH, NORTR CAROLINA
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WALTER JODOK KOHLER*

Let me die, working,

Still tackling plans unfimshid, 1asks undone’

Clear to its end, swift may my race be run

No laggard steps, no falte ring. no shirking:

Let me dic, working

Walter J Kobler, Charrman of the Board of Dircetors
of Kohler Company, \pent a busy day at his office, Satur-
day, Apnil 20, 1040, working unul ncar seven o'clok
the evenimg with the vigor and zest which alwayscharactur-
tzed hiin Much of the morning was given to corre-
spondence, stidy of operating reports, and presiding
toward noon at a mecting of the caecutive commttcv
Afternoon brought a long conference with company
engneers regarding a projected new factory bulding and
its equipment

On Sunday, the members of the organization, the peoplh
of the village, and thousands of fricnds wer ineapressibly
shocked to learn that bie had heen stricken that morning
with a fatal attack of coronary cimbolism.

The verses above, by S Hall Young, dated 1933, which
be clipped and saved, had been prophctic.

Boyhood and Early Responsibilities

Walter Jodoh Kohler was horn March 3, 1835, in
Sheboygan, Wisconsin, b oy of Johni Michael and
Lilhie Vollrath Kohler. His rr sther dicd on March 2,
1883, the day before Ins cighdh birthday. On Novemher
3. 1887. his fathcr married Minnie Voilrath, his mother's
sister. Walter was devoted to her through the ycars,
and her photograph was on his office desk at the time of
his passini.

He was the third of a family of four sons and three
daughters. .

Family ties and traditions were ever a dominating
interest and influence in his life, and his middle name
Jodok, long in the Kohler family, is reminiscent of the
Bregenzerwald (Forest of Bregenz), near Lake Constance
in Austria, where the Kohlers had dwelt, according to
church records, since 1624,

Thence John Michacl Kohler came as a2 boy of ten with
his father and the immediate family to America, where

* From Kohler News, 24 5] (May, 1940).

they sattled on a fartm near St Panl M sota Roach.
g manhood, he worked for a0 tone i Cha i Afres
the groat dire, e went 1o Shohaygan, W tseonsig, where
ho marred There, in 1874, by cstabhishil aannfactur-
g business which the fannly has contimcd caer s

Walter Kohler was baptiscd mto the | piscopad chureh,
with which he continncd aMibiaton throughont s Wfe
He ulso belonged to the Bl Fondge of the Moo Order

His formal edhcation was obigmind nr the Shivhnygan
public schools At fifteuen, e docwdod that he wanted to
g0 into his futher's busingss  [l¢ followdid u natsiral urge
In the factory, he put in fong hiours ar man's Lihaor b fore
the enamching furnaces amd  1he fomndey | toooiving a
wage of about $1.25 a day Mo Ixcame a foroman at
cighteen and faclory superitondont gt twonty hine

In I8, the factory was removedd by s futher, John
Michadl Kohler, to its presont s, whikh was thon i the
open country

The death of his father, onc month alicr its e moval and
two days after Waiter's wedding day i the full of 1m0,
left three young hrothers, Rolwrt, Walter, andd Carl, 10
cope with difficultics which, a fow wenths luter, tevame
more formidable with the tatal destruction of the new
plant by fire.

They returned to the old plant 1n Shebaygan and cou-
tinued business. Triumphing over the problcins  of
financing, planning, construction, and cquipment, they
rebuilt the plant, reopening it one year later on the anni-
versary of the fire,

By the untimely passing of the two hrothers who had
been associated with him, Walter Kohler was lift in 1005
the responsible head of the busircss A scries of calami-
tous events had precipitated him, at the carly age of
thirty, into the presidency of the company, a position
which he held until 1937 when, becoming Chairman of the
Board, he was succeeded as President by his youngest
brother, Herbert V. Kohler,

Among Mr. Kohler's many civic activities, his keenest
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