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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. Industrv
should welcome the assistance that these bureaus af-

ford, because prevention of occupational diseases js of
primary interest to employees and saves emplovers
the cost of compensation. i

Muruixiy, STocxantocr, AND Wargrs
BaLrimorg, MaRVLAND

HEALTH OF BRICK AND TILE PLANT WORKERS IN NORTH CAROLINA*

By M. F. Trice}

AnSTRACT

Data are reviewed which were obtained in an investigation of the North Carolina brick
and tile industry to evaluate the siliceous dust exposure of the workers in terins of hazards
to health.  The distribution of the furty-vight plunts is classified according to the raw
material used, that is, alluvial clay or shale. The extent of the dust exposure of the
workers by occupationil classification is appraised in terius of millions of particles of
dust per cu. fu. of air, based on particle-count analyses of 1X3 samples of air-borne dust
collected in twenty-cight plunts.  An cvaluation of the health status of the workers is

; bused on medical data obtained in the clinical and X-ray examination of 1355

358 employces

in plants, most of which were the samne as those tn which dust samples were ohtained.
The investigation disclosed that none of the empluyces had silicosis, a fact which
apparently is explained by a low quartz content of the atmospheric dust, an absence of
vxeessive eoncentrations of dust, and a high labor turnover. )

'

I. Introduction

A potential hazaed to health exists whenever work-
men are expased to dust that contaius quartz, tlint, or
sher forms of uncombined silica, as such particulate
matter is definitely toxic.*™) The role of combined silica,
or silicates as causes of pulinonary discases, how-
ever, cannot be so categorically assessed.  Authoritics
dilfer with respect to the toxicity of silicutes altheugh
st of them no doubt would agree “that the presence
of other inorganic dusts in the silica-contining atinos-
pliere may tend to intluence the rate of progressive re-
action . .. (to) . oL inhaled silica,”"W Although there
is sotte qquestion s to the effect of silicates in generul,
several of them, uotably asbestos,? steatite (taled),

* Presented at the Forty-Second Annual Meeting, The
Amcrican Ceramic Socicty, Toronto, Canada, Aptil 8.
140 (General Sessiun on Toxicology). Reveived April 8,
1930.

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

1 (a) R. R. Saycrs.and R. R. Jones, “Silicosis and Simi-
tur Dust Diseases,” U. N. Pub. Health Repts., 53 (33|
1453-72(1938): p. 1454; Ceram. Abs.. 18 [1]40(1959).

(0 L. U. Gardner, “Inhaled Silica and Its Effect on
Normal: and Tuberculous Lungs,” Jour. Amer. Mecd.
Assn., 103 (9] 74343 (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 Ashestos Textile Industry,”
U. S. Pub. Heulth Bull., No. 241 (Washington, D. C.,
938,

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

and wmicat are capable of producing a serious and some-
times disabling pathology. Auny silicate dust therefore
should be regarded us a probable menace to health
until such time as it can be proved innocuous in the
‘coucentrations that are encountered in routine.

Because the raw material from which brick and tile
are made is -silicenus in character, an investigation of
the North Carolina industey has been made to evaluate
the dust exposure of the workers in terms of hazards
to health, particularly with respect to silicosis.  Most
of the medicul and engineering data were collected over
a twelve-mounth period, beginning in the summer of
1938S.

Il. Evaluation of Working Environment

In a study of this character, it is desicuble to appraise,
in terms of an average dust concentration, the exposure
of the wurkers in each veccupational classification, a8
such values permit a comparison of occupations with
respect to the extent of the dust hazard and are useful
in correlating medical and engineering data. The
Greenburg-Smith impinger® was used to the collect 183
samples of atmospheric dust for particle counts ifn
twenty-eight plants. These dust samples were col--
lected during cach of the four seasons under a varety
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, 'Pgeumo
coniosis Amnong Mica and Pegmatite Workers,” U. S. Pub-
Health Bull., No. 250 (Washington, D. C., 1940). _

$ Leonard Greenburg and J. J. Bloomfcld, *Impingtf
Dust Sampling Apparatus as Used by U. S. Public Htﬁl"-h
Service,” U. S. Pub. Health Repts., 47, 65475 (1932):

Reprint No. 1528. -
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representative evaluation of the atmospheric dust con- ’

ditions in the industry. The importance of an occu-
phtion. 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
greater number of samples was thus collected to evalu-
ate the exposure of a screen attendant than that of a

. packer 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, for cuch occupation for both types of
buildings. Whenever the two results obtained checked
closely, they were combined, and the one value was em-
ployed for the occupation in both types of plants.
One dust-exposure valuc thus serves for all hackers.
_The dust counts for open- and closed-type plauts were
further classiticd according o raw material cuployed.
As the values obtained for both the clay and the shale
plants were alnust identical, the results were dis-
carded. The caleututed average dust expemurnes of the
“workers by oceupational chssilicution (expressed in

'

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

(2) Character of Dust

Because free silica or quartz is a toxic mineral insofar
as pulmonary pathology is concerned, it is desirable to
know the amount contained in the atinospheric dust to
whiclt the werkmen are expised. 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 such sumpling device was avail-
able {and it was out of conmission f{or & while), several
samples of settled dust were collected from structural
mcmbers.  Four samples of atmospheric dust and three
satuples of settled dust were examined petrograghically
for quartz content, the results of which are presented in
Table II. No two of these samples were collected in the
satne plant. Although both of the clay samples contain
mtore quartz than the shale samples, they represent
settled dust, which muay acceuunt for their higher quartz,
cutttent. An amalysis of sunples by particle-size frac-
tions is irequently made to determine the quartz con-
tent of the respirable sizex.  The brick plant dusts,
however, were ot so ateticuiousdy amadvacd. Weat

TaABLR |
AviERacE DUsT Exroscri of WORKERS oY OCCUPATIONAL CLASSIFICATION

No. samplces

coumdered
Hoistman (incloscd and preparation machinery ) 11
e (open pht ol Py s 10
Clay storage bin 4
" 0 dnelosed) |
Crusher (rolls and disintegrator attendant,
root boy;
Inclosed (no bats: 4
. (bats) ¢
Open (no bats) - 3
* (baus) *
Screen attendant, inclosed . 11
o " inclosed, full bin 2
* - open 2
Dry pan opcrator, closed (matcerial dry? 3°
e’ Ve ot SR damps 3
. . - salvage -
“ e - open 3
Pug-mill opurator
. Preparation-machincry cxposure 10
'Isolated from preparation machinery K]
Brick machine b
Open mill discharge 2
Hackers 5
Transfer, upper ) 3
o lower 3
[ *  (car rackers) 2
Kiln workers, downdraft 1t
. updraft 5
Kiln cleaning pd 3
Pipe manufacturing, pipe feeder (isolated 1
. * pressmnan 3
. N special shapes 1
Pipe drying Soor 1
leanup man 4

* Weighed average.  t Cleaning kiln cyes.

Dust expostites (millione/cu, )
- L e e e ———— - —— -

Mix, Min, Ava.

. 1) 9.4 1.0
ti. o L. 3.0
ERU 1.0 3.0
) TLn

43.0 2.0 2

Ry} 3. )
4.0 2.0 T

HAr 19.0

thts 10 11.0 [HURH
.0 AT §.0
2.0 2.0 L0

2.0 X0 41.0

2.0 3.0 . S0
s16.0 1.y t12.n
1.0 L [UNH
Xy ) 321.90 Ol
1S.0 Rl . n
10,0 7.0 a.n
4.0 NwLuo 1570
2.0 - 1.0 3.0
1.0 1.0 1.0
N L. 1.9
6.} 4.0 3.0
a7.0 4.0 17.40
17.0 9.0 12.0
2540t [GURE) 1480
4.0
39.0 5.0 25.0
5.0
a2 X.0 330
3t.u 3.0 N0 - =

. NotE: “Igclosed and preparation machinery™ means a closed type of buildiag in which workers are exposed to dust
created by this machinery. Dried or fired bats when ground produce much dust: *'no bats™ and “bats™ indicate, re-

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 10%.

TanLs I

QuakTz CONTENT OF SAMPLES OF ATMOSPHERIC AND
SeTTLED DUsT OBTAINED 1IN N. C. Brick AND TILE PLANTS

Identification Quartz content (%)

Sctiled dust (clay) 25
Atmospheric dust (shale) 10
ae e L] ‘('

- e a“" 15

« - . 15
Sctiled dust {clay and shalc) 13
- * {clay) 20

Greaves-Walker and his co-workers? report  that
quartz is abundunt in all sumples of clay and shale
degusits of North Carolina.

. M. Cumulative Dust Exposure of Workers

Tu an evaluation of an cecupationad discase hazard,
the medicul data are usually correliuted with the total
dust expesure of the workers as well us with their total
fengiths of service.  As the anpmnt of dust to which the
men are exposed  varies with the accupation, the total
dust exposures of the workmen are of more value than
their lengths of service in vears. Some jobs expuse the
men to hittle dust: others to appreciable amounts of
dust, as shownt in Table I, To compicre workmen on the
hasis of their total dust exgamure, i million-particle
vear dust index? is used which is obtaited by mul(i-
plving the average yearly dust exposure of an oceupsa-
tivn by the total number of vears spent therein, A man
exposed to an average of ten million particles of dost
jrercu Tt ool air in ten years would therefore build up o
cumulative exjesure of WO willion particle vears of
dust. When more than one oceugition is involved, the
cumulative exposure for cach i culculated and a total
exposure computed by adding together the individual
occupational expusures.

A distribution of the workers according to arhitrarily
selected  cemulutive  dust-expesure  clissificutions s
presented in Table T11L

Virtually S0)75 of the routine workers huve acrumu-
Lited less than 130 millien particle years of dust, which
is not an excessive exposure.  This conclusion may be
examined on the basis of the free silica (or quartz) con-
tent of the dust. It is generally accepted that flive mil-
licn particles of quartz (of respiruble size) per cu. ft.
of air is the maxinium concentration that mav be toler-

¢ “Preliminary Report of Study in Brick and Tile Indus-
try in W. Va.” Burcau of I[ndustrial Hygicne, W. Va.
State Health Dept., Charleston, W, Va., 1934,

7 A. F. Greaves-Walker, N. H. Stolte, and W. L. Fabia-
nic, **Occurrence, Propertics, and Uscs of Commercial
Clays and Shales of N. C.,"" N. C. State Coll. Agr. & Eng.
Expt. Sta. Bull.,, No. 6, 74 pp. (1034); Cerum. Abs., 18
{31 105 (19315).

8 1. M. Dalla Valle, “Sigpificance of Dust Counts,”
U. S. Pub. Health Repts., S4, 1095-1104 (1939:; Reprint
No. 2083.

ated with safety. The brick plant workers are expased
to dusts, the quartz {or free silica) content of which
varies from 10 to 2397 (Table II). If the muximum
concentration of 25% of free silica is employved for illus-
tration, then a concentration of twenty million parti.

cles of such dust per cu. ft. of air would contain five

million particles of quartz, which is the maximum
amount that may be tolerated with safety. Assuming
that forty years constitute a normal lifetime, a person
could thceoretically build up a cumulative expumure of
800 million particle vears of such dust without incur-
ring a serivus risk to health.  Thus S0U millivn particle
years beconie a kind of vardstick by which the cumu.-
lative dust expesures of the wuarkers nuy be gauged.
Only twenty routine workers (sce Table III) have buile
up a cumulative exposure of more than SO0 mitlion jar-
ticle vears of dust, which is only a little more than one
half of the SK) million-particle-ycur yardstick at which
some cvidence of dust pathology might be expected.
This hypothetical “threshold™ limit is bhased on the
dust sample with the maxinum quartz content, which
is undoubtedly wach higher than that of the average
atmesplicric dusts to which the workers are expresed.
Thus, tustead of the totd “threstiald”™ dust exposure
heing S0 million particle years of dust, it is prolably
at least double that figure, as the quartz content of the
atr-bore dust sunples (Table IT) avernges only 1259,
or ame Ll of the figure used. One worker ouly has built
up a cumulative expreesure of more than 10 million
particle vears.  The length of expesture, in vears, of the
emplovess reveals that alwest one Judf of the rontine
workeérs examined lave bheen in the industry more than
ten vears.  After so long o period of serviee, however,
their cumulative dust exposures are only i frwction of
the theoretical “threshold™ computed s w0 vandstick
by whiclh (o exanmtine the total dust expesure f the
workmen.  These  assumptions wnd - computations,
therefore, indicate that the siliceons dust zard s o
acute in the Noeth Curolinie tiick and tile vad e,

IV. Medical Examinations

Mdicul examinations, including an X-rayv tilm of
the chest, were given to 1555 cmplovees and prospuc-
tive employees in twenty-cight plants, which were not
tdenticul in every instanee with these in which dust
samples were collected. The clinical and Xeray exu-
inutions were made on the premises of the respactive
companics in the cruising X-ray trailer of the North
Carvlina Division of Industrial Hygicne.® The wedical
examination given to the workers was therough, o
pecial emphasis being placed on the heart and Jungs.
Blood specimens for the Wassermann and Kline tests
for svphilis were obtained from a large number of the
persons examnined. A complete medical and occujrs-
tional history was also ubtained in every instance.'

* C. R. Matheson and M. F. Trice, “North Caralina’s
Alobile X-Ray Laboratory,” Jour. Ind. Med., 7, 327-3
(1938). :

# M. F. Trice, “Pre-Employment Examinations and
Related Activitis of N. C. Div. of Iandustrial Hygiene.'
z'bid.. 9, 188-93 (April, 1940); Ceram. Abs., 19 [11] 272

1940).
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TasLe III
' DisTriBUTION OF WORKMEN BY ARBITRARY ToTAL DUsT-EXPOSURE CLASSIFICATIONS

Pre-emuployment Routine
Total _— Rejected
(m.p.y.)* employees (Neo.) %) (No.) (Te) (No.)
Negative 374 301 60.7 71 5.7 2
Less than 25 356 166 B.5 189 17.9 1
25~ 50 236 23 1.6 213 20.2
50-100 229 a3 1.0 224 2.3
100~-150 140 - 140 - 13.3
150200 85 NS 7.4 2
200300 L] 77 7.3 2
300400 R 21 2.1 1
400~300 13 13 1.3
| 500 and over 21 1 0.2 - 20 _
ToraL 1555 W6 100.0 1051 1060 S

* Million particlc ycars.

Tasre IV

PERCENTACE OFf BRICK AND Tite WuRKERS EXxAMINED
HAVING TUBERCULOSIS CONTACTS, PAST RESPIRATORY [L1.-
~ESSES, AND OTner Meptcar Finvinas IN Eacit Grovr
' SrECIFIED

Men examinad (°0)

— -— e —

i*re-
1'ast medical timling employment Routiue
Family history of tubcereubosis 1.6 1.9
Exposurc to tuberculosis 1.2 1.1
Pleurisy 2.8 4.5,
Hemoptysis {bloadl-streaked spu-
tum) - 1. (0]
Pucumonia & Q.2
Influenza 20 15.8
Colds (few reported? v. L IRD

Colds (more in reeent years)
Other respiratory discuses
Clubbed or bowed extremitics
Diaphragm (noninal)

Diaphragin (angles shallow)
Childhood tuberculosis
Childbood and adult tuberculosis
Pulmonary tubcrculoxis (activity
+ (2) or urrested) '

Rk,
1M T TN Vb

Y-

-

The examimition of the workers in brick and Gl
plants was expeeted to reveal the existence of pulu.
nary pathedegy that could be attributed (o the indalation
of dust. When the complete absence of such pathology
wis reprorted, it was decided o advrze (lf of the medy
cal data curcfully to determine whethee some effvet of
dust inhatation might be revesled Dy higher incideines
of the e cononplice respitatiry disorders, Al
it therefore were coded on pascls cards sond sosilvazed
o Jutertationad Business Machives tabolating couip
ment. The more Bimportant resalts of this unalvsis,
except the heart findings, are presented in Table §V.
There is noappreciable difference i the incidence of the
various dudings for the pre cmployment and routin
workers, indicating that expasure to brick phaoat daost
has prodicat ne demonsteble oficet on the health of
the workers,  Tuasmuneh as all pre cmplovinent and roa-
tine workers alike are from the stne ceonomie level,
the former serve as a satisfuctory control group with
which tev comgune the litters The group of men ex.

Taue V

NuvMner AND PERCENTAGE OF PRE-EMPLOVMENT AND RoCning Workeks, Crassteiep ny Rack, Reacrisa
POSITIVELY TO WASSERMANN AND KLINE TESTS FOR SVPHILIS

l'r!-emu-:ln_vmrnl Koutine
‘ White T Coliruid {\'.h;l: T ’ .L—_"h.f-nl
(No.) (%) (No.) [y iNog (499 iNv.) [¢44)
Wassermann .
Negative (14 0.0 (51} aule ¥4 w0 3.6
Doubtful 1 1.5 11 S i 1.5 .4
Positive 4.5 a2 SU.4 3 5.2 4X.0
Not done l 1__5_‘_ 12 Pl
ToraL 181 314 251
Kline
Negative - 04 91.3 157 Ln il w35 RO LB
Doubtful 6 5.8 15 6.7 8 3.5 2 11.0
Positive 3 2.9 19 2.3 7 3.4 200 an.s
Not done 78* 93° 48° 113°
ToraL 181 314 3 67

' * Not considered in calculating percentages.

, V. Maedical Findings

" The X-ray films of the 1333 workers were read sepa-
rately and apart by two physicians, buth of whom re-
ported that there was no evidence in any of them of
silicosis or any other pulmonary condition that could he
attributed to dust.

(1941)

amiued were in an unusually excellent state of heuith,
except eight men who were rejected for employment,
one of whom had tuberculosis questionable, four ques-
tivnably active, and three definitely active tuberculosis.
Scven of the persons rejected were routine workers:
the other was a pre-emplovment case.
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V1. Veneresl Disease

In view of the nation-wide campaign to eradicate
venereal diseases, the medical findings relating to this
scourge are presented in Table V. The incidence of
syphilis is much higher among the colored workers.
Among those whose blood was subjected to the Wasser-
mann test, 489, of the routine colored workers reacted
positively as against 5.2, of the routine white warkers.
Results of reactions to the Kline test were 30.5%,
against 3.09,; about the same ratio holds for the pre-
emplovment cascs.

CERAMIC

VIl. Conclusions

The total absence of silicosis and other serigus
pulmonary pathology and the low incidence of other
respiratory diseases among 1555 brick und tile plant
workers indicate that exposure to dust in the North
Carolina industry does not coustitute 2 serious menace
to health.

Division or InousTriaL Hycixnx
Norrat Carovina Srats Boaro or Haarrw
Raczicn, Noarst Canouina

HISTORY
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WALTER JODOK KOHLER*

" Let me die, working,

Still tackling plans unfinished, tasks undone!
Clear to its cnd, swift may my race be run.
No laggard steps, no faltering, no shirking:

Let me dice, working.

Walter J. Kohler, Chairman of the Board of Dircetors
of Kohler Company, spent a busy day at his office, Sauur-
day, April 20, 1940, working umtil near seven o'clock in
the evening with the vigor and zest which always character-
ized him. Much of the morning was given to corre-
spondcnce, study of opurating reports, and presiding
toward noon at a mecting of the cxecutive committee.
Afternoon brought a long conferenve with company
engineers regarding a projected new factory huilding and
its equipment.

On Sunday, the members of the organization, the peaple
of the village, and thousands of friends were tnexpressibly
shocked to frarn that he had heen stricken that moerning
with a faial attack of coronary cmbolism.

The verses above, by S. Hall Young, dated 146483, which
he clipped and saved, had been prophetic.

Boyhood and Early Responsibilities

Walter Jodok Kohler was bhorn March 3, INV3H, in
Sheboygan, Wisconsin, the son of John Michacl and
Lillic Volfrath Kohler. His mother died on March 2,
183, the day before his cighth birthday. Oun November
3. I8KT. his father marricd Minnie Volleath, his mother's
sister.  Walter was devoted to her through the years,
and her photograph was on his office desk at the time of
his passing. )

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

Family ties and 1iraditions 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 Michac! Kohler came as a boy of ten with
his father and the immediate family to America, where

* From Kokler Nexs, 24 153] (May, 1910).

they settlhed on a farm near St Faol, Minnesota,  Reach-
ing manhood, he worked for 2 tie in Chicugo  After
the great fiee, e went to Sheboygan, Wisconsin, where
he married.  There, in 18738, he established 2 manufactue-
ing business which the family has continucd ever since,

Walter Koliler was haptized into the Eptscopal church,
with which he continued afliliation throughout his life.
He also belonged 10 the Blue Losdge of the Masonic Order.

His formal cducation was abtained i the Sheboygan
public schools. At fifteen, he decided that he wanted to
ro into hix father’s business.  He followed a natural urge.
In the factory, hie put in long hours at man’s dwre before
the cnamcling furnaces and in the fomdry, neviving a
wage of abomt 31.25 a day. He became a foreman at
cighteen and factory superintendent at- twenty-live.

In 1IN, the factory was removed by his father, John
Michacl Kaoliler, ta its present site, which was then in the
open country. ’

The death of his father, one month after its removal and
two days alter Walter's wedding dav in the fall of 1va),
lIeft three young brothers, Rolert, Walter, anud Carl, to
cope with difficultics which, a few wanths Liter, tacame
more formidable with the total destruction of the new
plant by fire.

They returned to the old plant in Shcboygan amd con-
tinued business. Triumphing over the problems  of
financing, planning, construction, and cquipment, they
rehuilt the plant, reopening it one year luter on the anni-
versary of the fire.

By the untimcly passing of the two brothers who had
heen associated with hitn, Walter Kohler was Ieft in 16003
the responsible head of the business. A series 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 yvoungest
brother, Herbert V. Kohler.

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