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PREFACE
I

The Hazard Evaluations and Technical Assistance Branch of NIOSH conducts field
investigations of possible health hazards in the workplace. These '
investigations are conducted under the authority of Section 20(a)(6) of the
Occupational Safety and Health Act of 1970, 29 U.S.C. 669(a)(6) which
authorizes the Secretary of Health and Human Services, following a written
request from any employer or authorized representative of employees, to
determine whether any substance normally found in the place of employment has
potentially toxic effects in such concentrations as used or found.

The Hazard Evaluations and Technical Assistance Branch also provides, upon
request, medical, nursing, and industrial hygiene technical and consultative
assistance (TA) to Federal, state, and local agencies; labor; industry and
other groups or individuals to control occupational health hazards and to
prevent related trauma and disease.

. .~ . t: ' .
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Mention of company names or products does not constitute endorsement 'bj.:the
National Institute for Occupational Safety and· Health. . , ~~
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American Standard, Inc.
Louisville, Kentucky

I. SUMMARY

NIOSH Investigators:
Andrew D. Lucas, IH
John Horan, MD

On July 8, 1980 the National Institute for Occupat,i6nal Safety and Health (NIOSH) received
a request from employees for a health hazard evaluation ,at American Standard Incorporated
in Louisvi1'le, Kentucky. The requestor was concerned about the enameling. department where
employees coat bathtubs and si nks with enamel ing powder, then bake the enamel ,i n
furnaces. Symptoms reported by employees in the enameling department included ,nausea,
vomiting, chills, and difficulties in eating. The requestor was also concerned about a
report that the man-coolers used in the enameling department h'ad been associated with
outbreaks of Legionnaires Diseas~. NIOSH was asked to·investigate this report and the
symptoms reported~by the employees.

NIOSH investigators conducted an initial survey on July 14-16, 19S0. A follow-up survey
was conducted on September 22-24; 1980.

Personal and general area air measurements were made for,metal ,fumes, respirable dust and
silica, carbon monoxide and heat stress. Medical questionnaires were administered and
blood samples for lead analysis were obtained.

Analyses of air samples indicated that concentrations of lead in the breathing zo~e of
enamelers and heaters ranged from 26 to 162 ug/M3, with a mean concentration of 77
ug/M3. The calculated 8-hr TWA ranged from 20 to 122 ug/M3 with a mean of 5Sug/M3'
of inorganic lead. The NIOSH and OSHA recommended standard for inorgahic lead is 50
ug/M3 as an ,'S-hour TWA. ,Heat stress measurements with a wet bulb globe thermometer
(WBGT) ranged from ,S60 F to l020 F WBGT. The NIOSH recommended criteria ,for occupational
exposure to hot environments requires that certain work practices be initiated when the
exposure is continuous for one hour and the TWA WBGT exceeds 79 F for men or 76 F for
women. Carbon monoxide and silica levels were not found in toxic concentrations.

The clinical presentation of employee symptoms was not/typical of legionellosis; and there
is no evidence that any particular type of ai~-conditioning system is more likely than
others to disseminate Legionella pneumophilabacteria and contribute to outbreaks of
legionellosis. Eight enamelers had blood lead levels ,greater than 39 ug/100 ml(highest ­
48), but they were not associated with a statistical,lysignificant difference in physical
signs or symptoms. The 116 other employees: all had ,blood lead levels below 40 ug/100 ml
(the upper limit of IInorma}ll). The c1i ni cal presentation of symptoms ,suggests ,that the
principal cause of employee symptoms is the extremely hot working environment.

There is no eVldence to suggest,that legionellosis is a problem'lnthe enameling depart­
ment or that employees"are atintreased,risk~of acqui.ring the disease due to occupational
exposures. Environmental and biologi.caT':sampling indicate that elevated lead levels in
the department havecon~ri buted~to,; ncreased c'b 1ood, ;lead,' i nsome· long-term enamelers.
Envi ronmentaL,measuremerits and·, personal' i ntervlew-s',j ndtcate that heat stress is a s i g­
nifi cant probl:em: andrhay"be the majof·cause:,:oL':,symptoms\:amongemp 1oyees in the depart­
ment.,Recommendations for conttoLand!morHt0ri:ng~oLexcessive·lead ,levels and for
amelioration"of symptoms'dueto:.heat istress are conta';:ned.in 'Section VII of this report.

, -
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11. INTRODUCTION

On July 8, 1980, the National Institute for Occupational Safety and Health.
(NIOSH) received a confidential request from an authorized representative of
employees for a health hazard evaluation of American Standard Incorporated in
Louisville, Kentucky. The area of concern was the enameling department where
employees coat bathtubs and sinks with enameling powder, then bake the enamel
in furnaces. Symptoms reported by employees in the enameling department
included nausea, vomiting, chills, and difficulties in eating.

The requestor was concerned about a report that the man-coolers used in the
enameling department had been associated with outbreaks of Legionnaire's
Disease. NIOSH was asked to investigate this report and the symptoms reported
by the employees.

NIOSH industrial hygienists and a medical officer met with management and
union representatives for the opening and closing conferences, walk-through
survey and environmental sampling on July 14, 15, and 16, 1980.

A follow-up survey consisting of environmental sampling and medical testing
was conducted on September 22, 23, and 24, 1980. Interim Report #1 was issued
in September, 1980; Interim Report 12 was issued in April 1981.

III. BACKGROUND
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Each enameling station has a man-cooler next to it. Man-coolers are supplied
to provide comfort ventilation at the enameling stations. The cooling towers
for the man-coolers are located outside the building. Each cooling tower has
a bank of water sprinklers which are designed to spray water. As the water
drops in the tower, it evaporates and cools the air around it. This cooled,
humidified air is then blown through a ventilation system with outlets near
the enameling stations. The duet outlets are covered with filters to prevent
foreign objects from being blown onto the pieces which are being enameled.

All enamelers and heaters in the bathtub area work 6-hour shifts. Heaters in
the small ware (sinks) area work 8-hour shifts.

IV. EVALUATION DESIGN AND METHODS

Information concerning process description, engineering controls, composition
of the enameling powder, personal protective equipment and clothing, work
practices, training programs and monitoring for the areas in question were
obtained from management. Employee interviews focused on the job description,
work practices, training programs, and associat~d health problems.

A. Environmental Sampling

Twenty personal breathing zone air samples were taken to determine the
concentration of metals in the breathing zone of the enamelers. One area
sample was also obtained. The samples were collected on mixed cellulose ester
membrane filters (0.8 urn pore size) using portable pumps at a flow rate of ·1.5
liters per minute (lpm).These samples were analyzed by atomic absorption
spectroscopy according to NIOSH Method P &CAM 173 for lead, chromium, iron,
antimony, cobalt, copper and titanium. They were also analyzed for lithium by
atomic emission spectroscopy. Eleven personal air samples were taken to
determine the concentration of respirable silica in the breathing zone of the
enamelers. The samples were collected on pre-weighed FWSB filters equipped
with nylon cyclones using portable pumps set at a flow rate of 1.7 lpm. These
samples were analyzed for respirable silica by X-ray diffraction according to
NIOSH Method P &CAM 259. In addition, the samples were analyzed
gravimetrically to determine the concentration of respirable dust.

Air sampling for carbon monoxide was performed by the use of a direct reading
Ecolyzer.

Factors contributing to heat stress were,measured with the Reuter-Stokes
RSS-211 0 and RSS-21lA (Wi bget),.a portab,le·.·e~lectronic instrument wh ich is
capabJe;pf determining dry.bulb temperatune {DB), !natural wet bulb temperature
(WB) and the 6" Vernon Globe temperature (GB). Environmental measurements
were also taken with a standard heat stress setup composed of a dry bulb
thermometer:,'.'wet bulb thermometer. and ,6,'l,c;,g]obe f thermometer. The Wet Bulb
Globe Temperat.ure (WBGT) index. used::as, the:'parameter in determining the .
environmental l conditions for implementat~on df ,work practices is calculated by,
the fo,J-1owJng:equation: .....



Page 4 - Health Hazard Evaluation Report HE 80-199

WBGT = 0.7 WB + 0.3 GT

The time-weighted average (TWA) WBGT'is determined by the following equation:

Av. WBGT =
(WBGT1) x (tl) + (WBGT2) x (t2) + (WBGTn) x (tn)

(tTl + (t2) T -----------------{tn)

where WBGT1, WBGT2, WBGTn, are calculated values of WBGT for the
various work and rest areas occupied d~ring total time period; tl' t2'
t n are the elapsed times in minutes spent in the corresponding areas
which are determined by a time study.

Air flow patterns were determined by igniting smoke candles and observing the
movement of the smoke. Ventilation measurements were obtained with a Kurtz
air flow meter.

B. Medical Evaluation Methods

The medical investigation addressed three concerns:

1) The unconfirmed report that the man-coolers used in the enameling
department were the same type as those used in the Philadelphia hotel where an
outbreak of IILegionnaires ' Disease ll (legionellosis) had occurred in 1976 and
the subsequent concern that symptoms of enameling department employees were
due to1egione110sis;

2) The possib1ity that elevated environmental lead levels could be
causing lead toxicity in the employees;

3) The possibility that the hot work environment could be causing heat
stress problems in the employees.

To address the problem of possible 1egionel10sis, the NIOSH physician
contacted the Special Pathogens Branch of the Bacterial Diseases Division at
the Centers for Disease Control in Atlanta, Georgia to obtain information
about any potential association between outbreaks of 1egionel10sis and
specific types of air-conditioning or cooling devices. He also contacted the ;
Kentucky State Departme~t for Human Resources to obtain information about
occurrence of the infection in Louisville and in the state of Kent~cky.

D~ring the first site visit to the American St~nd~rdp1.antin Jul~ 1980, he
conducted informal non-directed interviews"of'employees in the enameling
department to determine whether theywer~e~~~rie~cihg,symptoms that suggested
an outbreak of legionel10sis. ." ;,'" 1 •• ; '~., '

"' J.\ ":~'~""'~' ;)'::-'~"r~'

The problems of possible lead toxiciti.,a~d heat';stres's'were:addressed during
the second NIOSH site visit in Septembef-1980~S On~S~ptemb~r 22-24,NIOSH
medical personnel performed physical exa~in~tid s:~ c6h~ucted'~uesti6nnaire
interviews, and obtained blood samples from 122 employees ih thiena~el·ing

department.
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The physical examinations performed to evaluate possible lead toxicity
included observation for. tremor, testing the biceps deep tendon reflexes, and
quantifying the strength of wrist extensor and plantar extensor m~scle
groups.

The questionnaires were administered by a NIOSH interviewer. They included
di rected questions about symptoms that might be rel ated to either he.at stress
or lead toxicity, directed questions about washing before eating, drinking or

. smoking at work, directed and non-directed questions about possible sources of
lead exposure outside the workplace, and demographic questions concerning age,
race, sex, job category, and duration of employment.

Blood samples were obtained for hematocrit and ~lood lead levels. Hematocrit
was determined by the microcentrifuge technique. Analysis for blood lead
levels was performed by the laboratories of Environmental Science Associates,
Inc., using anodic stripping voltammetry.

V. EVALUATION CRITERIA

The sources of criteria used to assess workroom concentrations of air
contaminants were: (1) Recommended Threshold Limit Values (TLV's) and their'
supporting documentation as set forth by the American Conference of
Governmental Industrial Hygienists (ACGIH), 1980; (2) Occupational Safety and
Health Administration (OSHA) standards (29 CFR 1910), November, 1·978; (3)
NIOSH criteria for recommended standards for hot environments, 1972; and (4)
NIOSH Recommendations for Occupational Health Standards. These standards/
criteria are summarized in Table I.. . .

Lead Toxicity

Inhalation of lead dust and fumes is the major route of lead exposure in
industry. A secondary source of exposure may be from lead dust contamination
on food, cigarettes, or other objects.- Once absorbed, lead is excreted from
the body very slowly. The absorbed lead can damage the kidneys, peripheral
and central nervous systems, and the blood-forming organs (bone marrow).
These effects may be felt asweak~ess, tiredness, irritability, digestive
disturbances, high blood pressure, kidney damage, mental deficiency, or
neurologicjl disorder. Chronic lead exposure is ~ssociated with inf~rtility
and with fetal damage in pregnant women.

Blood lead levels below 40 micrograms/100 milliliters (ug/100 ml)of whole
blood are considered to be normal levels which may result from daily .
non-oc,c,up.q.t.ional expp~u,r:,e., i Ho\"ever, ,fetal,dam~geinpregn,ant women may occur.
at ,blood',lead ..levelSas low' ~s'3b-ug/lOO,ml.,· Lead levelsbetween.40-60 ug/100
ml'in 1ea'd. exp'o:sed,wQr~ers'i 'n~ i ¢!3.£e excessi ve';absorpti pn' of 1e'ad" and inay.: '
resu,Jti),n' 'sQm~,ad,ve·rse he~lth.effeCf~'~' ,Leve,l s oL6Q~1 00: ug}JOO inJ represent
unacc:e'pJ'a,ble.."el evat ;'Ons whi ch may, c'aiJs.e:ser:ious,"ad~v'erse',hl:!a lth: effects. . ::;

~ . .: .,1 !~,· .. ".",,,'·f ",- '<-' ;'_: ""',l :"." ;", ••:-"'.:)' ,~-.,., ~,;., ''':; ."~' J "".' ,I ,. '5' ,_.
Level~dover,. -100: ug!JO,O,.mJ.,are<;:PJ1s.iOe.r.ed qangerous anc:Loften requlre
hos:p,iia ii z'a,t; on "and,rned i~a" tre'a;tmer:Jr. (,co;'" " ':'-.,~ ",':, . . .

. . . ~ ; '.':": ',1,"
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The applicable OSHA standard for exposure to airborne inorganic lead' is 50
ug/M3. An action level of 30 ug/M3 has been set as the concentration at
which an environmental monitoring and medical surveillance program must be
instituted (see Recommendations, page 15). The proposed OSHA regulation on
lead absorption will eventually require blood lead levels to average less than
50 ug/100 ml.

"Heat

Environmental heat (or resistance to removal of metabolic heat) leads to
well-documented reactions' in human beings: increased cardiovascular and
respiratory activity, increased body heat temperature, and sweating. If the
heat load is excessive or prolonged, then frank heat disorders result. Other
clinical entities from heat effects are heat syncope, heat rash, and heat
fatigue. , '

The three major clinical disorders resulting from excessive heat stress on
susceptible workers are: (1) heat stroke, from failure of,the thermoregulatory
center; (2) heat exhaustion, from depletion of body water and/or salt; (3)
heat cramps, from salt loss and dilution of tissue fluid.

A.Heat Stroke

He~t st~oke (the term sunstroke i~ obsol~te) is the most serious of the heat
disorders, and must be'treated as a medical emergency.

The three cardinal signs of heat stroke are: (1) hot, dry skin: red, mottled,
or cyanotic; (2) hyperthermia: a body temperature usually of 1060 F. or
higher and rising; (3) brain disorders: mental confusion, that progress to
delirium, loss of consciousness, convulsions, and coma.

Heat stroke is uniformly fatal unless treated promptly and adequately.
Treatment consists :of rapid cooling of the body preferably by immersion in
chilled water accompanied by vigorous massage of the skin or by wrapping the
unclothed body of the patient in wet sheets and fanning with cool dry air.
First aid'treatment of the victim should always be initiated immediately and
not delayed while waiting for transportation to a'medical facility. Th~ ,
victim should be moved to a cool area, soaked with cold water and fanned to
increase convective cooling while awaiting transportation to an appropriate'
medical facility.

B. Heat Exhaustion

The symptoms and signs cif heat exhaustion;are chiefly we'akness or extreme
fatigue, giddiness, nausea, and headache i'n persons who may be working in the
heat or resting between' bouts of work'."'Th'e,skjnmay be clammy and moist', ," :;;
indicating that sweating"remains active. The'complexion may be pale~muddy/i;':
or flushed. Oral temperafuremay benormc:i'l'orclow; but recta'l teinp'erature~i's::
usually elevated (99.5°-101 0 F.). -The '/ictimrilay faint' on rising from the!.'! ',',
sitting position and have a weak, threadypuTse'and low blood'pressur'e'." The>
underlying disorder in heat exhaustion is depletion of the volume of body
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fluids and salts, and follows when intake of water or salt or both is
insufficie~t to replenish excessive losses. Treatment is based on correcting
volume depletion, which is the underlying disord.ercommon to both types of,
heat exhaustion. Many mild cases recover spontaneously following rest in a
cool area and taking water. The severe case of heat exhaustion should be
removed,to a treatment facility. Volume depletion is corrected by admin­
istering salted fluids by mouth.

C. Heat Cramps

Heat cramps is a disorder characterized by painful spasms of the skeletal
muscles of workers who sweat profusely in the heat and drink large volumes of
water without replacing salt losses'. The muscles involved may be in the arms,
legs, or abdomen, those used in performing the job being chiefly affected.
Onset may be during or after work hours. Treatment is based on replacing the
salt losses by drinking salted liquids.,

Heat, syncope (or faintness) may
erect and immobile in the heat.
skin and lower part of the body
heart and may lead to fainting.
helps prevent this occurrence.

be observed in unacclimatized workers standing
Pooling of blood in dilated vessels of the

results in inadequate venous return to the
Intermittant movement to assist venous return

Heat rash, which is commonly known as prickly heat, follows the absorption of
water by keratin and plugs the orifices of sweat ducts. This leads to
inflammation of the glands, and is manifested as tiny red, raised vesicles in
the affected area. It results from unrelieved exposure to humid heat with the
skin being continuously wet with unevaporated sweat. It is important because
if extensive, or complicated by infection, discomfort from heat rash may not
only interfere with restful sleep and impair efficient performance, but can
result in temporary total disability. Heat rash is prevented by providing
cooled recovery or sleeping quarters to allow the skin to dry between heat
exposures.

VI. RESULTS AND DISCUSSION

A. Environmental

Table II de~icts the results of air sampling fo~ metals on July 14 and 15,
1980.. Fifteen of the twenty personal,sampl~s for m~tal exposure were found to
have"'lead concentrations above 50 ug/M3'w\thamaximum of 162 ug/M3. The
mean (average) concent rat ion for:: these'a:'trbot,ne meas'urements was 77 ug/M3.
The OSHA ai rborne 1ead standard ,i 5!'50'~u'giM3 'i1a'sed !'on 'an, ei ght-hour t lme

,. • '.:, r ~ " • -! ~.: -._l ... '. ~ " ~ i , ,-. i ," \ ; . :' 1 , ;;'.

weighted average (TWA)., Si nc~, ¢,QalJ;1~Je~s,'wotk~67.~r,sNfts, the TWA may be
calculated by adding 120 minutes'"af rior:r~ex'pOsure"to'·lead. This results in 12
of 20 personal lead exposures whlch aFe'ab'dve'sd':'ug)M3 for an 8-hr TWA. The
hig~e~t ,~-rr TWA is 122ug/M~:w~th.a l)1ean conc,entr9,tionof 59 ug/M3.
Chromi:um;: fran,.and lithiumco'nce'ritrations 'w'erewell within environmental
stand~~~V~£it~ria. Antimony, copper,}cobalt and tita'riium were below
detettabT~levels. ' "

t! ,'~ J ~ j : . ' ":: ' ',"' , .

"
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Table III indicates the results of air sampling for respirable dust and silica
on July 14 and 15. The results for quartz and cristobalite were below 0.03 mg
per filter, which is the lower limit of quantitation, and well within existing
standardsLcriteria~ The highest concentration of respirable nuisance dust was
2.45 mg/M3. The OSHA standard is 5 mg/M3.

A carbon monoxide survey of the area on July 15, 1980, detected levels at less
than 3 parts per million parts of air (ppm). The NIOSH recommended criteria
for carbon monoxide )s 35 ppm.

A heat monitoring survey was performed on July 14 and 15 and September 23 and
24, 1980. On July 14 and 15, outdoor temperatures rose to over 1000F.
September 23. and 24 were mild days, with outdoor temperatures no higher than
the mid-60's (OF). Table IV indicates spot measurements of WBGT on July 14
and 15. Nearly every area, with the exception of the foreman's
air-conditioned office, qualifies as an area where NIOSH recommends compliance
with the work practice standard described in criteria for a recommended
standard ...Occupational Exposure to Hot Environments (see Appendix 1). This
standard states that •.. "When exposure of an employee is continuous for one
hour or intermittent for a period of two hours and the time-weighted average
WGBT exceeds 790 for men or 760F for women, then anyone or combination of
the following practices shall be initiated to insure that the employee's body
care temperature does not exceed 100.4oF: II

• An area where environmental
conditions are 860F WBGT or above should be posted, warning that it is a
heat stress area.

During the third shift on July 15, the aisleway area, which was used as a
spell or rest area by the employees, registered a WBGT of 950 F.
Temperatures at the enameling station in the chest region of the enameler
ranged up to 1250F WBGT. A face measurement of one of the m~n~coolers

indicated a WBGT of 84oF.

On September 23 and 24, further heat measurements wer~ taken with th~'
Reuter-Stokes and standard setups. The heat monitoring instruments were
placed in the areas where work is performed, that is, the enameling station,
the enamelers' workbench, and the aisleway. The amount of time sp~ntis each
area was recorded. Observations on September 23 of the enamelers at furnaces
56 and 59 on the 12:00 P.M. to 6:00 P.M. shift indicated that they~pent:~l%
of their time at the enameling station, and 39% of their time at their
workbench, preparing bathtubs. The heater was observed to spend 21% of his
time at the enameling station, and 79% of.hi~time at the aislew~y, ~atching,
bathtubs wi th "mud ll

• Table A in the appendix 'indicates spot measurements '~
taken at 15-minute intervals of WBGT ·varue·sat.furnaces 56 arid 58. Table·:V "
dep icts the time-weighted WBGT va1uesforth'~~,~' ~e~fStress':meas'ur.ements .r. "The
t ime-we,i ghted WBGT val ues were obtained bi,:..n1}i1,tfpJj,i'ng: the: aiierage~BGT fri:.' an' .
area by the percentage of time spent ih,:itl:rat ar.ea:~ "'" _' " ""

. ,'",;' '~;,~_ .;" ':',!'.' .'~~. '.l"~~ i;.,',
, • ~, : ,J • ,,: " • • • • ~. > "[ ;' i ~ :'~ • _"

A strip chart was connected to a Reuter Stok~s ~o develop an even mqr.e p~~cise.

profile of the WBGT at furnace 59, in tonjurittion with the tim~ study'whith .
was conducted there. The results are summarized in·tab:l~ B in the )\p'p'endi'x~'
The average WBGT was 1020F. The results also indicate that each sutceedfhg; . ", ..
layer of enamel reduced the WBGT; this is most likely due to shielding of the
radiant heat from the bathtub caused by the progressively thicker enamel
coatings.
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Strip chart recordings of WBGT at fur~ace 45 (small wares) on September' '23,
from 12: 20 to 3: 30 ranged from 780F WBGT to 900F WBGT.

Finally, on September 24, the enameler at furnace 60 was observed, and heat
stress measurements were taken at the enameling station and workbench areas
from 7:22 A.M. to 10:54 A.M. .,

The time-weighted WBGT was 890 F during the"observation times.. Table V
summarizes the time-weighted wet bulb globe temperatures recorded on September
23 and 24. .

Enamelers are provided with limited. protective clothing by American Standard
Inc. An aluminized reflective cloth sleeve and heavy gloves are supplied to
protect the arms and hands while enameling. Enamelers fashion aprons from
rolls of aluminized cloth. They have also devised aluminum masks which attach
to their hard hats and protect their faces while enameling.

When the bathtubs are removed from the furnace, they are sources of intense
radiant heat .. Globe temperature measurements (indicative of radiant heat)
were as high as 1990F at the chest zone of the enameler. Protection from
radiant heat is best provided by reflective shielding which intercepts the
heat. Man-coolers, which function by blowing cooled air over the worker,
provide comfort by accelerating the evaporation of sweat. Man-coolers alone
are not sufficient to provide relief from the heat stress conditions
encountered in the enameling department. It is worth pointing out that on
July 15, a day when the ambient outdoor temperatures exceeded 1000F, the
function of the man-coolers seemed to be impaired, as evidenced by the face
measurement of the man-cooler at furnace 55 1/2 which had a WBGT of.840F.
Many workers complained of the high heat and humidity. The lowest WBGT
recorded in any working area on July 15 was 950F at the aisleway in front of
furnace 56. There was no spell area readily available where the enamelers and
heaters could find relief. Management at American Standard Inc. reported that
production drops precipitously during the summer months. The company provides
drinks containing electrolytes to replace those lost from sweating, and allows
workers to take breaks as required during periods of heat stress.

Smoke candles were ignited in different areas of the enameling department to
determine air flow patterns. The smpke tended to hang fairly low in the air,
diffusing slowly up to about 12 tp 14 feet above the shop floor before C

spreading out, indicating a lack of air movement in the area. Air veloci~y
and smoke tube measurelTlents at the entrances and doorways to the enameling
departmentdemon~trated that air wa~being drawn into the ena~eling department
from evefy" entrance, t~us:.i'lustrAtirig that the enameling department is un~~r
negative pressure.' ' .. --'", - . - .

Dur'ing the initial-.visi~,~he_ma~~~6bJer,?'y~tem was, inspected;and showed 'signs'
of inageqy~t~,.m(iintenarice~ ,:,:~ater:sprayers-,were rusted· 9-nd corroded, some ,were
inppetati~~._~Oneofthe ~~nFtooler'f~ns"~&srseyefely rijst~d, with segmentspf.
the"~an bl~des_~i~sin~:due't6 severeco~r6sj~n; F{lter~atthe face rifthe
man-cool~rs"_we,r,e~soiled~n9 ne~ded'replacement~'" - , . c- - -

General housekeeping in the enameling department was deficient, particularly
during the follow-up visit. Enameling powder had accumulated on the floor
throughout the department. Employees reported that regular floor sweeping in
this area had been terminated.
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The shower room and locker areas .were poorly maintained, and not conducive to
personal hygiene.

B. Medical

1. Report of Possible Legionellosis

In response to NIOSH inquiries, personnel, at the Special Pathogens Branch of
the Bacterial Diseases Divison of CDC reviewed their files and found no copies
of correspondence with the American Standard Corporation. They do have a form
letter which they use in reply to questions concerning environmental aspects
of legionellosis (Appendix I), but there is no record that a copy of this
letter was sent to the American Standard Corporation. . ..

The man-coolers u'sed in the enameling department are capillary air w·ashers.
There were no capillary air washers at the Bellevue Hotel in Philadelphia
during the 1976 outbreak of legionellosis there. There is currently no
evidence that any particular brand or type of air-conditioning system is more
likely than others to be responsible for disseminating Legionella pneumophila
bacferia and contributing to outbreaks of legionellosis. There is also, as
yet, no preventive maintenance procedure for air-conditioning or cooling
systems that h~s been proven to prevent outbreaks of legionellosis.

The Kentucky State Department for Human Resources reported that there have
been some sporadic cases of le~ionellosis in Kentucky, but no clusters of
cases.' In Louisville, there had been about ten cases in the previoui four
years, and there was no ~vidence of a common source.

. .

Legionellosis(formerly called Legionnaires· Disease), has two typical
clinical presentations. In the more sev~re form, the patient generally first
notes headache, malaise, and myalgia (muscle aches). Sometimes these symptoms
are accompanied by diarrhea. After several days these non-specific symptoms
are followed by high fever, non-productive cough, and pneumonia. This severe"
form of legionellosis can occur in isolated cases or in an outbreak similar to
the one that occurred in Philadelphia in 1976. When the disease does occur as
a common source outbreak, generally only about 5% or fewer of the people
exposed to the common source develop t~e disease.

A less severe form of legionellosis is sometimes called Pontiac fever •. This
form of the disease usually presents with fever, headache, malaise, and muscle
aches. These symptoms generally last only two to five days, and the. disease
resolves regardless of wheth~r any therapy is begun. Common-source outbreaks'
of this milder form of the ~isease often have much higher attack r~tes, with
illness occurring in 90% or more of the exposed population. .

Informal interviews of about two dozen en~meli~g d~partment employees during...
the first NIOSH site visitinJuly'198Q'revealedacommqn'pattern Of,' ,: .....•.
symptoms .. These included dizzines~or li~~t:headedness, .loss 'ofappetite;'
nausea, abdominal cramps, and mustle~ramps.· H~adache and vomiting'~e~e also,
reported. The symptoms were chrodic ,'gene~~ lly 1ast ing' for the eri.t i re .... .
duration of employment in the enameling department, and were more interis~ and"

':l' : .'. ";,":

L ,~ •

1 r. i . ~ i: i.,:, ~ . -
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more frequent in the summer months. The workers had found through experience
that they could generally achieve relief by taking a break from work when they
felt the onset of symptoms. Some workers also obtained relief by drinking the
oral electrolyte replacement fluid supplied at work or solutions or beverages
they supplied themselves. Several of the long-term employees of the. enameling
department reported that these symptoms occurred prior to the installation of
the man-coolers and that the mancoolers, if anything, helped to alleviate the
symptoms.

Although some of the symptoms reported by the employees could be caused by
legionellosis, these non-specific symptoms are .found in many other diseases,
including lead toxicity and heat stress. The whole clinical picture of
symptoms that are chronic, worse in hot weather, and partly relieved by work
breaks, fluid replacement, and partial cooling by the man-coolers suggests
that the symptoms are more likely related to the hot working environment than
to infection by the L. pneumophila bacterium or other microorganisms.

2. Lead Toxicity

The 122 employees who 'participated in the medical survey on September 22-24
ranged in age from 19 to 61 years, with a mean of 39. They worked at their
current job for 1 to 34 years, with a mean of 12. All but one were men, and
109 (89%) were White (the other 13 were Black). There were 53 enamelers, 64
he~ter/helpers, and 5 other employees.

Analysis of the blood samples from the 122 employees revealed that 116 samples
(95.1%) had lead levels within the normal range of less than 40 ug/100 ml.
The eight other samples had 12ad levels between 40 and 48 ug/100 ml. The
eight individuals who had elevated blood lead levels had normal hematocrits.
In addition, there were eight individuals with normal lead levels but slightly
decreased hematocrits. The 16 persons who had abmormal blood test results,
either elevated lead level or decreased hematocrit, were notified of the
abnormal results by private letter.

The eight persons with elevated blood lead levels were all enamelers. The
information from their questionnaire interviews was compared with that from
all other enamelers interviewed to determine if they experieced any risk
factors that may have contributed to their elevated blood lead levels.

The race and sex distributions of the two groups were similar, as were their
mean'ages (Table VI). The groups werecompa~ed~for several factors that might
lead to increased lead exposur.e ,and.incq:!a~ed :absorption,including eating,
drinking, or smoking at work and washing.'uP'!):)~fore any ·of these activities
(Table. vI) ..' They were also compared-."f,or:·'R,Ossible".exposures to lead outside
the work .. place, such as soldering .. -For<,each.e>t:these p,otential. exposures, the
percentages of the two groups involved were"similar, and there were no
statisti:cally'.significant,',djtferences,ior} comparingthe two groups for any of
these':,'categories of :increa~ed::exposure~' ','

Analysis of physical:examination results revealed that none. of the enamelers
in either group had diminished strength of the wrist extensor or plantar
extensor muscle groups. Biceps deep tendon reflexes were considered abnormal
if they were absent, diminished, or asymmetrical. Six of the eight enamelers
(75.0%) with elevated blood lead levels versus 16 of 45 enamelers (35.5%) with
normal blood lead levels had abnormal biceps deep tendon reflexes. This
difference is not statistically significant (Table VI).
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Six of the eight enamelers (75.0%) withe'levated blood lead levels versus 22
of 45 enamelers (48.9%) with normal blood lead levels had a tremor. The
presence of this physical sign is probably not a reliable i~dicator of lead
toxicity in this population. Tremor can occur following strenuous physical
activity, and it can also be induced by the salt and water depletion that
occurs in heat stress. '

There were seventeen employees who participated in personal sampling for
breathing zone concentrations of lead in August and who also had blood lead
levels drawn in September. When the personal air sample lead levels for these
employees are compared to their blood lead levels by linear regression
analysis, there is no statistically significant correlation between these two
variables (p = 0.53). This lack of correlation is probably due to the fact
that air sampling represents a one day exposure, which may not reflect the
chronic long-term exposures that contribute to a blood lead level.

The most striking difference between enamelers with elevated blood lead level
and other enamelers was average duration of employment as an enameler
(Table VI). The average duration of work as an enameler for the group with
elevated lead levels was 21.1 years, compared to only 13.4 years for the other
group. Although the difference between these two means does not reach
statistical significance, duration of work as an enameler is the only factor
that appears to be strongly associated with an elevated blood lead level. It
is possible that chronic, low-level exposure to leaded enamel powder for many
years may be contributing to the mildly elevated blood lead levels that were
found in some of the workers.

Another factor that may contribute to elevated blood lead levels is the amount
of lead in the enamel powder which an individual enameler uses. If there is a
substantial difference in the amount of lead contained in the various enamels,
and if individual enamelers routinely work with the same enamel powders for
extended periods, then this may be an important factor contributing to
elevated lead levels in some of the enamelers.

3. Heat Stress

Our medical investigatio~s were not designed to include extensive physiologic
evaluations for signs of heat stress. The qu~stionnaire interviews conducted
on September 22-24 included questions about symptoms that could be related to
either heat stress or lead toxicity. Table VII sho~s the total number of
symptoms reported by the employees and the "frequency with which individual
symptoms were reported •. Of thellsymploms" lis ted~ only lid i arrhea II is not'
common to either heat stre"ssor' .lieJad: loiiC'ity' ('it can .be a symptom of '
legionellosis); and d'rlly""fever":ris c:ommontd he:af sttessbut not to lead
tox icity. Both of these were ~ani6ngi ·Jthe l'e'a~t· t'ommor'l' 'symptoms reported.

, :' ,;.: ':: ._",: ::H;: 1:"/., ~ / I .<" "

• l '. "., ',_ , 'r ' •• '_ "". "\

The 122 employees reported a'total'~f 594°SymptdmS,"ot"4.9 symptoms per
person. Results of the initial survey in"July 1980,'~as 'noted above', suggested
that legionellosis was an unlikely cause of the symptoms occurring in the
workers. The normal blood 'lead levels in 116 of thel22'employees tested

:' L •• ' ~

"I ,

, .,
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(95.1%) suggests that lead toxicity was not the primary ,cause of reported
symptoms. It seems likely that,'heat stress fromhoLwo'rking conditions is a
probab1e cause of the reported :'symptoms, arthough the'se symptoms aY,"e
relatively non-specific and co~ld ~lso be re1atedtti,a varietY of other,.
non-occupational, illnesses. ' ,.'

Susceptibi1iiy to heat stress is partly a fun~tion6f th~ hot ~nvir6nment to
which a person is exposed and partly a function of individual variabl.es. In
general, heat stress symptoms are more likely to occur and are likely to be
more severe in individuals who are not acclimatized.

To determine whether there.was any change in the prevalence of symptoms as a
function of acclimatization, we asked each interviewee about presence of
symptoms d'uringthe week prior to the NIOSH survey (the 'week of September 15).
and during the first week back to work following the annual three-week summer
shut down (the week of August 18). Table VIII shows that, for the total ,
population interviewed, the prevalence of symptoms in August was actually'
slightly less than that in September, suggesting no beneficial effect from a
period of acclimatization. Several factors may explain this phenomenon. The
summer shut down occurred during an intense heat wave, and employees may have
experienced little change in hot environmental conditions outside of work.
Because they were experienced in adjusting to work in hot environments, they
may also have allowed themselves to acclimatize gradually when they returned
to work in August by taking more frequent breaks and by slowly working up to
their usual level of productivity.

In addition to inadequate acclimatization, other individual factors that are
likely to render a person more susceptible to heat. stress include old age,
obesity, and chronic illness. We did not evaluate for either of the latter
two factors in our survey, but the "hea lthy worker effect" wou 1d make it
unlikely that people with chronic diseases would comprise a large portion 'of
this-population.

Table IX shows a breakdown of the total population to analyze fbr prevalence
of symptoms in enamelers and non-enamelers. The groups of enamelers and'
non-enamelers are further broken down into age groups. to determine if. there is
any change ~n the prevalence of symptoms a~ a function of age~ The enamel~rs
have the greatest exposure to the intense radiant heat from the furnaces and
from the bathtubs when they are remove~:from the furnaces~ and therefore are
experiencing the'hottest w6rking_conditions. The 64 heaters.a~d five oth~rs
(For,klift Driver,Machinist, Scrap Hau1,er, .2 Sand BJasters) are included
together as non.,.enamelers~,. The emp 1oyees with. elevated lead levels are
c.onside.red~$:a",separ'at~ gro,up_~~ec.au'?e=..so~e.ortheir symptoms .,sould be related
to lead tOX1Clty. '

Table X shows the most frequent symptoms reported in each group. In general,
those symptoms reported most frequently by the whole group (including "trouble
sleeping," "unusually tired," and "muscle cramps") are also among the most
frequently reported symptoms for each sub-group.
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Table IX shows that symptoms were more prevalent in older than in younger
workers, and in the older age groups, symptoms were more prevalent in
enamelers (who have the hottest working environment) than in non-enamelers~

This pattern of symptom prevalence is what one would expect if the symptoms
are related to heat stress. It would have been useful to compare
questionnaire results with employees of similar age groups from a department
where heat stress was not a problem, but such a control group was not part of
this survey.

In spite of the extremely hot working environnment in the enameling
department, the employees appear to tolerate the conditions fairly well. One
indicator of this is the long average duration of employment in the department
(12 years). In addition, the blood tests of 122 employees (which were
obtained before, during, and after the work shifts) revealed only one elevated
hematocrit (53%, upper normal limit was 52%), suggesting that, through
frequent breaks and adequate fluid replacement, the workers were probably able
to avoid severe dehydration. Although the reported symptoms suggest a high
prevalence of heat cramps and heat exhaustion, review of company medical
records and recall of management personnel and long-term employees did not
re~eal a single instance of a case of heat stro~e in an enameling department
employee. '

VII; RECOMMENDATIONS

1. Provide an easily accessible rest or spell area which is supplied with
cool, dehumidified air for recovery from the heat stress conditions which
exist during the summer months .. Instituting this measure could also
address the problem of decreased productivity during the summer months, as
a cool rest area should enable faster recovery from the heat stress
conditions and a quicker return to the work stations.

2. Install barriers to protect the enamelers from the radiant heat given off'
by the bathtubs and furnaces. The most efficient barriers are covered
with aluminum to reflect the radiant heat.

3. Provide better personal p~otective clothing td protect the enamelers fro~

radiant heat.

4. New employees should be instructed in the hazards associated with hot
environments and allowed to acclimatize over a period of 6 days. The
acclimatizati6n schedule shall begin with 50 percent of the anticipated
total workload and time exposure on the first day, followed by daily 10
percent increments ,building up 100 ~~rc~nttota1 expos~re on the sixth day~

_, ' !' I - ~ I ' _. ,~.. .

.. '. ~



Page 15 Health Hazard Evaluation Report HE 80-199

5. Regular acclimatized employees who return from 9 or more consecutive
calendar days of leave, shall undetgo a four day acclimatization period.
The acclimatization schedule shall begin with 50 percent of the
anticipated total exposure on the first day, followed by daily 20 percent
increments building up to 100 percent total exposure on the fourth day.
Regular acclimatized employees who return from four consecutive days of
illness should have medical permission to return to the job, and should
undergo a four day re-acclimatizatlon period as defined above.

6. A variety of saccharin-free fluids containing electrolytes should be made
available to replace body fluids lost in heat stress conditions.

7. Clean up the showers and locker rooms. Install scales and instruct
employees in the importance of weighing thems~lves before and after the
day·s work to prevent excessive water loss and dehydration.

8. Reduce 'dust levels in the air through engineering controls aimed at the
source, that is, the vibrating seives used to spread the enamel powder.

9. Institute regular maintenance procedures for the man-coolers. Replace or
repair all rusted out or corroded parts.

10. Implement good housekeeping procedures in the enamelirig department.
Routine floor cleaning will reduce airborne levels of dust.

11. Institute medical surveillance, including periodic biological monitoring
and medical examinations, according to the criteria set forth in the OSHA
standard for occupational exposure to lead (CFR Section 1910.1025),
Section j.
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Table I
Envi rorimenta1 Standards/Recommended Cri teri a

American Standard, Inc
Louisville, Kentucky

HE 80-199

Substance

Inorganic Lead

Chromium Metal

Iron Oxide Fume

Lithi urn Hydri de

Carbon Monoxide

OSHA
Standard

0.05 mg/M3*

1 mg/M3

10 mg/M3

0.025 mg/M3

50 ppm**

NIOSH
Recommended

Criteria

0.05 mg/M3

1 mg/M3

10 mg/M3

0.025 mg/M3

35 ppm

ACGIH
TLV

0.5 mg/M3

5 mg/M3

0.025 mg/M3

50 ppm

Heat Stress Begin instituting work See Below****
work practices when con-
tinuous 1 hr. or intermittent
2 hr. time weighted average
(TWA) WBGT*** measurements
exceed 790F for men or 760F
for women. An area which exceeds
860F should be posted as a heat
stress area

Respirable Nuisance
Dust 5 mg/M3 5 mg/M3

* mglM3
** ppm

*** WBGT

****

= milligrams of substance per cubic meter of air
= parts per million parts of air
= wet bulb globe temperature

Permissible Heat Exposure Threshold Limit Values
(Values are giyeniri 0C. WBGT),'

Work Load'
Work - Rest ,Regimen . Light, Moderate Heavy
continuous work 30.0 26.7 25.0
75% Work - 25% Rest, Each hour 30.6 28.0 25.9
50% Work .. 50% Rest, E-ach hour 3L!-l~,~»"·,':"' .. 29.4 27.9
25% Work - 75% Rest, Each hour "32~2 '"'' : ".' 31. 1 30.0

Higher heat exposures than shown ;nthjs,. Table are permissible if the
workers have been undergoing megical surveillance, and it has been established
that they are more tolerant to ~or~ in heat ~han the average worker. Workers
should not b~.permitted to continue their work when their deep body
temperature exceedsd 38. OOC.",. . .

~,

" ,



Sample
Date of

Time'.'of Sample
Volume

Job/Location . Sample 11 iters)

Enameler, Furnace #60 7/14/80 5:57p-1O:44p 430
II II #62 II 6:03p-10:46p .420

11- #53 : II 5:45p-10:56p 470
"

u" #49 ·11 6:07p-10:57p 430.. #55 II 5:47p-10:55p , 470
;... '\ '" #58. II 5:49p-10:49p 450

.. " \"", #57' , 7/15/80 5:53a-10:46a 440
Heater, ,Furnace. #56' ... 6:32a-10:44a 380
Ename ler

J

, .f.urn·ace #6'1;;·' .";':"" 6:06a-1O:48a 420
II ;r II,; :,#44 '.,'~:. 6:27a-10:35a 370
II .. #60, ,; '-,II 'r 5:57a-10:53a 440
II .. #58 - ~ II " 5:49a-10:47a. 450.. II #55 .11 5:45a-10:42a 450

Gen '1 Area, ..
Furnace', . #62: .11 6'; 18a-l 0: 54a '410

Enameler,; Furnace #61 : II 11 :50a-4:53p 450
II II' , #57 ' , .. 11 :44a-4:59p 470
II .. '#59 ;11 11:40a-4:57p 480
II .. #65

",. " :11 1l:55a-4:55p 450.. II '. ,,#62 . II 1l:51a-4:52p. 450.. , .... #5,6 . .. 11 35a-4: 56p 480
II II

..
'. #53 ;11 11 :30a-2: 40p 280

Table II

Air Sampling for Me~als

American Standard;" Inc
Louisville, Kentucky

HE 80-199

July 14 and 15, 1980 ~'

tead
Lead Concentration Chromium Iron Lithium

Type of Conc'entrat ion 8 hr. TWA Concentration Concentration ,Concent rat ion
Sample, " (ug/M3), 1!!.9LM3 ) (ug/M3 ) (ug/M3) ~~3)

Personal,' lob 75 ND ND 7
II 71 53 ND ND 2

103 77 ND 24 4
37 28 ND 23 ND

:26: 20 ND ND ND
·dOO, 75 ND 'ND ,4.. 32 24 30 35 ND

II 48 48 ND 42 ND.. 78 59 ND 17 ,2 ---II 65 49 ND, 13 ND, <::::>S\.
.. 83 62 ND ND 5... 98 ' 74 ND 11 9 :.
II 99 74 ND 14 ,5

Area 70 70 ND 12 ' 5
Personal 90 68 ND 13 2

II 43 32 55 49 2
112 84 ND 11 2
162 122 ND ND 4

II 62 47 ND 20 . 2
54 41 ND 15 2

II 81 61 ND ND ND

ND = Not Detectable"

NOTE:~ All tlieabovesamples'were also analyzed for ,antimony,cobalt, copper and titanium.
"T~ey were found to be below the detectable limits for these substances .

!.; •:; , ::..-. ~ 1 .
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Table'III

Air Sampling For Respirable Dust and Silica

American Standard, Inc.
Louisville, Kentucky

HE 80-199

July 14 and 15, 1980

JOB/LOCATION DATE OF TIME OF SAMPLE SAMPLE VOLUME RESPIRABLE
SAMPLE (1iters ) NUISANCE

DUST(mg/M3)

Enameler,Furnace #61 7/14/80 5:59p-10:45p 490 0.31

II II #46 II 6: 17p-ll :Olp 480 0.89

II II #47 II ' 6: 13p-11 :OOp 490 0.27

II II #56 II 5:49p-10:53p 520 1. 12

II II #53 7/15/80 6:21a-10:40a 440 2.45

II II #65 ,II 6:31a-10:55a 480 1.94

II II #49 II 6:24a-10:37a 430 0.37

II II #46 II 12:01p- 4:50p 490 0.83

II II #49 II 11: 27a- 1: 15p 180 0.22

II II #47 II 11:25a- 4:50p 550 0.25

II II #58 II 11 :47a- 4: SOp 500 1. 53

mg/M3 = milligrams of substance per cubic meter of air.

NOTE: All of the above are personal samples. Each sample was also
analyzed for quartz and cristobalite and found to be below the
limit of detection (0.03 mg/M3)~ , '

" I t f, .-' •• ,
'" J' - ,.



Table IV
Heat Stress Measurements
American Standard, Inc.

Louisville, Kentucky
HE 80-199

July 14, 1980

Location

Foreman's Office
Furnace #56, immediately behind enameler
Aisleway, 4' from an enameled tub just

removed from furnace
Furnace #58, 4' behind enameler
Furnace #60, 3' behind enameler
Furnace #60, enameler's chest zone

II "

Furnace #56
" II

II ..

Furnace #58
.. "
.. II

" II

July 15, 1980
Foreman's office
4' from a recently finished bathtub

Time

6:30p
6: 40p
6:55p

8:45p
8:55p
9:l5p
9:l8p
9: 30p
9:3lp
9:33p
9:40p
9: 44p
9:47p
9:49p

8:25a
8: 4la

wet Bulb Globe
Temperature

67
102
108

88
86

116
114
118
115
114
105
103

99
99

68
102

Furnace #59, enameler's chest zone

" II " " "
" " " II "
" " " II "

Furnace #56, enameler's chest zone
II " " wrist "
" II II chest "
" II II " "
" " " II II

" " " " "

Outside of plant, near foreman's office
Aisleway in front of furnace #56
Furnace #56, Enameler's chest zone

Face measurement of man-cooler at furnace
iSS 1/2

Washroom in enameling department

Furnace #59

II

"
II

"

II

"

"
II

II

II

"

"
"
n

II

II

II

"
II

"

II

"

II

"
"
II

II

II

8:'52a
8:54a
9:00a
9:03a
9:05a

9:l2a
9:l2a
9:22a
9: 25a
9:27a
9:30a

l2:0lp
4: 20p
4:23p
4: 26p
4:30p
4: 35p

4:38p
4:40p
4:45p

5:l0p

108
99

III
112
103

113
150
119
109
115
120

90
95

125
114
107
118

110
113

84

97
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Table V

Heat Stress Me.asurements Time-Weighted WBGT Values

American Standard, Inc.
Louisville, Kentucky

·HE 80-199

September 23-24, 1980

Time-weighted
Job Title Date Sampling Time WBGT (oF)

Enameler, Furnace #56 9/23/80 12:30p- 1:15p 86

Heater, Furnace #56 II 12: 30p- 1:15p 79

Enameler, Furnace #58 II 2:05p- 3:00p 93

Enameler, Furnace #59 " 2: OOp- 4:00p 102

Enameler, Furnace #60 9/24/80 7:22a-10:54a 89



Table VI
Compare Employees with Elevated Blood Lead to All Other Enamelers.

AMERICAN STANDARD INCORPORATED
LOUISVILLE, KENTUCKY

SEPTEMBER 22-24, 1980

Enamelers Enamelers with
with t Pb Normal Pb

(n == 8) (n::: 45)
Race 7W 18 43W 18
Sex All Male 44M IF- "

Age (yrs)
Range 26 -54 23 - 61
Mean 42. 1 39.2

Current Job (yrs)'
Range 5 - 33 1 - 34
Mean 21. 1 13.4
S.D. 12.5 10.14

t ::: 1. 92
0.5 < p < 0.6

# % # %

Eat at Work 6 75.0% 25 55.6%
Wash Before 3 50.0% 10 40.0%
Drink at Work 8 100.0% 45 100.0%
Wash Before 1 12.5% 3 6.7%
Smoke (cigarettes) 6 75.0% 33 73.3%
Smoke at Work 6 75.0% 32 71. 1%
Wash Before 0 0
Other Exposure* 1 12.5% 6 13.3%
Examination

DTR 6 75.0% 16 35.5%
Tremor 6 75.0% 22 48.9%

p value
(Fisheris Exact Test)

0.27
0.50
0.99
0.49
0.65
0.60

0.72

0.08
O. 16

1I0ther Exposure" included non work-related exposures such as soldering, melting
bullets, and drinking home-made whiskey.



Table VII
AMERICAN STANDARD INCORPORATED

LOUISVILLE, KENTUCKY
SEPT~ER 22'::'24-~ -1980

Each symptom was counted once if it was reported by an employee in either
August or September, and it was counted twice if it was reported by an
employee in both August and September.



· ::.;; ..



· ~ r _'.

Table IX

AMERICAN STANDARD INCORPORATED
LOUISVILLE, KENTUCKY

'SEPTEMBER 22-24, 1980

Symptom Prevalence in Different Groups of Employees.

Employee
Group

Symptoms Reported

Total (per person)

Total
(n = 122)

Enamelers
~5 y/o

(n = 6)

Non-Enamelers
~5 y/o

(n = 12)

Enamelers
with t Pb

(n = 8)

Enamelers 26-54 y/o
with Normal Pb

(n = 32)

Non-Enamelers 26-54 y/o ­
with Normal Pb

(n = 44)

594

56

73

44

168

230

(4.9)

(8.0)

(6.1)

(5.5)

(5.3)

(5.2)

Enamelers 6 (1. 0)

~25 y/o
(n = 6)

Non-Enamelers 13 (1. 5) " ~

~25 y/o
(n = 13)



.Table X

AMERICAN STANDARD INCORPORATED
LOUISVILLE, KENTUCKY

SEPTEMBER 22-24, 19~O

Most Common Symptoms in Different Employee Groups*

Total
(n = 122)

1. Unusually Tired
2. Trouble Sleeping
3. Musc Ie Cr amps

Enamelers with t Pb
(n = 8)

1. Unusually Tired
1. Musc Ie Cr amps
1. Muscle Weakness

Enamelers 26-54y/o
with Normal Pb (n = 32)

1. Musc Ie Cr amps
2. Unusually Tired
3. Trouble Sleeping

Enamelers <25 y/o
(n = 6)

1. Headache
2. Muscle Cramps
2. Muscle Weakness
2. Tremor
2. Trouble Sleeping

All.Enamelers with
Normal Pb (n = 45)

1. Unusally Tired
1. Muscle Cramps
2. Trouble Sleeping
3. Headache

Enamelers >55 y/o
(n = 7)

1. Unusually Tired
2. Trouble Sleeping
2. Headache
2. Nausea

Non-Enamelers 26-54 y/o
(n = 44)

1. Unusually Tired
2. Trouble Sleeping
3. Musc Ie Cr amps
3. Headache-

Non-Enamelers <25 y/o
(n = 13)

1. Weight Loss
2. Unusually Tired
3. Trouble Sleeping

All Non-Enamelers
(n = 69) - -

1. Trouble Sleeping
2. Unusually Ti,red
3. Muscle Cramps

Non-Enamelers ~55y/o

(n = 12)

1. Trouble Sleeping
2. Musc],e Cramps
2. Poor Appetite

*Symptoms are listed in order of frequency. Two or more symptoms reported in
equal frequency by a group are given the same numerical listing.



APPENDIX A

Heat Stress Measurements

American Standard, Inc.
Louisville, Kentucky

HE 80-199

September 23, 1980

Sample Wet Bulb Globe
Location Time Temperature (oF)

Furnace #56 enameling station, enameler 's side l2:30p 99
II II II II II II 12:45p 89
II II II II II " l:Olp 92
II " " " " " 1:15p 95

Furnace #56 enameling station, heater's side l2:30p 103
" " " " II II l2:45p 90
" " " " " II l:Olp 98
" " II " " " 1:15p 98

Aisleway in front of furnace #56 1:45p 74

" " " " " II 1:55p 74

Furnace #58 enameling station, enameler 's side 2:05p 101

" II " II " " 2:15p 101

" II II " " " 2:33p 104
II " " " II II 2:50p 103
II " " II " " 3:00p 99



APPENDIX B

Summary of Strip Chart Recordings of WBGT at
Furnace' #59' from 2:00"';4:00 p.m.

American Standard~ Inc.
Louisville, Kentucky

HE 80-199

September 23, .1980

Average Wet Bulb % of Time at
Activity· . Globe Temperature(o~ ,The Activity

1st C~ating of Enamel 124 22.1

2nd Coating of Enamel 112 18.9

3rd Coating of Enamel 107 11.4

Tr irnrning Bath tub 104 8.7

Preparing Bathtubs at 82 39.0
Workbench

NOTE:' ,Average WBGT is 1020 F from '2:00-4:00 for enameler at furnace #59.



APPENDIX I

DEPARTMENT OF HEALTH AND HUMAN SERVICES
PUBLIC HEALTH SERVICE

CENTER FOR OISEASE CONTROL
ATLANTA. GEORGIA JOJJ3

Thank you for your recent inquiry regarding Legionnaires' disease.

In 19 outbreaks of legionellosis (Legionnaires' disease or Pontiac fever)
investigated by staff of the Center for Disease Control (CDC), evidence
has been found in 4 that cooling to~ers or evaporative condensers from
air-conditioning systems may have disseminated bacteria and caused the
outbreaks. Three outbreaks clearly ~ere not related to air-conditioning
systems; they occurred in areas that ~ere not air conditioned. The role
of air-conditioning systems ~n the other outbreaks is unknown. oNo associa­
tion has been found bet~een the occurrence of sporadic cases of Legionnaires'
disease (unassociateci ~ith outbreaks) and direct occupational exposure to
air-conditioning cooling to~ers or evaporative condensers nor has an
association been found between legionellosis and air-conditioning systems
that have no cooling to~er or evaporative condenser. Although much remains
to be learned, it seems that air-conditioning cooling to~ers and evaporative
condensers may be an important source for some, but not all, outbreaks of
legionOellosis and may possibly be responsible for some sporadic cases.

The techniques for demonstrating tnat an air-conditioning cooling tower
or evaporative condenser contains the Legionnaires' disease bacterium
(Legionella pneumonhila) are slow and complex. Water samples are examined
by immunofluorescence microscopy and inoculated into guinea pigs and embryo­
nated eggs and then onto agar media. Using these techniques, ~. pneu~oohila

has been recovered from several cooling towers, including some associated
and some not associated ~ith outbreaks. The fact that the bacterium is
found in an air-conditioning cooling tower or evaporative condenser does
not indicate per se that the air-conditioning system is responsible for
disease. Because cooling towers and evaporative condens'ers are efficient
"scrubbers" of air and because 1:.. pneumophila is spread through the air,
it may be possible for air-conditioning cooling towers or evaporative
condensers to collect the bacterium passively from the air •

. ,As a, first step in determining ~hether preventive maintenance or deco.ntamination
·of·a1.r-cond1.tioning cooling towers or evaporative condensers might be effective
1n preventing cases of Legionn3ires' disease or Pontiac fever, we had to .
determirie ~hat available chemic~:l agents were effective' against L. pneumoohi13.
-:0' ;:~ :--., .~) ? ~ ¥ --: "
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To this end, representatives of CDC met on October 3, 1978 with representa­
tives from the United States Environmental Protection Agency (EPA) and the
American Society of Heating, Refrigerating, and Air-Conditioning Engineers
(ASHRAE). Six classes of EPA-registered disinfectants were identified which
might be useful against the bacterium. Representatives of these 6 classes--
a chlorinated phenol, a quaternary ammonium, an isothiazolin, a dithiocarbamate,
2, 2-dibromo-3-nitrilopropionamide, and calcium hypochlorite--have been tested
in a CDC laboratory for their effect on ~. pneumophila. Fixed concentrations
of ~. pneumophila were exposed in hypochlorite-free, sterile tap water to
several concentrations of each compound; aliquots of this water were then
inoculated at various time periods on artificial media and in yolk sacs of
embryonated eggs for growth of ~' pneumophila. A compound with 50% didecy1
dimethyl ammonium 'chloride (a' quaternary' ammonium compound), 20% isopropanol,
and 30% inert ingredients was effective at concentrations of 70, 140, and 630 ppm,
respectively, 'in preventing 'recovery of 1. pneumophi1a from a1iquots of water
taken after 3, 6, 24, and 168 hours' exposure. Calcium hypochlorite and 2,
2-dibromo-3-nitrilopropionamide also appeared effective, but testing is not
complete. The other 3 compounds appeared to be less rapidly effective in
inhibiting recovery of 1. pneumophila in laboratory tests.

These studies have identified certain· commercially available water disinfectants
t~at are being or will be tested for their ability to decontaminate evaporative
condensers and cooling towers implicated in the transmission of ~. pneumophila.
However, the efficacy of any such decontamination procedures in actually
inhibiting growth of ~' pneumophila in cooling tower or evaporative condenser
water and preventing transmission of the organism remains to be demonstrated.

These findings'also do not address the problem-of long-term preventive maintenance
of evaporative condensers and cooling towers. Although CDC, EPA, ASHRAE, and
the Cooling Tower Institute advise that routine preventive maintenance measures
may be effective in controlling slime, scale, algae, and bacterial growth in
such air-conditioning units, they have no information about the utility of such
procedures in preventing legionellosis.

Sincerely yours,

.• ~¢)&ud~
eSpecial Pathogens .Branch
~~cterial Diseases Division
Bur,eau of Epidemiology

Suggested reading:

1. Mill~r_:-R:r_.·:,(c6oJi~'g'i()~~r~·~nd,·~,j~poratiyecohdensel"~.;'Aim Intern Med 1979;
90:'.66i-70.'·" "., ...

. ~·.f·, "~' ',~'" "t;' .;;.,.,:> ::~"''''l:';: .; I'"' _:""',i.J'.. ',-. ~'. ~.~

2. Morr:J:s GK, .Pa·tto~F CM,. Feeley JC';~;Johnson SE" -Gorman, G.~I.:lrtin· WT, Skaliy.P,
~~llison GF, Politi BD, }~ckel DC. Isolation of the Legionnaires' disease
bacterium from environmental samples. Ann Intern }Ied 1979;90:664-6.

"



I. RECOMMENDATIONS FOR A STANDARD FOR WORK IN HOT ENVIRONMENTS

The National Institute for 9ccupationa1 Safety and Health (NIOSH),

recommends that employee exposure to heat in the workplace be.contro11ed

by requiri~g comp1ia~ce with the work practice standard set forth in the

following sections. Adherence to the precautiopary procedures prescribed will

prevent acute or chronic heat disorders and illnesses and heat induced

unsafe acts, and will reduce the risk of, harmful effects due to the

interactions between excessive heat and toxic chemicals and physical

agents. The standard is amenable to techniques that are valid,

reproducible, and presently available. It will be reviewed and revised

as necessary.

Section 1 - Definitions

(a) Acclimatization to heat means a series of physiological and

psychological adjustments that occur in an individual during his first

week of exposure to a hot environment so that thereafter the individual

is capable of working in a hot environment .without excessive strain.

(b) Unimpaired mental performance means the ability of an

employee to cope with conditions where safety and health depend on

constant alertness because he has to make critical decisions, fine

discriminations, or fast and skillful actions.

(c) . Intermittent heat exposure means exposure to hot environmental

1-1



conditions whicn continues no longer than'fifteen minutes without an

interrupting interval spent either' spontaneously or according to a,

prescribed schedule ina cooler environment.

(d) Continuous heat exposure means any exposure to hot environ­

mental conditions which is not an intermittent exposure.

(e) 'Hot environmental condition means any combination of air

temperature, humidity, radiation and wind speed that exceeds a Wet Bulb

Globe Temperature (WBGT) of 79°F.

Sectio~_2 - Applicability

The provisions of this standard are applicable to all places of

employment, indoors and outdoors, and to all employees except those

who are required to wear impermeable protective clothing.

Section 3 ~ Work Practices

(a) For sedentary jobs where continuous unimpaired mental

performance is required, no employee shall 'be exposed to conditions

which exceed the limits set forth in Figure I-I.

(b) No employee should be permitted to work without protective

observation at high heat stress levels.

(c) When exposure of an employee is continuous for one hour or

intermittent for a period of two hours and the time-weighted average

WBGT exceeds 79°F'for men or 76°pfor women, then anyone or combination

of the following practices shall be initiated to insure that the

employee's body care temperature does not exceed lOO.4°F:

1-2
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(i) Acclimatization

(1) Unacclimatized employees shall be acclimatized over a

period of 6 days. The acclimatization schedule shall begin with 50

percent of the anticipated total work load and time exposure on the

first day, followed by daily 10 percent increments building up 100

percent total exposure on the sixth day.

(2) ~egular acclimatized employees who return from nine
,.

or more consecutive calendar days of leave, shall undergo a four day

acclimatization period. The acclimatization schedule shall begin with

50 percent of. the anticipated total exposure on the first day, followed

by daily 20 percent increments building up to 100 percent total

exposure on the fourth day.

(3) Regular acclimatized employees who return from four

consecutive days of illness should have medical permission to return to

the job, and should undergo a four day re-acclimatization period as

defined in (2) above.

(ii) A work and rest regimen shall be implemented to reduce the

peaks of physiological strain and to improve recovery during rest

periods.

(iii) The total work load shall be evenly dtstributed over the

entire work day when possible.

(iv) When possible hot jobs shall be scheduled for the coolest

part of the work shift.
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(v) Regular breaks, cotisistingas a minimum of one every hour,

shall be prescribed for employees to get water and replacement salt •...

The employer shall· provide a minimUm« ,of 8 qua,rts of cool potable

0.1 percent salted drinking water or a minimum of 8 quarts of cool

potable water and salt tablets per man per shift •• The water supply

shall be located as near as possible to the position where :the

employee is regularly engaged in work, but never further than 200

feet* therefrom.

(vi) Appropriate protective clothing'and equipment shall be

provided and used.

(vii) Engineering controls to reduce the environmental heat load

shall be utilized.

Section 4 - Environmental Measurements

(a) The WBGT index used as the parameter in determining. the

environmental conditions for implementation of work practices shall

be calculated by the following equations:

. For indoor exposure, or outdoor exposure with no solar load:

WBGT = 0.7 WB + 0.3 GT

For outdoor sunlit exposure:

WBGT = 0.7 WB + 0.2 GT + 0.1 DB,

where WB = the natural wet-bulb temperature obtained with

a wetted sensor exposed to the natu~al ·ai~ movement

(unaspirated)

GT = globe thermometer ,temperaturE!

DB = dry-bulb temperature

*Except where a variance had been granted.
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(b) The time-weightedaverage'WBGT shall be determined by the

equation:

Av. WBGT = (WBGTI) x (tl) + (WBGT2) x (t2) + --- (WBGTn) x (tn)

(tl) + (t2) + -------------- (tn)

where WBGTI' WBGTt, WBGTn , are ,calculated values of

WBGT for the various work and rest areas occupied during

total time period; tl' t2' t n are the elapsed-times in

minutes spent in the corresponding areas which are,

determined by a time study.

(i) Where exposure to environmental conditions is continuous

for several hours or the entire work. day, the WBGT shall be calculated

as an hourly time-weighted-average.

(ii) Where exposure is intermi~tent, the WBGT shall be

calculated asa two-hour time-weighted average.

Section 5 - Medical

(a) All employees who are 45 years of age and older andcwho have

not had previous occupational exposure to' heat shall not be assigned

to jobs where the environmental conditions equal or, exceed 79°F WBGT

for men and 76 of WBGT for women, until they are. acclimatized •..

(b) All personnel who are to be assigned-tohot jobs for ~he first

time shall be; evaluated by a physician" prior to. assignment - to assure that

the individual::carttope'withthe hot environment •. In the examination

special emphasis should be on the cardiovascular, renal,: hepatic,

endocrine, and respiratory: system ,and theskin~The examination should

:,;,i,}l,'

"' "f:r·;5;~"
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also include a complete medical history of the worker with specific

emphasis on previous heat-related disorders or illnesses.

(e) All employees exposed to hot environmental conditions should

be given a periodic physical examination every 2 years for employees

under age 45 t and every year for employees 45 years of age or older t

that should include all components of the preplacement examination.··

(d) There shall be a person available during working hours t who

shall have had first aid training in recognizing the signs and symptoms

of any heat disorder or illness.

Section 6 - Apprisal ·of Employees of Hazards from Exposure to Excessive

Heat

Each employee who may be exposed to environmental conditions that

exeeed the prescribed limits shall be given training in health and

safety procedures through a program that shall include the follOWing

as a minimum:

(a) Information as to water intake for replacement purposes.

(b) Information as to salt replacement.

(c) Importance of weighing each day before and after the day's

work.

(d) Instruction on how to recognize the symptoms of heat disorders

and illnesses t including dehydration t exhaustion t heat syncope t heat

crampSt salt deficiency exhaustion t prickly heat t and heat stroke.
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(e) Information as to special caution that shall be exercised in

situations where employees are exposed to toxic agents and/or other

stressful physical agents which may be present in addition to and

simultaneously with heat.

(f) Information concerning heat acclimatization. The information

shall be kept on file and readily accessible to the worker at all

places of employment where he may be exposed to excessive heat.

Section 7 - Warning Sign

The following warning sign shall be appropriately located at one

or more places to be noticed by anyone entering an area where

environmental conditions are 86°F WBGT or above.

WARNING

HEAT STRESS AREA

Section 8 - Monitoring

(a) A WBGT profile shall be established for each work place for

winter and swmner seasons to se.rve as a ,guide for deciding when work

practices ,shall be in~tiated to conf?rm with the requirements of the

standard. The first profile shall be established within 3 months

of the .effective date of this standard.

(b) After ..the WBGT profiles have been established, monitoring

shall be conducted once during July and August of each year.
, ' . -" . '. ' .'

Section 9 - Recordkeeping

(a) The following records shall be maintained:



(i)

(ii)

(iii)

Medical records for each employee.

Records of acclimatization as required by Section 3(c)(i).

Records of the WBGT for each work area as specified in

Section 8.

(b) Records required by provisions (i) and (ii) above shall be

maintained for a period of the employee's employment and for one year

thereafter.

(c) Records of the WBGT as specified in (iii) above shall be

maintained for a period determined by the Secretary of Labor with

consultation with the Secretary of Health, Education, and Welfare.
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16. Abm'Kt (Umlt: 200 -at»
'On July 8, 1980, the National Institute for Occupational Safety and Health (NIOSH) received
a request for a Health Hazard Evaluation from employees at American Standard, Incorporated,
Louisville, Kentucky. The requestors were concerned about the enameling department where
employees coat bathtubs and sinks with enameling powder, then bake the enamel in furnaces.
Symptoms included nausea, vomiting, chills, and difficulties in eating. The requestor was
also concerned that the man-coolers used in the enameling department had been associated
with outbreaks of Legionnaires Disease. The NIOSH investigation was conducted on July 14
to 16, 1980, and on September 22 to 24, 1980. Personal and general area air measurements
were made for metal fumes, respirable dust and silica, carbon mono_xfde, and heat stress.
Medi cal questi onnai res were admi ni stered and blood sampl es for )e'ad analysi s were
obtained. The clinical presentation of employee symptoms was/not typical of legionellosis,
and there is no evidence that any particular type of,a_i-r conditioning system 1s more likely
than o1=h~rs to di ssemi nate Legi onella__pne.umoph-i-la"-bacteri a and contri bute to outbreak s of
1egionell osi s. Symptoms suggested- that the pri nci pal cause of employee symptoms was the
extremely hot working 'environment. Elevated lead levels in the department had contributed
to increased blood lead in some long-term enamelers. Heat stress was a significant problem

liand may have been the major cause of symptoms among employees in the department.
-Recommendations for control and monitoring of excessive lead levels and for amelioration of
symptoms due to heat stress are contained in the body of the full report. -
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