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PURPOSE:: AND' SCOPE' 

The purpose· of this study is to examine the association 

between exposures to the primary petroleum solvents used in 

commercial. dry cleaninq plants' and the distribution of 

causes ot death by pr.oportionate mortality ratios; (PMRs) and 

standardized Mortality' ratios (SMRs). amonq those' exposed. 

The population- of interest. is all. white· mal.es:, id~ntified' as. 

beinq owners. and/or operators. of. commercial. dry cleaning. 

plants tor qreater than· one: year in' the: State· of Oklahoma 

between 19'4~ and I.98S.~ 

The followinq research.: questions, will be addressed .. 

I. Is· there· any' difference in the distribution of 

causes· of' death. amonq: owners and/or operators. of commercial. 

dry cleaninq, plants when compared to' deaths occurring. in' 

all united states white males: between 1950: and 1.985,. matched. 

by age group' and' calender period? 

Z. What. is the'. influence,. if any, of known' petroleum 

solvent exposures and durations of exposure: on the age and 

time specific. distribution' of causes of death by PMRs. and 

SMRs in, this· population? 

98 
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To achieve- the research obj ecti ve, the following 

tasks will be completed: 

1. Categorize each commercial dry cleaning plant 

licensed in the state of Oklahoma. between 1941 and 1983, by 

solvent use over timer 

2.. :Identify a. cohort of Oklahoma dry cleaning plant 

owners' and/or operators with. known, solvent. exposures and 
., 

durations; of exposure greater than one: year, occurring 

between 1941 and 1985, 

3. Amonq- this. cohort, determine the PMRs and SMRs for 

al.l. major cateqories of' deaths occurring between 1941-1985 

to include overall. cancer,. and'. selected' site:-specific 

cancers-, and 

~. Eatimata latency in appropriate cancer sites like 

renal call carcinoma, .. 

5.. Cal.c:u1ate the approximate: 
\ 

power to . detect a 

significant excess in proportionate mortal tty· at each ··of--..the 

site-specif.ic. cancer causes· of death· •. 

6 .... Identify high. risk subqroup~ for future 
\ 

measurements. of' actuaI exposure: levels,. non 'fatal acute and-
I 

I 
chronic e·ffects.· of the'. human kidney, and. effects on: 

reproductive outcome· related to exposure to petroleum on 

synthetic solvents among. Oklahoma· dry c'leaners, and 

7.. Prepare a f.inal report of the findings, analyses, 

and recommendations, resulting from the study. 





Mater ial. s 

The- major data resources, materia~s,- and tools; utilized 

in the conduct of this cancer mortality study were derived 

from three sources which inc~ude' (a) the Oklahoma. State Dry 

Cleaners- Board, (b) the Oklahoma: Association. of Dry 

Cleaners., and. (c') other sources:... A. listing. of: these· 

resources can. be found in Table 10'. 

The. State of Oklahoma Dry Cleaners Board· 

The: University of Oklahoma developed a stronq workinq 

relationship w.ith tha Oklahoma Cry Cleaners· Board beginning 

. in 1979.. The Board~ was very supportive- of this. research, 

and mad'e ava·ilable office· space and access to' a·ll. helpful 

data resources·. 

Initial.. and annual licence apPlications, 1941 - 1985. 

The prima·ry data source for the' identification of dry 

cleaning. plant owners' and/or operators consists o:f approxi-

mately 60, 000. initial and- yearly' renewal license applica-

tions, and transfers of' ownership. These applications begin 

in' ~94i" were' stored in 1.-10. year groupings., and. were sorted 

~oo 





" 

101 

TABLE' 10 

DATA RESOURCES 

A_ state Dry' Cleaners Board 

L. License Applications 
2. - Plant Inspections· 
! . Minimum Price Transcripts 
4,. Past Court Cases' and Violations 
5.. Weekly Activity Reports 
6. Minutes of Board Meetings 
7 • Industry- SUlDJIlaLries-
8 •. Mailinq List 
9. IFI Technical Bulletins 

10.. SpeciaI Purpose Lists. and Reports 
11.,' . current and Past Executive Secretary 

8. Oklahoma· Association of Dry Cleaners· (OAD) 

1.. The OAD' Bulletin 
2. Membership Lists· 
3;.. current Executive Secretary 

c:. Other Resources: 

I. ' .. 
2'. 
l. 
4:. 
5. 
6:. 
T. 
8- .. 

9: •. 
10. 
lL .. 
12. 

13. 
~4·., 

15., 

The Oltlahoma State, Health Departmant Death 
Certificates and Limited Tapes 

Oklahoma, County Cleaners Association 
Insurance Company Records 
Textile Maintenance, Reporter-
Veteran "s Administration" - Patient Data Cards 
Oklahoma Dry Cleaners 
T'e-lephone Directories (Libraries) 
Criss-cross and PO'lk Directories (Oklahoma 

Historical Society) 
Newspaper Obituaries (Library) 
Funeral }fomes - Nursin~ Homes' - Hospitals 
Other businesses: (ex Chamber of Commerce) 
Word of Mouth - Relatives, Previous: owners', 

Friends, and Neighbors' 
Returned Questionnaires 
County Court House Probate Files 
voter Registration Tapes 
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alphabetically by city and business name. Six revisions of 

the initial. application, and nine revisions of the annual 

renewal form have- been used. Examples of each original and 

revised form are available at Appendices- 0 and E. The major 

data items available- are: business name, address, name- and 

race of owner and/o~ operator, previous' dry cleaning experi­

ance~. and- solvent utilized.- Of critical siqnificance was 
J 

the absence of information on, date of birth, race and social 

security number. 

:Initia-l and annual. plant ~ons .. 

Beqinning in the late 1940 "s,_ all: new plants were given, 

an' initial health,- safety,. and fire inspection- by the field 

man- working:- for the- State Dry Cleaners- Board.. The. form used 

for inspectio~ of petro~eum solvent plants and the one for 

synthetic so-tven~ plants- have had few revisions-, and are-

avai~able at Appendix. F' • ""Tnis data source- provides: for- the 
, -, 
I • 

I 
verifi.cation of solvent used,. chanqes in solvent category, 

and notes the Corvers-ion of 

-early 1.970' s- an -\abbreviated 
I 

/ 
for annual reinspections .-

aqencies- tOe plants. g-ince the 

inspection f-orm has been: used-
- -._-. 

Iti.nimum: price transcriptsc 194.6 - 1976-.. 

The proceedings of 143 minimum price hearings have- been_ 

archiVed.. A typicaT proceeding includes a petition signed 

by 75. per cent of- the dry cleaners in a county, and: a tran-

script of the pubLic- hearing in_ which owner name-, bus'iness, 

and total years- of dry cleaning experience. of those l_icense 
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holders who testified' are routinely elicited. In addition, 

the certified mail receipts for price regulations sent to 

and signed by all dry cleaners within the county have been 

preserved .. 

Past court cases and' violatioDS', 194'1 - 1985. 

Transcripts of, courtroom proceedings against individual 

owners. have been archived' and provide supplemental informa,-
oJ 

tion reqardinq plant ownership and the full legal name of 

the owner. 

Week1y activity'reports, 1960 -, 1985. 

Snmmaries 0.£ businesses and owners visited and inspect-

ed by the field man, on a' yearly basis provide an additiona~ 

source of verification: of owner and/or operator name .. 

Kinutes of the· Board meetings, 1941 - 1985,. 

These, minutes of monthly Board meeting- include the· 

approval of plans: and drawings for all new plants- and: speci­

fy the so~vent type to, be used in the proposed: plants. 

Dry eleanjnq industry su:mmaries, 1960' - 1984. 

'Detailed reports' are available of yearly business vol-

umes-, number of plants,_ agencies. and, coin~ops, and number of 

family and, non-family employees.,. by county", 

current and past mailinq lists: .. 

,The current' and past mailing lists- maintained by the 

Board" specify the owne·rs, category and longevity of 

businesses- as well as current (or past) solvent(s) in use. 
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IFI tech" j cal bulletins. 

The yearly' "Approved Solvents" bulletin,' published by 

the IFI, helps to categorize solvents which were specified 

only by brand name· on the licensure application. 

speciiU purpose· lists, and reports 0 

A col~ection of listings of plants by solvent use (i.e. 

perchloroethyl~e) at various times- to.: meet special. adminis.­

trative· or leqa!. necessities-. 

Executive secretary. 

The, executive' secretary, John Dinwiddie, had worked for 

the Board', from 1.9-79· to 198-5, and had' been active in' Oklahoma 

dry cleaninq since· 1925. HiS' predecessor, Frank Olney" is a 

local resident who was the. Executive Secretary from 1957 to 

1979:,. Both men are. invaluable resources to: improve and' 

verify the' plant and name . data being collected .. 

The Oklahoma Association of Dry Cleaners 

The Oklahoma Association of Dry Cleaners (OAD) has, 

encouraged and supported this research, making available 

the-ir historical. files and records,. and authorizinq access­

to insurance company data. 

The- OAD' BuIletin-.. 

The OAD Bulletin has' been the official publication of 

the' OAD' since 1955. Approximately 93 per cent of all month­

ly issues have' been recovered. These bulletins provide an 

important source of sex'and race data, announce changes in 
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ownership, sol vent use, and machinery, and routinely 

publishs newsworthy items of interest as well as obituaries 

for deaths occurrinq. amonq. present or past Oklahoma dry 

cleaners. 

OAD state membership' lists, 1951 - 198¢. 

OAD- executi va- secretary.-

The curran~ executive secretary, Dorothy Bennett, has 

served in" this position since 1960, and is an invaluable 

source of information and verification of data reqarding. the­

vital- status. of Oklahoma dry' cleaners. 

other resources·-

The Oklahoma state· Health Department .. 

The Oklahoma state Health. Department is- the official 

agency responsible for the co'lleetion and tabulation. of 

vital. statistics in Oklahoma.. Notices. of death are· sent to 

the. Hea-l.th Department as certificates from the- funeral 

c.tirector in charge of the disposition of the body' of the 

deceased.. They are r.eceived in the Office or Vital Records 

where, they are' numbered';· sorted by county and name, and 

placed in· permanent. binders~.. The certificates: are- coded· on 

a monthly basis; by a trained nosolog.ist. The- coded items 

in~lude- sex, race, city and county of residenca and death, 

and the cause or death. coded according to the international 

classification of disease- (reO) revis'ion in force at the 

time of death.. These· coded death certificates are, key 
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punched and a computer tape updated monthly. computer tapes 

of deaths occurring in Oklahoma· by year, are avai.lable with­

in. the· state Health Department for the years 1950 through. 

1964, and from 1975· through the present year. Machine. read­

able death certificate data whicn include the cause of death 

ara unavailable. for the years 1965: through. 1974. A database-

conta'ining: the -,name of the deceased,. the date- of death, 

county of death, and death certificate number is· availab.le 

to State Health Department Personnel in order to search for 

and retrieve the original copies of death certificates' .. 

This abbreviated' data' base is- available- for all deaths 

occurring: after 1950'.. Cop·ies of uncensored death tapes' are 

available within' the College of Public. Health for research 

purposes only and' include- the years 1950 through 1964, and. 

the years, 1981 and 1982 .. ' It is from these death certificate 

abstrac~',- on tape,. or from copies of original death 
'--

certif:icates, that the cause of death: data for' cohort 

was. obtained for use in this' study .. r ers 

\ Ok.I.ahoma: County Cleaners and Dyers. Association .. 

I Newsle.tters. and. membership; lists are- available which 

reflect the- membership. and activities of' this former county: 

association' from 1956 to 1981 •. 

Insurance company records. 

The insurance company which had been the. major- provider 

of OAD group health and life insurance was contacted. and 



, 
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released all death benefit claims from 1962 to 1974, all 

insurance claims. from 1975 to 1979, and historical listings 

of all OAD holders, of any policy type. These' resources pro­

vide a ~uable· source of date of birth -information. 

Text:i~e Maintenance Reporter, 1959> - 1983 .. 

The: .. TextUe Maintenance Reporter is a monthly publica­

tion servinq the· Southwest with information and articles of 
J' 

interest and benefit to the dry cleaning and' laundry indus-

try.. Each monthl.y issue contains· an "In Memoriam" column 

which list deaths. of dry cleaners. occurring in Oklahoma, 

Texas ,_ New Mexico or Louisiana· and is. supported by an exten-

siva, surveil~ance network of newspaper clippinq services' and 

trade associations. 

Veterans· administration. hospital .. 

Access has been. qranted to the patient data carda of 

eliqibla veterans, who have. been' treated at the Oklahoma City 

Veteran. Administration Medical Center.. These' cards· are 

available on all. e1iqible veterans· treated since- 195:0 and 

contain basic· d'emoqragb.ic data' from which' to. determine 

veteran' eliqibility and are often annotated with the date of 

death for those veterans: dying, durinq their in-patient stay~ 

The Oklahoma Dry Cleaner ~ 

The· Oklahoma Dry Cleaner was' a weekly trade newspaper 

published between. 1947 and. 1964.. It emphasized news', 1egis-

lation, and. sccial events of int'erest to. the Oklahoma dry 
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cleaninq industry. Despite an intensive search, very few 

issues of this periodical have been recovered to date. 

Telephone Directories. 

Some people in the- cohort were. found in telephone 

directories. in their last known. place- of' business.. We also· 

used te·lephone directories- to' look uprelati ves, co-owners 

listed on licenses,. ancl people- with the same. la'st name. The 
J 

directories were also useful in contactinq neighbors of 

peop'le beinq searched for e We I ve also cal led- certain 

bus·inesses in, that area: that were, at the· same location for a· 

lonq period_ of time. 

criss~ss, Directories and PoLk Directories. 

Located at the Hea~tlt Science Center and TUlsa 

Libraries- and- the OJdahoma Historical Society; e' These were 

an excellent source- of l,ocatinq names of people'. The Criss \ 

Cross and polk d-irectories provided- information such as a_ 

first name (when we had on~y' an: initial) and we were able to­

obtain: a: place of employment or' occupation, house~ address, 

the- spouses- name, the last. year the person. lived, in' that 

town,. whether they- lived in a, house. or apartment, and 

approximately when'- they died. 

FUnera·~ Homes. 

calling Funeral_ Homes was,· a very good source of exact 

dates of death of people'- who were suspected· dead.. We had 

received the "ye-llo'W book" which is a book of all the 
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Funeral Home addresses, counties and phone numbers. The 

Funeral. Homes were called when we received info·rmation from 

family members or friends that a: cohort members had died. 

All of the' Funera~ Homes needed an approximate year of death 

and most were very cooperative. in searc~ing the: information 

needed-. 

Nursing Homes .-

The- Nursing. Homes were only contacted' when we received 

information that- a particular cohort member was living in 

the- facility. Some were cooperative in. giving: dates· of 

birth.. Most people in Nursinq Homes. were listed non­

participants .. 

BospitaIs •. 

Some Hospitals' were. called the. Medical Records 

Department provided information on dates. of death. They 

were- helpful;_ in. looking: up expired patients~ dates of death 

provided we had at least the year of death. 

Word' of Kauth. 

The. most successful method. of f.indinq people' was· by 

leads, from word of- mouth from- relatives, previous owners,.. 

friends',. and neighbors. Some were cooperative in giving 

information- like cohort members: moving, from town to- town,! 

enabling: us- to look for them: in area wide_ telepnone 

listings.. However, from that point. contact was-· a. little 

more difficult. The Funeral Home was contacted, then a 
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request was made and if we were lucky the death certificate 

was found. A lot of time was spent on the telephone 

contacting people and logging in information. Personal 

contact was,' better received. than a phone call, but of 

course,',- an. exhaustive. search in this manner would be, very 

expensive. Usually a, visit was made to the loca~ funeral 

homes,.. then: the currently operating: cleaners in, the area. A 

list of unl.ocated persons for the N". E., quarter of the state 

was sent to the Oklahoma A~ College where a training school 

for dry cleaners was located since ,the early 1950 IS, but 

only' four names were- matched'. A lot. of hard to, reach people 

were teiephoned a'fter 5 :'00 pm' and on weekends" which wa's 

pretty productive. 

County Court: House: Probate PUes_ 

When: cU.~ other resources were exhausted, a search 0 f 

few, county Court House Probate files was: used.. This process 

yielded some useful data, primarily- exact. data of dea,th ... , 

Thi~ was' done, only in Oklahoma and~sa counties. 

voter Registration Tapes,. 

voter reqistration: tapes were purchased and used 

against the cohort I,ist ... rt produced some results. 

Returned Questionnaires,. 

Some of the information on the questionnaires that were 

returned was, somewhat helpful. We had at times typed in 

information on previous' drycleaner owners asking the 
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whereabouts. Some responded, some did not. The returned 

questionnaire also listed previous experience in other 

cities or towns which were leads to find other people. 

The KIOSK life table analysis· system. 

The life table analysis system. (LTAS.) is a person-years 

at risk library of' computer programs: developed by NIOSH con­

sisting of nine maj'or system: proqrams: supported by el.even·· 
J 

auxiliary programs' residing' with the' IBM 360 compute·r at the­

Merrick Computing. center in Norman, Oklahoma. The system 

was. specifically desiqned to analyze: occupational. cohort 

mortality' data and can calculate standardized: morta~ity 

ratios. (SMR),. proportionate' mortality ratios (PMR),. and pro­

portionate' cancer mortality ratios (PCMR) .. · 

Methods 

Figure. 2a shows' the overall schema' of the' study desiqn 

regarding data collection, editing and data analysis •. 

Figura 2b illustrates the, schema for follow-up of cohort .. 

The' license applications archived by the. State Dry Cleaners· 

Board were the: major data resourca used for the reconstruc-

tion. of: the Oklahoma dry- cleaning: industry ~rom 194·~ to' 

I98'S. License applications were sorted,. coded and abstract-· 

ed according· to the algorithm shown in Figure" 3·. Two maj or 

data files were:. created in order to efficiently collect data 

regarding the solvent specific' characteristics of Oklahoma 

dry cleaning plants, and information regarding individual 
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License Applications 

1941 - 1985 

Name- Data Plant Data 

Code 

Oklahoma Association Oklahoma S ta te 

of Dry Cleaners --------~----------Dry Cleanera Board 

Resources Resources 

Cohort File 

Follow-up of- Vit~ Status­

OAD Bulletins 

Death Tapes & Certif-icates. 

Othe~ Resources ( 

\ 

PMR & SMR Analysis j 

I' 

Interpretation and Application 

of- Results 

Figure 2 a outline of the Oklahoma dry cleaner 
mortality' study .. 

......... 
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~ 0: 

Fi~['e. 2b 0- Schema For· Follow-Up of Cohort Using· 
Non-Traditional App~aches 
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Algorithm for sorting, coding and d-ata entry 
of dry cleaning license applications. 
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owners and/or operators', of these solvent usinq dry cleaning 

plants. Both. data files were created and managed using the' 

Interactive Data Entry System (IDES·) 0 f the· Data Genera 1 

M600 computer at the Research and Educational Services sec­

tion of the Oklahoma· Uni versi ty- Health Science Cente·r o' The 

file PLANT was- designed. to accommodate the coding of up to 

four consecutive or concurrent solvent types and durations-
J 

of' use for each plant identified from the primary data base. 

The- fi~e NAME, was· used to. collect information on individuals 

identified as- the owner and/or' operator of each solvent 

using dry clean·ing.. plant.. The: files PI.ANT and NAME were 

linked by a shared code: initially assigned to each unique 

solvent cleaninq plant.-

The Fi~e PLANT 
\ 

The fila PLANT was. designed to contain an assigned 

plant code, the reqion, in whicn"'tne< plant was found, the, 
I 

name of the: plant" the address' and city wherQ it was 

located,. and up: to: four +~vent codes to include the- start 

years: and: stop years.' during- which that particu.lar sol vent 
/ "--. 

was uti~ized at that. plant.. Nearly all. plants' specified the-

so'l.vent- to- be utilized on, the. initial plant application. 

Rene.wa-I Ii.cense- appl.ications did not. explicitly st'ate the 

solvent utilized- during. the years 194-6, through- 1965.. After 

1965 the class of solvent, petroleum- or synthetic, was 

so·licited.. Between 1946 and 1.965- the. original solvent in 
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use for the plant was assumed to have remained unchanged, 

unless one, of.. the many supplemental data, sources, such as 

original, or annual plant inspections confirmed such a change 

in solvent.. Al.l plants which changed name, or location were 

assigned a new, anti: unique code .. 

The- file, HaD: 

The NAME ~e was d'esigned 1:0 collect information on 

individual. dry cleaners.. Each. dry cleaner was' linked by 

PLANT code to' the plant which he owned, or operated, and the' 

county in which that plant was located. Information, on the 

first name,.. middle name: and: ,last name' of the- owner/operator 

as well. as. sex. and race were. collected. Ten- to fifteen own­

ers and/or operators" recoqnized~ as- eitheJ: Hispanic or orien­

tal,. were coded as. white, and considered. as'- such in all data 

analyses. Very few fema-les or nonwh'ite males, were identi­

fied as owners- and/or operators of dry cleaning plants in 

Olaahoma.. Those indi.viduals, completing' an initial license 

appl.ication for a, ctry cleaninq plant were- directed 1:0 speci­

fy the: number of years. of prior experience within the dry­

cleaninq. industry" both in Oklahoma and elsewhere. This: 

prior experience was: used: to estimate the total number 0 f 

years of work experience prior to' the first year of complet­

inq .of a license application., Immediately following World 

War II and' the- Korean War-, waivers of initial inspection­

f'ees were granted to veterans if they would supply their 
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prior service number. Data regarding age, social security 

account number r and date and cause of death were also col-

lected. A record was created for each individual for each 

specific coded plant in which they were identified as being 

owners and/or operators:.. The beginning and end years of 

owner/operatorship were recorded~ The basic assumption 

under~yinq the data. collection for owners and operators is 
J 

that owner/operatorship of a solvent usinq dry cleaning 

.... plant impl.ies solvent exposure to the: specific solvent. iden-

tilied as being- used at that plant- durinq that time period. 

Although. this assumption. -was; certainly violated. at times-, 

the nature. of· the Oklahoma dry cleaning industry- and the 

preponderance of sale- proprietorships allows such 

owner/operatorship to. be a: generuly valid indicator of 

actual solvent exposure.. Followinq the data abstraction, 

codinc; and data entry of information available from the dry 

c-leaning l.icense applications, the: supplemental. data sources 

were systematically- reviewed and information added. to, cor­

rected or verified: within- the NAME' and. PLANT·: Files.. Each 

data resource proved to: be- helpful. in expanding_ the histori-

cal. data base from which the so-lvent specific history of 

individua-l plants, and data regarding. their owners and 

operators, was derived.. The review' and abstraction of these 

supplemental data- sources provided multifaceted, 

overlapping,. and redundant information_ sources in order to 
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accurately depict the business environment, the solvent use 

characteristics-, and demographics of this cohort. of sol vent 

exposed dry cleaners- in the, State of Oklahoma. 

creation of- the COHORT file 

Information found in the- PLANT and NAME files- was 

merged together by _ shared plant_ code in order' to create a 

file entitled COHORT. The COHORT file' included a single 
.I 

record for each unique individual, identified as an owner 

and/or ~perator of a solvent using dry cleaning plant 

between 194~ and ~985. Individuals. are identified by their 

first name-r m-id.dle name· and last name, age,., sex and race •. 

The exposure histories of owner and operator were compiled 

over time- with solvent exposure grouped into the categories 

of petroleum- solvents, PCE, CC14, F113-, or unknown'.. The 

durations of exposure, in years", to. each of these solvent 

groups was- recorded. Years of experience prior to the first 

license app-l,ication was. calculated and exposures were 

assigned to' the group soI-vent in_ use at the first license-

application.. The; month.,- year and cause of death for­

deceased cohort members was recorded as well as the last two 

cities: and counties of ]mown residency., In order to esti­

mate latency-, a beqinning year of- solvent_ exposure was esti-

mated usinq the f·frst known yea-r of exposure: by licensure 

and including; the known previous years of exposure. The 

last year of exposur,e was considered to be the last year for 
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which an individual was known to have owned or operated a 

so~vent using plant in Oklahoma'. 

Recognition of deaths occurring among cohort members 

The major source of reporte<i deaths among: cohort mem­

ber& was the OAD Bulletin. and the obituaries notices 

routinely' published in. it. Other· reports of' death were 

abstracted from J license applications" minimum price tran-

scripts, insurance company records". the Textile Maintenance 

Reporter, newspaper obituaries,- funeral homes ,_ probate 

files, next of kin and the Veteran's Administration patient 

data cards.. Verbal reports; and- confirmations of written 

reports, of death were received from: executive secretaries. of 

the- state Dry Cleaner"s Board and the OAD. 

Oklahoma state- Health- Department death' tapes 

C\ded abstracts. of deaths occurring. in Oklahoma between 

1950 and 1964 and ..... t98~ and~ 1982',_ available on magnetic. tape, 
, --I 

were- sorted by year, sex, race and name. A binary search of 

these' sorfed' files: was conducted: for each cohort- member in 

the appropriate, sex. and race- group,_ and in those' years: equal 

or subse~ent to' tha last year Jaiown a~ive. Matches· were 

made using, a selection hierarchy of l.as~ name, first name-, 

middle initial, age, and county- of residence without regard 

to cause of death.. Potential deaths were verified· by the 

current or past executive secretaries of the- Dry Cleaners 

Board and the OAD.. Those potential matches to. cohort mem-
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bers· which were unverified were considered a valid death for 

the purposes of the study only if no other unique name 

matches· occurred in the death tape files. 

cause of death information 

Although no data· is ava'ilable from Oklahoma, several 

stud-ies have.· been· published in· the Oni ted. Sta·tes' and Great 

Britain which. assess the accuracy of cause:· of death.. certifi-' 
.t 

cation for specific- forms· of cancer.. For most. forms. of can-· 

cer, the accuracy of the cause of. death. statement has been 

found to· be· between· 70· and 90 per cent. when compared w·ith 

hospital.. diaqnoses (.222.),. a~thougtt it has: been found: to be 

somewhat lower when compared with. autopsy' findings (223.-

225) e· 

The quality' of. cause· of death certification presents' 

problems. f.or al~ occupational;. cancer morta~ity studies. At 

best, if misclassification of cause of death occurs randomly 

across occupations, the magnitude· of any' real occupation­

cancer association. wi11 be diluted:.. However, it woul.d not 

be' surpr1.sinq.: if the' accuracy of cause of death certifica­

tion were social class,. and therefore occupation, dependent. 

This could be particularly true' for cance·r types., such as 

pancreatic cancer, - whi.ch are difficult to. diagnose. One 

would: expect that they would be more likely to. be diagnosed 

accurately in' individuals who. had better access health care 

and: diagnostic facilities.. Another' problem with the use of. 
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death certificates for occupational cancer studies is that 

ideally, _ on;e would want to know about all incident cancer 

eases, not just those whose underlying. cause of death was 

stated to' be cancer on the death. certificate. Using 

mortality data·" as opposed' to:. incidence data., introduces 

potential biases: with respect to differentia'~ cure rates for 

various~ types of cancer across. occupations:, due- to unequal 
J 

access to' high. qua.l..ity medical treatment. 

A reLated problem- is, the assignment of underlying cause 

of death in a patient-with. more than one major medical prob­

lem_ Often,. such an assignment. is· arbitrary.- However, if 

the probab-iIity of assigning: a cancer as opposed. to another 

cause is the same from- occupation' to occupation, no bias' 

will result front this· problem. No:· attempt was. made to uti­

lize information' on the _ death. certificates with regard- to 

secondary' causes: of d'eatb:: in this study_ 
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Relationship between PMR- and SMR statistics 

SMR studies- require that the total population at risk 

be followed and its endpoints ascertained for every cohort 

member; hence, these studies. are often lengthy and 

expensive. When- the population -at risk cannot be ascer-

tained,. either because of: incomplete records or lack of 

resources r it is- sometimes~ possible. to do· a· PMR study ., 
instead. In a PMR study, only deaths are ascertained, and 

the proportion of deaths from a specific cause- in the study 

population is compared to the· proportion expected based on 

some- s.tandard- population, adjusted for . age', race·, sex and 

five. year calendar period-~ The statistical. significance of 

any departure of this' ratio from 1 .. 00 is assessed us-ing the 

Mantel-Haenszel chi square test with one- degree of freedom 

(22.6). A recent article by .1arvhalm (227) has addressed 

some considerations in usinq mortality rates; and: proportions 

qrouped by five year calender period, and recommends the 

future use. of yearly rates. and. proportions' to avoid an 

anticipated five per- cent overestimation. of the: expected' 
-"-. 

valu·es. 

A PMR cannot indicate the risk of death from any 

specific cause, but can detect any excess or deficit in the 

proportion of deaths from. that cause·.. Since the sum of the 

proportion of deaths from- each cause must equal one, a large 

deficit from a single cause of death will produce an excess 

from other causes:. Competing risks of death can create an 
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artificially high PMR for a particular cause due to any 

large deficit from one cause. It has recently been shown 

that if the -overall. SMR from a study population is signifi­

cantly less. than 100; each cause specific PMR will be biased 

upward: by the amount of the differential (228, 229). Con­

versely, if_ the SMR exceeds 100·, each PMR will be- biased 

downward. 

The cause specific PMR approximates the cause- specific 

SMR if the- overall SMR iSo equal. to 1.00, that is, the 

mortality rates· are similar in the study and comparison 

groups. 

1 
PMR(Cause i) - SMR(Causa- i) x. 

SMR (All causes) 

If theo ove·rall SMR is-' known or can reasonab~y 

estimated,. the PMR can- be mul.tiplied by' this factor- to 

approximate- the- cause' specific SMR. - However, if the overall 

SMR varies: with age, this equation cannot be used for PMRs 

summed: over all ages. It is kno~ that- SMRs. usually vary 

across- age· bands, and decrease' with_ age- (230). The SMR' couId 

be- approxima,ted for -each age band usin9" the cause- specific­

PMR from the sam.e age- bands, but the overall SMRs by age 

group' are not usually estimable. 

Wong and Decoufle (229) have suggested the use of a- set 

of causes of death that- will have similar rates in the work­

ing population and_ the general population. Cancer mortality 

rates' have this- property, due· to the long. laten~y period- f'or 
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most cancers, and the fact that workers are not likely to be 

screened, from employment for cancers. The type of PMR study 

where only cancer deaths are' included is known as a propor­

tionate cancer mortality ratio (PCMR) study. In this kind 

of study, the observed and expected' deaths from any given 

cancer site are compared . in a manner comparable to a PMR 

study'. However If if the study population has an excess can­

cer risk from all sites" that is, an overa,ll cancer specific 

SMR greater' than, 1.00, the site specific PCMRs will be' 

biased downward. It cannot be assumed, that the cancer SMRs, 

w·ill be' constant· across age bands or' that the PCMR will 

closely approximate the actual site spec'ific SMR. In most 

cases,. however, PCMRs will: generally be, less, biased than PMR 

statistics .. 

The· NIOSR life table- anal.ysis system: 

The LTAS death rate/proportion subsystem uses external files 

in order to calculate expected death statistics for SMR,. 

PMR, and PCMR studies. These files contain either estimated. 

death. rates or estimated death proportions for the United 

States, popUlation for 8'9, NIOSH cause of death categories, by 

sex, 'race'., age group" and ca·lendar period~ 

Each year, data on all individual deaths in the united 

States is made available by The National center for Health 

Statistics (NCHS). This' data conta'ins the sex, race, age, 

and cause of death for each person ~·;ho, died, during the year. 

The causes,' of death. contained in this, data a·re categoriz'ed 
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according to a schedule established by the World Health. 

Organization (WHO) (.241). Because this schedule is quite-

large (nearly 2,000 different causes· of death are 

recognized) it has been transformed into a NIOSH schedule 

which. recognizes up to 89 causes of death and which re.tains 

the same categ.oriea for a~l years·~ Both. schedul.es are peri.­

od'ically revis~d to· keep them representative of current 

medical knowledge. 

Using the NIOSH' schedule found in Appendix G (231), the· 

death categories in. the records, from the- NCHS are converted 

from. WHO' categories to: NIOSH- categories'.. The- records: are· 

then totaled for five.-yea·r periods,. producing a· summary of 

indiv-idua~_ deaths- for each. NIOSH cause of' dea-th w·ith·in each 

sex r race and age- category 0 This. five.-year total is~ then 

divided by' the number ~f people alive in the united sta~s 

during the same period, by sex, race and age.. The Ii ve 
, 

popuLat.ion figure.: is estimated~ by inte.rpo·lating between end.!. 

of-decade Census· Bureau population estima-tes to. find the ( 

population at. the- midpoint of the five· year period in ques-

tion: and' then mu'Itiplying the five-year midpoint by five. I 

The result of this divis·ion is the· average rate- of death. 

during- the five-year period for each NIOSH cause of death 

within' each sex, race. and age category-.. 

The expected death proportions are calculated by divid-

ing' the number of deaths due to a specific cause in any sex, 

racer age and calendar period combination by' the. total num-
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ber of deaths for that combination. 

Poisson hypothesis test and confidence. limits. 

LTAS performs hypothes is testing under the assumption 

that the observed number of events is distributed as· a 

Poisson variable. The LTAS· additionally gives confidence 

limits based upon the' Poisson distribution.- The user may 

specifY' whether",the hypothesis' testing is to be one-sided or 

two-sided. When' one-sided is. specified, only ratios' in 

excess. of 1 .. 00 are: tested" and. 90 per cent confidence limits­

are calculated:. When two-sided is specified,. all ratios are 

tested and. 95, per cent confidence limits are' calculated'., 

For six' or more' observed deaths,. tha Byar approximations to 

the exact test of confid-ence limits far a Poisson variable 

are used (232.) .. ' The approximations' agree~ very closely with 

Miettinen I s' exact methods and' the Biometricka tables o'f 

po.isson limits, (Z33.) .. The accuracy of the· approximate 

confidence limits. for six obs'erved deaths~, for example, is 

within 0.5% of the exact limits, with. the approximation 

being: somewhat conservative ... 

To determine statistical significance for less than. six-

deaths, the LTAS uses a. table of values of observed and· 

expected deaths which are: taken' from- the Biometrika Tables 

for statisticians·. To determine the con.fidence. limits for 

the. ratios, the LTAS uses a built-in table of exact canfi-

dence· limits factors. These factors are divided into the 

ratios; to derive, the confidence limits (Z34)' and can- b.e 
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found in Appendix I with the tables of significance for less 

than. six deaths. 

Sample· size in occupational mortality studies 

. In 1980 the OSHA published its general policy for the 

. identification a·nd regulation of carcinogens (235). It was· 

stated that nnon~positi ve human' studies," i .. e., those in 

which a risk followinq: exposure to, a substance was not 
J' 

found, would be considered 1n a review of the evidence only 

if they met several crLteria·. One of these stipulated that: 

"the group of exposed. sUbjects [should have been] 
large enough for an' increase in cancer incidence 
of' 50%, above that in unexposed controls to have 
been detected at any of the predicted' si.tes. It" 

Essential.~y, the- OSHA criterion refers to the 

statistica·I power. of significance tests. Power can be 

increased by increasing the sample. siz-e. Howeve·r, in an 

observational study, such as- one examining.' occupational 

morta~ity, the sample size is usually' fixed. It is possible 

in these circumstances, g.iven certaIn informa.tion, to 

estimate the power of the significance .test .. 

The significance test in the analysis, of a mortality 

study usually compares the observed number of deaths from 

some cause (or causes) wi th the, expected. number.. The 

expected number E: is that which would. have occurred if the 

mortality pattern were the same as that in a control group', 

based on absolute' rates in a follow-up (SMR) study or the 

proportion of all deaths due to the· cause of' interest in a 
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proportiona.te mortality study. Allowance is also made for 

. factors such. as. age and calendar per.iod to achieve· 

"standardization." The' ratio of' observed to expected num-

bers, (OlE) represents the relative· risk of acquiring the 

disease:. for. exposed, as compared with: nonexposed, persons'. 

Given the: expected number. of. deaths... it is possible 1;:0 

calculate the P9wer of the s.ignificance· test when. the true 

ralative risk is some specified value~ in the OSHA criterion 

the. increase of 50 per cent in the. incidence represents a 

relative risk of 1. s. 

Power analysis 

In order to' assess. whether the negative results 

obtained for the. site specific- cancers of interest in this 

study indicate' a true lack o·t: risk r . a. statistical power 
\ 

analysis.. was· performed for tho'se sites'. That is,. given the· 
"-, 

expected number of deaths generated for theSe.... .. s.i tes, what is. 
I 

the probability of deotectinq a signif.icant excess risk of a 

given' maqnitude and alpha level?' "(TO be consistent with the 

policy of the· OSHA,. a nonpositive ~ human study woul.d be- con-
i 
I 

sidered evidence' for lack of a carcinoge~ic risk only if the 

probabil.ity of detecting a 50 per cent increase in risk. for 

exposed subjects is large (235) ~ Statistical power is the 

probabil.ity of not overlooking. an excess risk, i. e., of not 

making a Type· II statistical error. A brief revie'" of Type 

r and Type II errors follows_ 
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Type I errors. 

If the true state of nature is the null hypothesis (no 

increase in risk), then a Type I error is wrongly rejecting 

the null hypothesis and declaring that there is an increase 

in risk. The probability of a Type I error is known as 

alpha, or more commonly, the "level of significance." When 

an investigator finds an excess and declares it "significant 

at the 0.05 level," he or she is stating that there is less 

than a five per cent chance of having made a Type I error. 

Type II errors. 

Type II errors are less familiar but, nevertheless, 

very important (13). When the true state of nature is the 

alternative hypothesis (increased risk), the research goal 

is to detect it (i.e., reject the null hypothesis). If an 

exposure is harmful with a relative risk of R, then not 

rejecting the null hypothesis (i.e., wrongly accepting the 

exposure as. harmless) is called a Type II error. The proba­

bility of ·a Type II error is usually denoted beta ( ). Con­

versely, the probability of correctly rejecting the null 

hypothesis and therefore of detecting the excess risk is 

called power and is equal to 1 - B. ThUS, power quantifies 

the ability of a particular study to detect an excess risk 

that truly exists. It is intuitively clear that with a 

fixed amount of data there is a greater likelihood of 

detecting a large excess risk. Similarly, an increase in 

the amount of data increases the chance of observing a given 
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risk and increases power. 

To calcul.ate power- for a given number of expected 

deaths,- we- can apply a' Poisson formula for any specified 

risk' level we want to detect, using a given alpha level 

(236) 0 If the' expected' number of deaths is- large, we can 

use a formul.a- based on. the standard normal distribution to-

approximate exact power probabilities (237). The· power for-
J 

mula given by Armitage (240) for the' Poisson distribution is 

based on the following terms:: 

E.~ = Number o.f expected- deaths 

R == True relative' risk . 

El. = R x E, the number- of relative- expected deaths~ 

c = the smallest number of-deaths. that is significantly 

increased, where'::: 

Power = 1 - S 1 
c-1 

r­
i=-O 

. , 
l. .. 

The· approximate power (1-8) to' detect a relative· risk R. 

at the- a'lphac level of significance can also· be calculated 

from. the: following; formula which uses- the' fact that the 

square root transfo·rmation stabilizes the- variance of the 

Poisson distribution where: 

E.. = Number of expected deaths 

R = Ratio of observed to expected deaths 

Z (1-6) - Z. (l' - Z(....J'RR - \IT) 
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Here Z a denotes· the upper 100 a percentile of the 

standard normal distribution' and E the expected number of 

cancer deaths based on general population rates. This ap­

proximation agrees well with exact power calculations' based. 

on Poisson probabilities made by CUtler (238) and Molina 

(239}o When. the discreteness' of the exact test based upon 

Poisson probabilities is accounted for, the approxima.te· and 

exact power curves are. virtua~ly identical. 



RESULTS AND DXSCUSSI:ON-

The Okl.ahoma Dry Cleaning Industry 

Figures' 4 - 8 are based on yearly data compiled by the 

Oklahoma' state· Dry Cleaners Board beqinninq in 1960. Figure 

4: depicts: the- yea'rly qross. volume.,. in constant 1983: dollars, 

of: dry cleaning' done in. the state- of Okl:ahoma between 1960 

and. 1.983" for plants, aqencies, and coin-ops... The business 

trend for' dry cleaninq in OkIahoma' paralleled: that of the 

entire nation,. with a peak in dollar vo·lumt!" occurrinq in' 

1966 - 67, followed by a· rapid: decline lastinq unti~ 1975. 

S.inca 1975, the indus.~ in Oklahoma has· shown- a steady 

yearly qrowth in. dol.lar Volumes' which, by 1983', approached 

the- 19.66, - 67 peak .. 

. Figure s: displ.ays the- total employment in the Oklahoma 

dry cleaninq industry between· 1960 and 1984... Owners and' 

family members· have represented between 29· and 42 per cent 

of the total workforce. Employment totals' specific for 

plants, agencies and coin-ops are not currently available. 

Figure 6 displays the number of total licenses (new 

licenses, license- reneWals.". a·nd transfers of' ownership) 
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issued for plants', agencies' and coin-ops for each year 

between. 1960 and 1984. A gradual decline in plant li.censes 

issued since 1966 has' occurred. This decline- appears to be 

unrelated' to the more· dramatic decline in. dry cleaning dol­

lar volume between' 1966 and: 1915 p. and the .substantial 

improvement in... dollar. volume: followinq: 1975. Since 1982, 

fewer plants have, been doinq larqer volumes of,. cleaning, in 
J' 

part- through an. expansion' in' the number of agencies 

licensed. 

The number and so~vent. use characteristics of all plants 

licensed- in· Oklahoma: between 194-1. and 1985 are depicted in 

Fiqura 7.. Prior' to' 1948', nearly. al.~ plants. in Oklahoma used 

some: form of- petroleum· solvent.. An' . expected dec-line·· in a·ll 

plants,. related' to, World War n,. occurred between 1942 and .. 

194~ which was followed·by a rapid expansion in' the number 

of so~vent usinq plants· fram 1945 to 1950. The total number 

of plants remained fairly constant at approximately 800 

until 1962. when_ a steep,. steady decl.ine· brought the number 

to. about 400' 'by 1978,.. Since 1978 this. number has: been very 

stable·.· PCE was. introduced· in' 1948; and s-lowlygrew: in popu.­

la'rity' until it accounted for roughly 200 active plants:. 

The number- of PCE- p-lants remained' sta·ble· despite the rapid 

decline of pe.troleum plants, reflecting: an emphas'is on syn-

thetic' solvent replacements, or new plant· purchases, with 

the attrition from the industry of much. older petroleum 

plants.. The- date. reveals. that by 198,5, more' than 50' per 



L I c E
 

N
 

5 E
 S 

q
o

o
 

l
~
O
P
 

11
0P

 

1
0

0
0

 

S
10

()
1 

.. A
it,

 
..a

" 
" 

, 
. 

... 
8

0
0

 
-
,
' 

7Q
O

 

6
0

0
 

5
0

0
 

4
0

0
 

I
,
 

1
.1

 

• 
..

 
..

 
T

O
T

A
L

 
E

J-
il
-

-P
 

P
L

A
N

T
S

 
~
 
~
 

A
G

E
N

C
IE

S
 

~
 -A

-" 
C
O
I
~
'
:
"
O
P
S
 

4,
 

A
 

'
/
 

' 
\.

 
, 

" 
\.

 
~"
 

" 
'\IJ

 
''B

--
-@

 
, "

 .
.. 'I

!t
--

-Q
 

. 
.....

.....
. "

B
--

-t
.t

, .
 " "
 -~

 ... , 
'1

!f 
....

....
... '8

 .....
.....

.. 

.j
 

~
-
-
-
s
-
-
-
1
i
 --

-~
-:

--
-1

i-
--

fi
t-

--
e-

--
e-

--
fl

 --
u

 

3
0

0
 

2
0

0
 

....
 1

Ir 
-

-A
.. 

...,
. ,

.. 
-
..

L
 

_
_

 
0 

.... 
... 

'" 
~-
-

/'
 

....
 1

( 
...

 
'"

 
Ir

 -
-
Ir

 _
 

-
,
.
.
.
.
.
.
.
 

-A
. 

\, 
-
6

-
-
-
I
f
.
.
.
 

"
,
 

'\
.
.
 

~--
-.-

-
"
 -

"
'"

 -
-
-
-
-
-
-
.
-
-

..
..

..
. -

" 
-

-
Ir

 -
..

. 
,,

_
--

<
f' 

_ 
~~
,(
 --* 

-
-1<

----
..--

..--
" 

-...
_'),

-_.
-.--

--.-
---.

--_
__ -

---
--..

--_
---

-..-
--s

: _
_ .

-_
 --6

-
" 

1
0

0
 

I 
I 

1
9

6
0

 I 

II
" 

f 

1
9

6
2

 
1

9
.,

. 
1
9
6
~
 

H
U

il:
t 

1
9

7
0

 
l
~
7
2
 

YE
AR

 

1
9

7
4

. 
1

9
7

fi
 

1
~
7
~
 

1
9

8
Q

 

F
i
g
u
~
e
 

6~
 

D
ry

 
c
l
~
~
n
'
n
g
 
1
1
c
e
n
s
~
~
,
 

th
e
 
S
t
a
t
~
 

o
f 
O
k
l
~
~
o
m
a
,
 
1
9
6
0
-
l
9
~
:
.
 

1
9

8
2

 
1

9
8

4
 

I~
 

(1
\ 



13
0(

1 

1
2

0
0

 

1
1

0
0

 

1
0

0
0

 

" 
, ... 

,. -
'.

 

D
RY

 C
:L

EA
N

IN
G

 L
IC

EN
"S

ES
 

TH
E 

ST
A

TE
 

O
F 

O
K
~
A
H
O
M
A
 

1
9

6
0

 
-

1
9

8
4

 

,,-
.....

.....
 

" 
"
'-

--
--

--
--

--
-

,.. 
---

--
-... -

-
"
',

 
,-

\ 
-' 

, 
,
-

, 
-

"-
--

\ 
,-

\ 
-

, 
,-

\ 
---

', 
-

'-
" 

/ 
,,-

"
, " 

" 

, 

'--
--

--
--

-
---

...,
 

,..-
"
, 

/
' 

" 
/
' 

9
0

0
 

". 
.
' 

8
0

0
 

1
0

0
 

--
--

--
--

--
-...

 -... -
---

--~
, 

b
O

O
 

">
0

0
 -

-
..

..
 

-" 
. 

4
0

0
 

" 
.....

.....
... -
-
-
-
~
,
 

,,--
ju

G
 -I

 
' 

-....
.....

... 
'
,
/
'
 

.....
. -

--

~
 

---
--_

 ... --
-

' ...
... .

-'
/'

 
---

---
-

2
0

0
 -I

 
_ 
:
:
~
~
-
-
~
-
-
~
 

--
--

--
.....

. , 
.... .

,.-
-

/ 
/,

,-
_..

... 
---

---
---

...
 

/
/
 

/
"
 

_
-
-
-

-
_

_
_

_
_

_
_

 ~
-
-

....
. >

c
 _

_
 -
:
-
-
-

1 u
n 

-I 
/ 

--
--

--
--

--
--

\}
l t;;­ ~~
~"
 

I , 
I , I 

O
-
T
'
:
-
-
.
-
-
.
-
-
~
_
.
-
-
~
~
r
_
-
.
-
-
r
_
-
.
-
-
~
~
-
-
.
-
~
-
-
.
-
-
.
r
-
-
r
-
-
~
~
-
-
~
~
-
-
~
~
-
-
-
-
~
 

1~
"'

(j
 

1
9

b
2

 
1

9
(j

4
 

,. 
19

G
L

 
I
~
G
H
 

1
9

7
0

 
1

9
7

2
 

1
9

7
4

 
lq

7
6

 
1

9
7

8
 

1
9

8
0

 
1

9
8

2
 

1
9

8
4

 

Y
E

A
R

 

--
--

--
-

T
O

T
A

L
 

.. -
-"

. -
-
-

fi
L

 A
N
T
~
;
 

--
--

--
-

A
G

EN
C

IE
S 

--
--

--
-

C
O

IN
-O

P
S

 





1 
' 

9
0

0
 

ao
o 

7Q
Q

 

6P
O

 

fJ 
5

0
0

 
l. 

. 
A

 
N

 
T

 
~
 

,4
0Q

 

JO
O

 

2
0

0
 

1
0

0
 

_
8

-
A

-i
't

--
-f

i ..
. 

,'
"
 

.,
 

r 
.
.
.
.
 

~-
ti
I 

, 
... 

~
 

... 
'p

" 
, 

I!
i ..

 
, 

, 
~
 .. -

, 
~
-
t
i
I
 .....
 

•
• 

f 
T

O
T

A
L 

S
-Q

.,
..

11
 

P
E

T
R

Q
LE

U
M

 
~
 -

.:
~ 

Q
 P
E
R
C
H
L
O
R
(
j
~
T
H
Y
~
E
"
'
E
 

I
f
-

tr
"A

 U
N
K
N
P
~
 

"'1
') .\

 \ 
\ I!l

, 

" 

~
"
S
 , 
-1=

1 ..
. . 'a

-, )I
, )1

,'1
\ , 'ii

i ...
 , lSI

, " ~
 , ..

..
. l
it

 "''
P

 ...
. "

Ii.
.. 

. 
. 

li
'-

a
 

I!'
"-

e . 
""

B
-'

tJ
 

.
'
~
 

-e
-.

..
. -cr

.....
.....

.. 
~
 -'U

 
... t
"
.
.
.
.
.
 

...
e-

~
~
~
4
 

~
~
~
 

~
~
 

...
...

 
" 

' 
. 
~
-
-
o
-

..
..

 -e
"
 

-o
-.

...
...

.. 
-I

f 
....

....
....

 
, 

... t
r 

r-
.
.
 -0

-
' 

. 

a 
i •

• 
t;
T;
T;
T;
t~
~~
~:
 ~.
~.
"t
,~
.:
 .~

.~.
~.-

r,~
 ,-r

.~ .
-r

."
t,"

t .1
'".

"t 
,"t.

'" .--
r.1'

" .-
-r.-

-r."
t.-"

.-"
.'" 

.-"
,-"

,-"
,-"

.-"
.-r

.~ '
.~~-~

'~' 
1

9
4

0
 

1
9

,.
5

 
1

9
5

0
 

1
9

5
5

 
H

H
iO

 
1
9
6
~
 

H
)7

0
 

1
9

7
5

 
1
~
8
0
 

1
9

8
5

 

Y
E
A
~
 

F
ig

u
re

 
7.

 
O

kl
ah

o
m

4 
~
r
¥
 
q
l
e
~
n
.
p
g
 

p
la

n
tq

, 
~
y
 

sq
lv

e
n

t 
c
a
t
e
~
o
r
y
,
 

1
9

4
1

-l
9

Q
5

. 

I-
' 

W
 

-.
:I 





9
0

0
 

8
0

0
 

7
0

0
 -

6
0

0
 

5
0

0
 

4
0

0
-

JO
O

 

2
0

0
 -

1
0

0
 

"., .~ :;
~?

 

a 1
9

4
0

 

,. 

OK
T.

.A
I-I

OM
A 

D
R

Y
 C

LE
A

N
IN

G
 P

L.
A

N
TS

 
BY

 
SO

LV
EN

T 
CA

TE
G

O
RY

 
1

9
4

1
 

-
1

9
8

5
 

----
/ 

""
'-.

..
..

..
. 
----

.....
.. 

---
---

--:
-.....

.....
 

,-
--

--
--

,-
--

~'
 

'
\
 

,... 
\ 

---
\ 

_...
 

\ 

' 
\ 

/ 
~',

---
---

---
-" 

I 
~, 

./
 , 

" 
" 

... 
"
, 

/ 
... 

,/
 

lo
 

"',
 

/ 
/ 

\ 
" 

". 
, 

\ 
/.

 
/
.
 

\ 
l'
 

. 
'\

 
" 

~ 
. 

\ 

' 
~ 

I 
\ 

I 
, 

A
-\

 
, 

" 
\ 

-
,
 

, 
, 

\ 
, 

, 
~,

 
, 

, 
,--

-
'"

 

" 
.....

... .... 
-
' 

-'-
--

--
--

--
--

--
" 

, 
" 

...
 --

--
--

-
~" 

...
 --

~ ...
 --

--
--

--
--

...
 ,... 

-... -
--

.-
--

-
-

-
--

-
---

.....
 

__
__

__
 

..
 _-

--
--

--
--

--
--

--
--

-
--c

_ 
.-"

 
. 

----
_ ••

• , •
•• _

_ .<
-

---
---

---
---

---
--

--
--

--
. 

1
9

4
5

 
1

9
5

0
 

--
--

--
--

--
--

--
--

--
--

--
--

--
-

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
1

9
5

5
 

1
9

6
0

 
1
~
6
~
 

-
-
-
-
-
.
.
.
-
-
-
~
 

Y
E

A
R

 

TO
TA

L 
P

E
 T

R
i..

)L
 F

U
M

 
P
E
R
C
H
L
O
R
O
~
T
H
Y
~
E
N
~
 

U
t'H

<N
O

y.
N

 

1
9

7
0

 
1

9
7

5
 

1
9

8
0

 
1

9
8

5
 



., 

138 

cent of al.l plants in Oklahoma were.. using peE. Figure 7 

also shows the near absence of plants with "unknown" solvent 

usage, due to' the· adequacy of the licensure data base to 

identify specific' solvent, usage, and the attention to com­

pleteness: insubmittinq the license applications required by 

the Oklahoma' State Dry Cleaners:' Beard:. 

Table: U ~ves a; detailed account of the, total number 

and solvent use· characteristics of plants existinq in 

Oklahoma between, 194·1 and. 1985" havinq a, unique name and 

address,. Due to; those- circumstances where an' existing plant, 

changed: onl.y its. name-,. or an. owner relocated an existing 

plant,. the. totaL number- of plants may be.. s'lightly overesti­

mated.- Plants- have been, categorized, by solvent qroup; 

petroleum, synthetic:, or unknown,. and by the specific sol­

vent recorded on. the: license application.. The: specific sol­

vent in use was requested- on, a·ll applications: prior to 1965, 

but subsequent to' that the applicant wa~ directed to check 

either "'petroleum~ or ,rsynthetic fll as the, solvent in use. A 

review' of~ all initial plant inspections: since 1941.,. and 

yearly- inspections: (only' available. since, 1975l, contributed 

to the· extremely low percentage of plants with unknown sol-· 

vent use characteristics. Each plant contributed one plant­

year to each,. sol vent category for each year, or partial year 

of' operation. The few plants. which used- two or more differ-

ent solvents concurrently tend to produce a small 

overestimation of the actual total number of plant-years 
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DBLE' 1~ 

SOLVENT USE CHARACTElUS'fi.CS: OF ALL OKLAHOMA DRY CLEANING 
PLAN'rS LICENSED' BETWEEN· 1941 and 1983 

.I 

Solvent Specific Total % of Plant- % of 
Group' Solvent Plants Total Years Years 

Petroleum. Stoddard. 105~F 907 37 ... 76 14,020 47'.44 
Stoddard 140

0
F 85 3'.54 1,2.46: 4.·22. 

Stoddard. 125 ° F g: 0'.33 65 0' •. 22 
White Gas 6, 0 .. 25 12 0.04 
Tractor Gas, . 1- 0 .. 04- 1. 0_00 
Motor Fuel 1 0'. 04 1 0.00 
Unspecified S09 33 •. 68 9,035' 30.57 

synthetic: peg. 522: 2.~0. 72 4,.5S1 1.5 •. 50. 
eel 4- ~ 

0.7G; 196 0'.66 
Triclene· 0,.08 6 0.,02 
Panoclene t- 0_04- . 2. 0' •. 01 
F-·ll3 1 0 •. 04-

....... , 1 0.00 ,. 
Unspecified 29) 1.2.1 - 274· 0 •. 93 

Unknown Unspecified 12 

L 
a.. 5·0' 11:3' 0 •. 4-1 

Pe.troleum' All 1,.8·17 
( 

75.61 2.4,380 S2. .. 4·7 " 

Synthe.tic All 5.7'4, / 23 .. 8'S· 5,.060 17.12 
Unknowrr All. 12. 0.50 113 0.41 

All All Z,403' 100 .. 00 29,553 100.00. 
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under study. In 1985, less than 10 per cent of all plants 

utilized more than one specific solvent, and concurrent, 

multiple solvent use appears to be a very recent occurrence 

in the Oklahoma- dry cleaning industry. 

Petroleum selvents were used in over 75 per cent of all 

plants,. and account for 82.5·- per cent of the: 29,-553 plant­

years, under surveillance. Most, if not all unspecified 

" petroleum:. solvent was: Stoddard 105 o F.- The handful of 

plants- which. speci~ied tractor gas, motor fuel, or white gas 

did· so durinq 1941 to 1945 when periodic shortages of 

Stoddard solvent occurred. A total of 1.,817 petroleum s01-

vent usinq: plants. were identified which:· were - in. operation 

for 24=,380 plant-years. (an average· of 13'·.4- years) . 

Figure 8 depicts the number of owners, and/or operators 

of solvent usinq. dry cleaninq plants. in Oklahoma between 

194-1. and 1983. As can be· expected, the distribution of own-

ers and: operators: by solvent cateqory is highly correlated 

to. the dist.ril:::Jution of plants shown in Figure 7. 

Table 12: gives the sex and race characteristics of a-I!.. 

owners and/or operators of solvent us-ing, Oklahoma_ dry 

c-Ieaninq plants between· 1941. and 1.985.. Nearly 80 per cent 

of the 3·,31S members· of this cohort were white: males', and 

account for 44,.383. exposure-years, or 8-6 per cent of the 

total 51,565 exposure-years. White females comprise 18· per 

cent of the total-members of the- cohort.. Unless· specifical-

ly identified on a license application,- the females who were 
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wives of owners· and/or operators, were, for the most partr 

not. incl.uded as. cohort members· despite the·ir equal potential 

for sol-vent exposure. in the many small, husband and wife 

operated. dry cleaning' shops' which characterized the industry 

in this. state. 

Tabla 13 shows the. distribution of single and ~tiple 

solvent. exposures by. the sex and race of the cohort members. 
" 

Nearly S9- per cent of the entire cohort were white males, 

and lZ per cent were white' females who wera exposed o~y to 

petroleum solvents .• White males exposed only' to. PCE com-

prise. lZ. per cent of the cohort, and white females with PCE 

solvent exposure, 40:. per cent.. The remaininq: 13 per cent 0 f 

the· cohort. is. made up of' all sex and race groups exposed to 

some combination· of. petroleum, synthetic. and/or:' unknown sol-
\ 

vent exposures .• 

Table 14· displays the distrib~tion of 1~50 deaths occur­
I 

rinq- among, the. cohort members. batweenc ·the years· 1.950 and 

1985, cateqorized by sex', race. and solvent exposares/ A. 
\ 

total. of 998 (8,1' per cent) of al~ cohort deaths.· oCcul:red 
I 

among white mal.es.. Among. the white males .. deaths·, 831 were 

exposed only to, petroleum' solvents. andcomprisa over 72 per. 

cent of the: deaths' known' to have occurred. These 831 petro­

leum' solvent exposed' white males will be' the major focus of 

the· solvent and duration of exposure specific mortality 

analyses. 
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DBI.E' 12 

SEX AND RACE CHARACTElUS'I.'CS OF' OWNERS AND· OPERATORS 
OP; OKLAHOMA DRY CLDNDIG PLANTS LICENSED 

8E'111BElt U4-1 and 1985 

Sex Race· Number %- of Exposure- ~ .. of 
Number Years Years 

Male White 2,654 80.06 44,383 86.07 

Mala Black 43 ~.45 1,000 1 •. 93 

Female White 605' la.25 6,038 11.71 

Female- Black a- 0'.2:4 14-4, 0.28 

lil Al~ ]", J_ls, 100.00- 51,-565· 100 .. 00 
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Tab.l&: 14a 

Cohort of Oklahoma Dry Cleaners· 
1941.-1985 

Fo~~ow-up Summary 

Total Cohort Members 

Cohort Members witn; less than 
ona year of exposure. 

Cohort member~ fallowed-up­

Cohort members known to be: a-Ii va 

known alive with elate of birth-

known alivQ> without elate of: birth. 

Cohort. memba-rs, known to be elead 

3946 

63.1. 

1554 

(1330) 

( 22.4) 

1365 

known- dead_ with certificate of eleath. (lI50) 

known dead without certificate' 
of, death 

Lost to follow-up 

( 2~5) 

100% 

47% .. 

(40%) 

( 7%) 

41% 

(35%) 

( 6%) 

12!t 
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MQrtality Analyses 

Proportionate mortality analyses for three' qroups, 

defined.. by sex, .. race, and solvent exposurefs) will be pre­

sented.. The first ot these· analyses will consider the 1150 

deaths· occurring:· among: al~· sex. and race: qroups regardless·. of 

solvent exposure- (qroupo I).. In.. order to- assess· the: influ­

ence of sex: and: race qroups other than white males, a second 

analysis will be· present~ of 998 white males witn any soL-

. vent. exposure- (qroup II)_ 0- The most detailed analysis to be 

presented wi~l. be: of' the 83"1 white males who were exposed 

only to' petroleum solvents (qroup. III.). Mortality analyses 

of small and very- specific sUbgroups. of potential interest 

include deaths occurring among, whita females. and an analysis 

of deaths: among; white. males' with- any- pa exposure.. A. summa­

ry of these analyses. will be- available~ on request .. 

Al.l sex and: race· groups, a.l1 solvents 

This. initial. analysis-represents· a. composite. of. all. sex 

and race· qroups reqardIess. of solvent exposure- and consists: 

of 1~50 deaths; 998 white: males, 128' white females, Z black. 

females. and 2.2: black males-.. Table- 15. presents the 

distribution. of total. deaths by age: qroup,. and. five year 

calendar period between. 1940. and 1985.. One death was 

identified for cohort. members: less than 3"0 years of age ... 

Proportionately fewer- deaths· identified between the. period 

of l:965· to. 1974, can be: explained. in part. by the lack of 

access to machine· readable- death" certifi.cate information ... 
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TABLE- 15-

DI:S'rRIBOT:tOH- OF. DEATHS BY AGE" GROUP-
AIm- CAl,ENDER PERJ:OD, 

• 

Calender Period 

Aqe 1_94--0- 1950 1955 1960- 1965 1~7(} 1975 1.980 Total 
Group -49- -54 -59-- -64- -69 -74 -79 -87 

20-24 0 1 0 .. 0 0-- o~ 0: 0 1 

25-29 0 0- 0 0 0 0 0 a 0 

30-3'4 3, 1 1 2, 0 0, 0 a T 

-35-3~ 2 1- 1 2 a. 0 0 0 8' 

40--4'''- 0 2 ¢ 7 2: I 1 2- 19-' 

45-4-9- 4- a- s: 7' 5- 4; Z 5 43 

50-5'4 4 9-. II: 7- 12- l 9 10 65 

55-59 5 g; 14 --16,: 22- II 15 22 114 

60-64 5 1.5 2.5- Z6 27 15 1.7 25' 156 

6'5-69 5 5 9:' 4.1- 24 31- 26 52 193 

7-0--74 4_ 7 12 23' Z2- 19 41 50 178 

75-79: 0 4 S' 18- 1-4- 30 38 56 168' 

8-0-84- 0 3 7 16 11 17 21 43 115 

85+ 0 3 1 1~ 2 6- 19 39 81 

Tota-l_ 36 68 99- 176 143 137 189 304:- 1148' 
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Table' 16 presents the distribution of total deaths by 

latency and by years of sol vent exposure. Latency is 

defined: as the- number of, years from the estimated first s01-

vent exposure to the year of death. Nearly 68 1
, per cent of 

the: deceased cohort. members had solvent exposures in excess 

of ten years; 29,' per cent. had solvent exposures in excess of 

30' years: ... 

The- observed' and expected deaths, proportionate mortali-

ty ratios:, and 95 per cent confidence, limits· (95% CL) for 18 

maj or cateqories. of dearth are' displayed in Table 17' .. 

S,iqnificanUy e-levated, PMR$ were found' for- the major eateqo-

ry' of death,. men~r- psychoneurotic and personali ty' 

disorders: due primarily to- al.coholism and. the qenito-urinary 

systeDf due to. acute and ehron'ic nephri tis. Heart disease 
\ '. 

representS: the largest cateqory:- of cause. of death, with 52,7 

~ 
deaths' observed',. and "S-2..4.03, expected', qiving: a: PMR of 0.,96 

I 
(95%. CL = 0· .. 88 - 1. .. 05').. ~e PMR for al~ ma'liqnant neoplasms 

was 1.04 W.i+. 23'6. deaths, observed' and 2'26:'.7' expected (95% 
\ 

CL =- 0 •. 91 -. 1l .. ~8) .' 
J 

.I 
Table IS' shows- a more detail.ed, analysis of' the observed 

and expected cancer deaths... While the' overall proportionate 

mortality due to' cancer was, not siqnificantly elevated, a, 

, substantial. excess in pancreatic cancer (19 deaths- observed, 

PMR = 1..50,. 95% CL = 0.9,1 - 2.3,5) and cancers of the 

respiratorF system (78 observed, PMR = 1.17, 95% CL = 0.93 



Years of 
Latency 

1-4· 

5-9-

LO-14-

15-19 

20-24· 

25-29 

30+ 

Total 

150 

TABLE 16 

DJ:$TlUBU'fiOH OJ!' DEATHS". BY YEARS: OP' LATENCY 
ABJ):YEARS" or EXPOSURE 

Years of Exposure 

1- 5- 10- 15- 20- 25- 30+ 
4- 9· 14· 19· 24- 29" 

36 

32 33-

33. 2.3.- 38 

30 21 24 . 2.7 

34 26 2.1 15- 31 

2I. 14- 15- 16· 12 3-3~ 

37 27 44: 35.' 51 85: 334 

223 144 142: 93 94- 118 334 

Total 

36 

65 

94 

102 

127 

III 

613 

1148 
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TABLE 17 

OBSERVED AND· EXPECTED DEATHS, PMRS, AND 95% CL 
FOR lOJOR CAUSES OF DEATH 

Cause of Death OBS EXP PMR 95% 

Al~ causes. l:~48 1147.9-7 1.00 0'.07-

Tuberculosis 7 7.40 0.81 0.30-

All Malignant. Neoplasms 236 226.68. 1.04- 0.91-

Diabetes· Mall.itus 12 18'.,06: 0.66: 0.,34-

Diseases o~ the Blood. and 
Blood~ Forminq Orqans 3: 3'.51 0.85' 0 •. 1S-

MentaJ.,. Psychoneurotic- and 
Personality Disorders 10 3 ... 79- 2.63* 1. .. 26-

Nervous, System 109; 105.7 1D03~ 0 .. 85-

Circulatory: System 527 5'24 •. 0, 0.96 0.S8-
\ 

Respiratory System 77 71.77\ 1 .. 09: 0 .. S5-
'-. 

CL 

0· •. 19'· 

1.77 

1.1S 

1.16 

2.·50 

4.S·0 

1 ... 24, 

~.05 

1.34 

Diqes1:i ve System· 22- 3"2' .. 77 O~. 67 O. 42:~--·1. 02 

Genito-Urinal:y Sys.tem. 2S 13.,7'4 1 .. 81.*' 1. .. 1S- Z .. 69· 

1 .. 3Si Bone' and: Organs of Movement 4- 1 .. 18- 0' •. 92- 8.65 

Unknown. causes 10 11 .. 56 q •. S6, 0'.4:1- 1.,59 
( 

Accidents 43' 42'.S 1.00 0 .. 73- 1 ... 3S 

Viol:ence· IS' 17 .. S0· 1 .. 0l 0 .. 60- 1. •. 50, 

Other Causes: and Blank ICD 44- 41.,41 1.06 0 .. 91.- 1.18 

*p' < 0'.05 
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- 1.4-7) were noted. PMRs in excess are- shown for -kidney 

cancer (1 ... 8), skin cancer (2- .. 42*), and malignant neoplasms 

of bone, only skin- cancer was statistically significant. 

Stomach cancer' does show a statistically significant deficit 

'with 4 deaths-. observed versus 13:.2 expected,. yielding a PMR 

of. O~3.0.-

TaJ:)~& 19 sh~a. the.. distribution o~ observed' and expected 

cancer deaths- by age group.. Significant elevation in- PMRs' 

for- cancer deaths are shown to: occur in 75-79 age group. 

Table- 20 depicts the d-istribution of observed cancer 

deaths- and PMRs- by latency- and- years, of exposure. No trend 

can· be seen by- years. of latency.- When the: PMRs for all. 

ma·lignant neoplasms- deaths are related to. years: of exposure, 

however, a-. small peak in cancer proportionate mortality (PMR 

- 1 •. 40) can. be. seen with, 15-l9': years.' of exposure. In fact, 

among.: those- with expo~ures: greater than 30- yea·rs. the PMR for 

a~~ ma·lignant neoplasms is only 0 .92 .. 

McrtaIity ana:lyses for white males 

Al.l. sol.vent exposures.-

By analyzinq: only white males·, -the relative contribution 

to' the~ overall proportionate, mortality -made by females, and, 

black males- can be indirectly assessed. Table. 2~ presents 

the· distribution- of 997' d-eaths by age· group. and f,ive yea'r 

calendar period between 1940' and- 1985. 
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TABLE 18 

OBSERVED AND EXPECTED DEATHS, PMRS, AND 95% CL 
FOR SELECTED CANCER SITES 



Aqe 
Group. 

30-34, 

35-39 

4-0-44 

4-5-49> 

50-54: 

55--59 

60-64.-

65-69-

70-74: 

75-79' 

80-84-

85+ 

Total 
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OBSERVED AND EXPECTED· DEATHS AND' PI!RS 
!'OR ALL. BLIGHART' NEOPLASMS, BY AGE. GROUP" 

Observed:: Expected , 

~ 0.71-

2. 1.23· 

4: 3:.02 

8- 7-.8"6 

lO: 13:.73' 

26 26.37-

34: 35 .. 79-

48 44 .. 32 

37 3'7.60 

4.5- 31..02. 

11 16:.84-

10': 8:.10 

23'6 22:6.6S. 

.-

PMR 

1.40 

1 •. 58 

l.32 

1.01 

0.72, 

0.98 

0.94 

1.08 

0.98 

1.45* 

0.65 

1 ... 2.3 

1.04-
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'fABLE 20. 

OBSERYBD DEATHS ARD· PJmS FOR' ALL MALIGNAH'r NEOPLASMS, 
BY YF.ARS OF LATERCY' AlfD' YEARS OF EXPOSURE 

Years of Exposure. 

Years. of 1- 5'- lO- IS- 20- 25- 30+ Total 
Latency 4. 9- 14- 19- 24- 29 

1-4. a BS·. T 7 
PMR 0 .... 92: 0'.92 

5-9 ass 10 8 18 
PMR ~ .. 4g; 1.3"4· 1 .. 42 

10-14~ ass 9. 6 8· 23 
PMR 1.22 1:.2.5' ~ .. Ol 1 .. 15\ 

\ 

15-~9 OBS' s- .2': 6 6 19' 
PMR O' .. gz 0' .. 4-3' 1 ... 2S 1 .. 2'2. 0.9'3 

2.0-24 ass 9 7 5 4- 2 27 
PMR. 1 ... 24: 1..26 1. .. 17 ~ .. 38· O: •. J1. 1~02. 

25-29' OBS, 3, 2. 4, 5 2. 5 21 
PMR. Cl .. 67 0.7'6 1.35 ~ .. 56 0.78' 0.76' 0.,94-

30+ OBS: 5 5 9· 10 1.5 1.9 58 121 
Pm 0.64 0.85' 1.OS 1, .. 46" 1..58, 1 .. 15· 0 •. 92 ~.02. 

Total ass 48 3.0 32 2'5 19 24 58 236 
PMR ~ .. 02, 1.02 1 .. I2 1.40. 1.-03 1.04· 0'.92 1 .. 04 

( 
; 
I 

J 
I 



Aqe 
Group-

20-24 

25-29· 

.; 30-3'4 

" 35-39 ;: 

40-44 

45-49 

50-54 

i· 55-59' 
'. 

t·.., 60-64 
:. , 
~. 65-69 

70· .... 74-

75-79 

80-84 

as+ 
L 

TOTAL 
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TABLE. a~ 

DZS'l'RIBUT70N OF DEATHS, OCCURRING AMONG WHITE" MALES, 
BY AGE GROUP AND CALENDER PERIOD: 

Calender Period 

J 

1940 1950 1955 1960 1965 1970' 19-75 1980 1985 
-49' -54 -59· -64 -6~· -74- -79' -84 

0 ~ 0 0 a Q. a a 0 

0 0 0 a a 0 0 0 0 

3 1 ~ 2 a 0 o· a o· 

2' ~ ~ 2- 0 0 0 0 0 

o· 2 4' 7 2. L 0 2 0 

4- 8, 7 6. 5: 3' 1 5 0 

4 8 10 7 1~ 3' 8 8. 0 

5 9 14 15 20 11 12 18 0 

4· 14· 24 2,2 26. ~4 ~6 19'· o· 

5 ~ 9 38 20 27 22 45 o· 

4 7 12' 17 19 18· 35 43 0 

0 4- 7 18 . 1¢ 25· 36· 48 0 

0 3 3' 14- 8" 14" 16 32- 0 

0 3 0 8 z- 3. 15 26 0 

31 65' 92 156 127 119· 161 2.46 0 

Total 

1 

0 

7 

6 

l8 

39 

59 

104'· 

139· 

170 

155· 

152: . 

90 

57 

997 
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Table 22 presents' the distribution of the 997 white ma·le 

deaths by latency and by years of solvent exposure. 

Approximately 71 per cent of all whi.te males had solvent 

exposures in excess of ten years; 31 per cent had solvent 

exposures. in· excess, of 30 yea·rs. 

Table' 23:" depicts· the observed. and expected deaths, PMRs, 

and 95 per cent confidence- limi.ts. for selected categories of 
<I' 

causes of death. occurring- among: 99-7 white males. Only the' 

major cateqories of mental, psychoneurotic and personality 

disorders due, to, alcoholism. and. qenito-urinary system due to 

acute and chronic nephritis shows· a significant elevation of 

the PMR.. The PMR for all. malignant neoplasms was ~.05 with. 

206: deaths· observed and' 194 .• 7 expected (95% CL = 0 .. 92 -

I. 21). 

Table: 25 shows at more. de.taUed analysis. of the observed 

and expected. cancer dea:ths.· occurring altlong white. males. 

While the overal.~ proportionate cancer morta:~ity was not 

siqnificantly elevated in· this; cohort subgroup,. a s'ign"ifi­

cant excess· in' malignant neoplasms, of the ·pancreas (18 

deaths~ observed,. PMR = 1 .. 6$r 95%, CL. = Q.98 - 2 .. 61) and of 

the respiratory system (76. observed, PMR = 1 .. 2'2, 95% 

CL =- 0' .. 96 - 1 .. 5:3"-) continue to· be recogniz.ed... PMRs in' excess. 

of 2.00 are shown for kidney cancer,. skin cancer, and a' 
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'DBLE 22 

DXBrRl:BlJTXOK OF DEATHS OCCURRING AMONG- WH1'fE !IALES, 
BY' YEARS: OF ~CY ANJ) YEARS' OF EXPOSURE' 

J' 

Years: of Exposure 

Years. of I- S- lO- IS- 20- 25- 30+ Total 
La.tency ¢ 9; 14 19: 24 .. 2~' 

1.-4 .25· 25 
~ 

5-9' 29- J·1 60 
:; 

10-14 22 19· 33" 74 ., 

\ 15-19 26. 15 22: 26: 89 \ 

\ 

20-24- '--. 26, 2.0 . 17 13. 2~ 105 ........ 
~-

25:-29- 15· & 13. l4· 12: 29 91 

(30+ 3;1. 24 3'7 3'1. 43 78 J09 553 

\ 

) Tota~ 174- 117 122 84- 84- 107 3'09 997 
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TABLE. 23 

OBSERVED· A!fD EXPECTED· DEATHS, PMRs, AND 95% CL 
FOR MAJOR CAUSES OF DEATH OCClJRRDIG AMONG WHITE MALES 

Cause of Death 

All Causes· 

TUberculosis 

All Maliqnant Neoplasms 

Beniqn k Unspecified 
Neoplasms of the Brain· 

Diabetes Mellitus: 

Diseases of the Blood and 
Blood Forminq. Org-ana, 

Mental., Psychoneurotic' and, 
Personality Disorders' 

Nervous System 

Circulatory System: 

Respiratory system:, 

Diqestive System 

Geni to-Urinary System 

Diseases of the Skin 

Bone and Orqans of Movement 

Unknown' causes 

Accidents 

Violence 

Other'Causes and Blank 

*p' < 0.05 

OBS EXP PMR 95% CL 

997 996.9a 1.00 0894- 0 .. 06 

6 6.91 B.86 0.32- 1 •. 89 

206 194.72 1.05 0.92'- 1.21 

1 1.39, 0.71 0.02- 3.99' 

1~ 1~.3a 0'.69 0.33- 1.28 

~ Z.9~ 1.01 0 ... 21- 2.98, 

8 3.,40 2.35* 1.01- 4.64 

92 8'5 .. 94- 1.07 0.86- 1.31 

0.93 0 .. 85- 1.03 

6-9 64.53 1.06 ,0.83- 1.35 

22 29.31 0.75' 0.47- 1..14 

21 Il.92 L.76* 1.09- Z.69 

'0 0.81 0.00 0.00- 0.00 

4 0' .. 91 4.4~ 1.,2.0-11 .. 28: 

g: 9'.8,1 0.81 0.,35- 1.6·1 

39 3a .. 65 1.00 0.72- 1.38 
~", 

17 16,.43 1.03:, 0'.60- 1. s.~_, 

41 35~OJ3 1~17 0.a4- 1.59 
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single case of male' breast cancer, but none were 

statistically significant.. stomach cancer does show a 

significant deficit with four deaths observed versus· 11.7 

expected, yielding. a PMR of 0.34. 

Table 26· shows the distribution of observed and expected 

cancer deaths by- age qroup·.· A significant. eleva.tion in PMRs 

for cancer deaths· are shown to occur only in the age' groups 

75-79. No excess were found. among those deaths occurring 

under age 65. 

Table 27 depicts.. the distribution of observed cancer 

deaths and PMRs- by' latency and years of exposure~ The peak 

in cancer' proportionate' mortality (PMR = ~.30 to ~ •. 40) can 

be' seen wi tho the latency periods between 5 and 14- years .. 

When the PMRs· for all: ma'lignant neoplasms deaths a·re. related 

to- years of exposure, there" remains a small peak in 15-19 

years of' exposure'. Among. those with. exposures grea·ter than 

30 years· the PMR for a~l malignant neoplasms~ is 0.90. 

ODly petroleum solvent. exposures: 

This group:' of 8l~ petroleum.. solvent exposed white male 

dry cleaners presents' the. best opportunity' to' date to judge 

the influence of petroleum solvent exposures on the 

distribution of causes of death. Although. smaller 'numbers 

give l.ess power to detect sign'ificant dif·ferences,. similari-



, ... 

161 

TABLE 25 

OBSERVED AND' EXPECTED DEATHS, PMRs, AND 95% CIa 
FOR'SELECTED CANCER SITES OCCURlUHG AMONG WHITE' DI,ES 

Cancer Site OBS EXP' 

Buccal. cavity " Pharynx- 6, 

Digestive Organs'" 54 59.22 
4·.55 

11 .. 71 
19'.37 
6.71 
3040 
1.75 

Esophagus 4 
Stomach. 4 
Intestine Except Rectum 15· 
Rectum 5 
Biliary Passages & Liver 3 
Liver Not Specified J 
Pancreas 18: 10: •. 91 

0:.8·Z Peritoneum &. Other 2. 

Respiratory System'. 
Larynx. 
Trachea, Bronchus, & Lung.' 
Other Respiratory 

Breast 

Prostate 

Urinary Organs 
Kidney 
Bladder &. Other 

Other. ~ Unspecified Sites 
Skin 
Bone 
Unspecified Site~· (minor) 

Lymphatic & Hematopoietic 
Lympho-Reticulosarcoma 
Hodq.kin.'·s. Disease 
Leukemia « Aleukemia 
Other 

*p <: 0 .. 05 

76 6Z~10 
4 2 •. 90 

71 58.55; 
1 0' •. 65 

1: 0 .. 28· 

17 17.91 

16. 1~ .. 66· 
9< 4..49-
7' 7' .. 17 

25 2.0 .. 34 
7 4.9'·1 
3: 0 .. 88 
9 11.03" 

11. 16' .. 65 
4 4~89 

1 1.46· 
3' 7.46 
3' 2.84. 

0.91 
0 .. 87 
0.34*' 
0.77 
0'.7'4 
0 .. 88 
1.71 
1.65· 
2.¢3 

1 •. 22 
1.3·7 
1. .. 21 
I.. 54 

3 .. 46 

0.94 

1 .. 3.7 
2.· .. 00· 
0.97 

1.22~ 
2: .. 40 
3' •. 3.9 
0·.81 

0 .. 66 
0.81 
0:;"68·. 
0 .. 40 
1 .. 05· 

95% CL 

0,.37- 2 .• 22: 

0'.69- 1.19 
0'.24- 2 .. 25 
0.09- 0.87 
0.43- 1 .. 28 
0.24- 1.74 
0.18- 2.58 
0 ... 35- 5.00 
0', •. 98-· 2'.61 
0.29- 8 •. 79 

0' .. 96- 1.53 
0 .. 38- 3.53 
0.95- 1 .. 53 
0~04- 8.61 

0.09-19 •. 27 

0 •. 55- 1.52 

<J .. 78- 2 .. 23 
0:' .. 9,1- 3 ... 80 
0 .. 39- 2 •. 01 

0.80- ~ .. 81 
0 .. 96- 4 .. 95 
0.70- 9.92 
0 .. 37- 1 .. 55 

0' .. 33- 1.18 
0 .• 22- 2 .. 09 
0'.02- 3.80 
0.08- 1.lS· 
0.22- 3'.09 
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TABLE 26 

OBSERVED ARD; EXPJSCHD DEATHS" ANI)o PMRS FOR ALL, 
DLIGNAN'r' NEOPLASMS OCCDRlUNG AKONG liBLn, DT,F$., 

BY AGE GROUP 

" 
Aqe Observed Expected PMR 

Group 

30-34 1 0'.71 1.40 

35-39 a 0.67 0.00 

40-44- l, 20,65. 1.ll 

4-5-49, 7 6 .. 51 1.0.7' 

50-54 lO 11..75' 0.S5 

55-59, \ ... 2.3 22. .. 75 1.01 

60'-64 27 "'-... ....... , lO:.S4- 0.S7 
.'-.. .. 

I 
65-69' 4-5 38 •. 21 1 •. 17 

70-74- 1';( 32' .,59 1.04 

'75-79· 40\ 
I 

28.20. 1 .. 4.1* 
/ 

SO-S4 9- 1)'.60· 0.66' 

85+ 7' 6" .. 17 1 .. D 

Total 206, 194 .. 72- 1.05 

* P < 0.05 
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TABLE 27 

OBSERVED· DEATHS, AND PMRS· FOR ALL· DLIGNANT NEOPLASMS 
OCCURRllfG. AMONG WIlI'ra MALESr BY YEARS' OP' LATENCY 

AND YEARS OF EXPOSURE 

J' Years of Exposure· 

• 
Years of I- S- lO- IS- 2.0- 25- 30+ Total 
Latency 4 9 14 19- 24· 29-

1-4: OBS 3· 3 
P!!R Q.73. 0 .. 73 

5-9" aBS s. 7 15 
PMR 1.,35 1 .. 25 1.30 

10-14 OBS 8 5' 7 20 
PMR L .. 86 1..36 1 .. 1.1. 1.40 

15-19' OBS 3' 1 6· 6' 16' 
PMR: 0.,6.0 0·.32- 1 .. 39- 1..26 0.93 

20-24- CBS a 5 3 4- 2- 22 
PMR' 1.. SO, 1..27' 0:.87 1..5.1 0 .. 3'2- 1. •. 04 , 

25'-29· OBS 2 1. 3' 5 2 S- 18 
PMR 0: .. 59' 0.63' 1..,1.J 1 .. 74- 0.78 0.,87' 0.96· 

30+ OBS 4: S 8 9 1.4- 19' 53 112 
PMR 0 ... 60. 0' .. 92 1 .. 06' 1. •. 41 1.65 l~ 2.6 0.90 1.0-3 

Total CBS 36 2.4- 27 24 18: 24 53 .:z06 
PMR 1 •. 03' 1.03 1.11 1..4:4 1 .. 07 1 .. 15 0 .• 9-0 1 .. 05 
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ties, and, differences between this subset and either all co-

hort deaths or deaths among, all white males with any solvent 

exposures can: contribute greatly to assessing the true- sex 

and- race specific influence of petroleum solvent exposures 

in the absence o~- confounding by synthetic solvent 

exposures..- Tabla 28- shows the distribution of- total deaths. 

by age and tiv~ year _ calendar period for these. petroleum 

solvent exposed whi te- males., 

Table 29 shows: the distribution of total, deaths by 

latency- and years o-f solvent exposure-., OVer 72' per cent of 

this subset 9f whi.te males were exposed to: petroleum_ sol­

vents- for qreater than 10;- years,., with: nearly ,3'2 per cent 

being exposed for 3-0 years or more • 

Table 30- depicts the- observed: and expected deaths., PMRs.,-' 

and'- 95 per cent confidence. limits: for selected cilteqories of 
\ 

causes of' death occurring among 831 white males with only"-' ..... 

petro'leum-- solvent exposures.. A total of 166 clea~ clue to­

cancer of' all sites- was observed, with 159 .. 7 erected" 

yie:lding; a PMR of. ];, .. 03. (95%- CL = 0-.89 - 1 .. 21): _ S,iqnificant 
i 
, 

excesses in three mator noncancer cause of death- categories 

were found:. menta-I,. psychoneuro,tic' and personality 

disorders, which was: due primarily to the subcategory, 

alcoholism, qenito-urinary, and disease of bone and organ 

movements, arthritis. 

Table 3,~ shows a more detail.ed analys'is of, observed and 

expected' deaths, PMRs, and 95' per cent confidence lim'its: for 
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TABLE 28 

DXS'rlUB1l'fiON: OF DEATHS OcctJRRmG AMONG', PETROLEUM" SOLVENT 
EXPOSED'. WI1.l.-rE· DLES,. BX AGE GROUP' AND CALENDER: PElUOD, 

calender Period 

J 

Age 1940· 1945 1.950 1955 1960 1965 1970 1975 1980 Total 
Group -44 -49 -54 -59 -64 -69 -74 -79 -84-

20-24- 0 0 1 0 0 o· 0 0 0 1 

25-29 0 0 o~ 0 0, 0' 0 0 0 0" 

30-34- 0 3· 1 O. 1 O. 0 0 O. 5 

35-39· I I 1 1 I 0 0 0, 0 5 

40'-44: 0 0 2- 2. 6" 1. 0' 0 0 11 

45-49' 2 2' 7' 7 4, 4- 3; 0 5 3'4 

SO-54 1 J; 7' 9· 6· 10 3 5 3· 47 

65-69- 2- l 3' 9 33 18 2'1 20 3'2 141 

70-74· 1. :! 7 11 I6 17 IS 28 32- 13,0 

75-79 0 O. 4 6. 17 "14 22 32 37 132 

80-8A, 0 o. ·3' 2 14 8 :14 15· 28 84 

85+ 0 0' 3, 0 7' 2 3" 15 21 5-1 

TQta~ 8' 22 60 77 136 110 101 133 184 831 



:.. 

, 
.' , 
> 

I. 

Years 

DBI.R 29·' 

DXSTlUB1l'r:ION, OF' DEAmS: OCCDRRllfG AMONG PETROLEUM 
SOLVENT EXPOSED WB1TB DT·ES,. BY' YEARS. OF LATENCY 

AND YEARS OP EXPOSURE. 

Years.. of Exposure 

of. ~- 5-· 1.0- ~5- 20-· 25-, 30+ 
La·taney· 4 9-' 14 19 24 29 

1.-4 15 

5-90 2:3:· 26-

10-·14 1.6, 1;6 .23 

15-1.9 20 11 18 20 

20-24 2.0.· 1.5 ~3- 8 22 

2$-29- 13- 7 12 1.1. 10' 24 

30+ 2.9-. 22 34 2S' 4-1 70 264-.. 
Total. 13:6 97' 100 67 73 94 264-

'TotaL 

15 

49· 

55 

69· 

78' 

77 

488 

83'1 
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TABLE 30 

OBSERVED AND EXPECTED DEATHS, PMRS, AND 95t; CL 
FOR KAJOR CAUSES· OF· DEATH OCCDRRING· AMONG 

PETROLEUM SOLVENT" EXPOSED WBI'H KALES 

CAUSE' OF' DEATH OBS EXP 95% CL. 

AI~ Causes:. 831. 8·30 .. 98". - 1 .. 00 0.9'3- l.07 

TuDerculos-is, 4 6.1.1. 0.65, 0 .. 18- 1 •. 67' 

Al.l ~iqnant Neoplasms· 166 159,.,66 1.03, 0.89- 1.21 

Benign ~ Unspecified 
Neoplasms of the, Brain O' 1:. .. 13 0 • 00 0.00- 0.00 

Diabetes. Mellitus 9. 12 .. 00 0 .. 74~ 0 .•. 34- 1.42. 

Diseases of the Blood and 
Blood Forminq; Orqana 3 2 .. 4.5 1 .. 22: o. 2S- 3 •. 58 

Mental, Psychoneurotic' and 
Persona'lity Disorders 7 2 .. 69 2 .. 60* 1. .. 04- 5.37 

Nervous System 85 "3 .• 80 1.,15 0 •. 92- 1 •. 42 

Circulatory System ~72 4.0~.9~ 0'.9-2 0 .. 8'3- 1.02-

Respiratory system: 60 53 .. 98 1 .. 11 0.85-' 1 .. 43 

Digestive System IS 23: .. 8"6 0'.75 0.45- 1 .. 19 

Genito.-Urinary System 1..7 10 .. ~3: 1..64· 0 .. 96- 2:.63 

Diseases. of the Skin 0 0.67 0 •. 0.0 0 •. 00- 0'.00 

Bone and' organs of' M"ovement 4 0 .. 75 5 .. 30 t.45-13 .• 56 

Un'known Causes 7 7 .. 99' 0·.87 0 .. 3.5- 1.80 

Accidents' 3'4 lL .. 43 1.,08 0.75- 1.51 

Violence 1S 12.99 1 .. 15 0.65- 1.90 

Other- Causes and Blank reo 30 29' .. 12 1.03 0.89- 1 .. 21 

*" p; < 0 .. 05 
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selected causes of cancer death. Respiratory system cancer 

was elevated with 60 observed versus 49.S1 expected, 

yieldinq' a PMR of 1.20 (95% CL = 0.92 - 1.55). Stomach 

cancer was significantly decreased (three deaths observed, 

PKR - 0.30,.· 95% CL =- 0·.06' - O.S8)., Pancreatic: cancer-

remains, high. (13, deaths. observed~,. PMR. =- ~.4'S, 95%. CL. =, 0.77' 

-, 2.48)-' but nat. statistically siqriificant.. Sinqular deaths 
" 

due. to' bane and skin' cancer give 'PMRs in excess: of 3.00 when 

compared: to relatively small expected values. It is­

interestinq to note that the, excesa in. kidney cancer bas: 

been reduced:. when only petroleum solvent exposed' white. males" 

are considered. The. reduction of the subset from' 998' white" 

males, with any solvent exposure to' 83~ wi.th only petroleum 

sa~vent 'exposure, reduces: the PMR'. for kidney cancer. to 1.64. 

The e-liminatton ,0-£ ~67, white males exposed to, synthetic 
\ 

solvents or synthetic-~: petroleum solvent combinations 
, - ............ 

res,aJ.ted ,in the loss- of three cases, of kidney cancer from: 

the analysis-.. ofte of these, three' cases was· in the' only 

white male:- expo~ed. exclusively to CCl4- " with, 13, years of 
! , 

exposure:. The- ~cond' was:· in" a white' ma'le. with II years: of 

exposure' to- PeE'.. And the third haa I1 years 0 f exposure to 

petro'leum solvents and' ~7 years of exposure to peE,. 

Pharynqeal cancer appears to' be moderately eTevated. with 4 

observed' deaths versus 2.0 expected- yielding a PMR of 1.88 

( 95%. CL = o. 51, - 4", Sl) • 
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TABLE 31 

OBSERVED AND EXPECTED DEATHS', PMRs, AND 95% CL 
FOR SELECTED CANCER SITES OCCURRING AMONG 

PE'J:ROLEOII SOLVENT EXPOSED WHITE DI,pS 

Cancer' S:1 teo aBS EXP· 

Buccal cavity, re. Pharynx. &' 4 .• 80 

Diqestive organs. 41- 49.27 
3:.71 
9.·94 

Esophaqus' 4 
Stomach 3: 
Intestine Except Rectum 10 16.,01 

5.63 
2'.82. 
1.47 
8 ... 96' 
0.69 

Rectum 5· 
Biliary Passages· or Liver 2, 
L.i ver' Not Specified 2. 
Pancreas. 13' 
Peritoneum &- Other 2: 

Respiratory' Systaa 
Larynx. 
Trachea, Bronchus & Lung 
Other Respiratory 

Breast 

Prostate 

Urinary Orqans 
Kidney-
Bladder &' Other 

Other ~ Unspecified. Sites 
Skin 
Brain 
Bone· 

. Unspecified sites· (minor.) 

Lymphati~ ~ Hematopoietic 
Lympho-Reticulosarcoma 
Hodgkin" s Disease 
'Leukemia &. Aleukemia 
Other 

*p < 0 .. 05 

.-

60 49G-81 
3' 2.'.3.7 

56. 46:"91 
1 0: .. 53" 

1 

14 15.8'1 

1.3' 9-.. 67 
6. 3~ .. 65 
7 6 .. 02-

23 1.6 .. 4·9" 
6:· Z .. 35: 
3". 3:·.4.0 
1. 0' .. 73' 
9- 9- .. 03~ 

g. 13.58 
3. 1.93" 
1 1.16 
2 6.1.6 
2 2.31 

,PMR 

1 •. 24 

0.83 
1 .• 07 
0.30*' 
0.62 
0.88' 
0.70: 
1 .. 36 
1.4·5 
2'.90 

1.20' 
1 •. 2.6· 
1.019 
1.,90· 

4 ... 20 

0 .. 88' 

1.34 
2.a-0.3 
1..1.6. 

1 .. 39-
2..55 
0.87' 
4 .. ~1.; 
009·9· 

0.58. 
0' ... 76 
0:-.85' 
0.32.: 
0.86, 

95% CL 

0 .. 46- 2 .. 7'2 .. 

0'.60- 1.13 
0.29- 2.75 
0.06- 0.88 
0 •. 30- 1.15 
0 •. 29- 2.·07 
0.09- 2 .• 56 
0.17'- 4.91 
0·.,77- 2. .. 48' 
0.35-10:.50 

0.92.- 1..55 
0 .• 26- 3.70 
0.90- 1.55 
0.05-,10 •. 58' 

0.11-23 •. 34· 

0.48- 1.49 

0.72- 2.29 
0_66-· 4 •. 74-
00.47-· 2..39 

0.88- 2.09 
0 .. 9-.3:- 5, •. 56 
o .. 18:- 2. 57" 
0.85'-,12' .02· 
0.4-5- 1.8.9 

0,.;25- 1 •. 16 
1 .. 1.6.- 2. •. 22 
0·.02.- 4. .. 71 
0.04- 1.17 
0.11- 3.12. 
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Table 32 presents the observed and expected deaths and 

PMRs by age. group for deaths due to all malignant neoplasms, 

and' selected s·ite specific. cancers occurring amonq 831 white 

males: exposed only to petroleum solvents.. A significant 

excess in the' PMR for all. malignant neoplasms~ occurred at 

age' group75-79' (36- observed, 24 expected and PMR :::11- 1.48)' e· A 

total of' 54. cancer deaths were· observed for ages· 30 - 64-, 

--
with 58.73 expected (PMR :I: 0.92). The two deaths caused by 

cancer of the bi~iary passages· and. liver both occurred in 

age group 55 -. 59-,. yielding: an, elevated. PMR of 6.43 at that 

age group. cancer of the pancreas showed a nonsiqnificantly 

elevated' PMR at each age group over 45 - 49,. except for age 

groups' 55, - 64 and: 70 -. 74.. AI:!. excesses in cancer of. the 

trachea r bronchus,. and lung occurred. at age 45 - 49, and age-

65. and. older. Three: of the six observed.. kidney cancer 

deaths, occurred' at ages 75- - 79- and yie·lded· a significant 

(p. < 0 .• 05) excess and a PMR at 6.4-5.... One observed bladder 

cancer death: occurred at. ages 40' - 44 which" when. compared 

to an expected value of 0 .. 02 yielded a significant PMR of 

Table 3:3:- depicts: the distribution of 166-· cancer deaths 

occurrin~ amonq white males exposed only to petroleum sol-

vents. and PMRS by years- of latency and years:· of exposure. 

No. c'lear trends can- be- seen which. relate years. of e-xposure. 

to petroleum solvents to' proportionate' mortality due· to can-

cer. 
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TABLE. 32. 

OBSERvED AND EXPECTED DEATHS· AND PMRS FOR ALL CANCERS 
AND SELECTED SrrE-SPECD'XC CANCERS OCCDRIUNG AMONG 

PETROLEml SOLVENT EXPOSED- WHITE MALES, BY AGE GROUP 

Al.l, Cancers 

30-34 0 
35-39- 0 
40-4'4 2: 
45-49 7 
50-54 8 

. 55-59 15 
60"-64 22' 
6-5-69 35 
70-74 26· 
75-79 36' 
80-84- 8:' 
85+ 7' 

Total 166 

EXP 

0,,4.7-
0.54· 
~o.58 

5 .. 64-
9'.07 

17.66 
23'.7·7 
)"1.42' 
27 .. 0.· 
24 •. :11~ 
12 .. 63: 

S .. 50. 

159 .. 66 

0.00. 
0.00 
1 ... 26 
1.24-
00.88 
0.84 
0'.92. 
1.11 
0 •. 96 
1.48* 
0, •. 63' 
~.27 

1.03~ : 

BuccaI Cavity & Pharynx 

Age' OBS 

3'0-3.4:_ 0 
35"-3g:· 0 
4:0-44 a 
4.5-4G; o. 
50.'-54 a' 
55"-59 0.' 
6.0.-64 a 
6'5-69 3 
70-74 0-
75-79- 2 
80-84 1 
85+ 0. 

T'ota-l 6. 

*p < o. os. 

EXP 

0.01 
ao ();t 
0. .. 05: 
0- .. 22' 
0 .. 39-
<l .. 71 
0 .. 84· 
0: .. 95 
0'.6S" 
Q .. S:3 
0,.27 
0.12 

4.80 

PMR 

0'.00-
0.·· .. 0.0-
0.' .. 00-
0 .. 00.: 
0..00 
Q.O.O 
0.00, 
3 .. 16 
0-.00. 
3.75 
3 .. 69: 
0".0.0 

1 .. 24 

Intestine except. Rectum 

Age OBS- .. EXP 

30-34: 
35-39 
40-44-
45-49 
50-54-
55-59' 
60--64 
65-69 
70-74-
75-79 
80-8'4: 
85+ 

o. 
o 
o 
o 
o 
o 
1 
1 
4 
3 
o 
1 

Total 1-0' 

0.'.12 
0.05 
0.12 
0.45 
0.71-
~.-47 
2.12' 
3.05 
2.89, 
2.·82 
1-.59' 
0.,72 

16 •. 03-

_PMR 

0 •. 00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.47" 
1.32 
1.38 
1.06 
0.00 
1 .. 3.9 

0.62 

Biliary Passages & Liver' 

Age OBS 

3-0-34 O' 
3:5:-3.9- O· 
4'0-44. O~ 

45-4c9 0. 
50-54 - 0 
55-59- Z 
60-64 0 
65-69 O· 
70-.74 a~ 

75-79 0 
SO-84 0 
85+ 0 

Total 2 

0-.. 00 
0.00' 
0.02 
0 .. 09 
0 .. 15 
0 .. 31 
0 •. 43 
0 .. 58' 
0- .. 51 
0 .. 4, 
0.21 
0 •. 08 

2.82 

PMR' 

0 .. 00 
0.00' 
0 .. 00 
0.00 
0 .. 00 
6.43 
0 •. 00 
0.00 
0.00 
0.· .. 00 
0.00 
0.00 

0.70 
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TABLE 32 Continued 

Pancreas' Larynx 

, Age OBS EXP' PMR Age OBS EXP PMR 

30-34: 0 0'.01 0.00 30-34 0 0,,00 0.00 
35-39 0 0.02 0.00· 35-39' 0 0.00 0.00 
40-44 a 0 .•. 08 0·.00 40-44 0 0.02. 0 .. 00' 
45-49' ~ Q'.3~ 3'.26· 4·5-49 0 0.09 0'.00 
50-54 1 O.~·51 1 .. 9·5 50-54 0 0.17' 0.00 
55-59'· ~ 0.01. 0 .• 98· 55-59 1 0'.34 2.95 
60-64 1- 1.38 0.72 60-64 1. 0.4-3 2.29 
65-69 3. 1;.81 1.65· 65-69· 0 0' .. 49 0.00 
70-74 0 0 •. 52 0.00 70-74 1 0.37 2.73 
75-79: 3' 1.15' 2.2~ 75-·79· . 0 0 •. 28 0.00 
80-8'4- 2' 0'.69, 2 .. 91 80-84 0 0.13 0.00 
85+ 1. 0.27 3 .•. 72 85+ O. O·.O~· 0.00 

To'bU 13. 8: .. 96· 1 ... 45 Tota~ 3 2.37 1 .. 26 

Trachea·, Bronchus , Lunq. Prostate 

Aq4! OSS EXP PMR- Age OBS EXP PMR 

30-34- Q. 0 .. 04- 0: .. 00 
35-3.9- o· 0 .. 06 0 ... 00' 
40-44· 0 0..38 0.00 
45'-49- 4- 1 .. 69 -2'.35 
50-54 2; 2. .. 99 0".66 
55-59' J. 6. .. 15: 0 ... 48 
60-64 4- 7 •. 99 0 •. 50 
65-69· 1.1' 10'.50 1.62: 
70-74· 13 7 .. 9,2 1.63-
75-79' 9'. 6·.11, ~ .. 47 
8,0--84' 3 2.':34 1.2.8 
85+ l.. 0: .. 71. 1.40-

Tota~, 56 46:. 90~ 1 •. 19 

*P < 0.05 



173 

TABLE 32 continued 

Kidney Bladder &: Other Urinary 

Age OSS· EXP PMR. Age~ OBS EXP PMR 

30-34· a 0:.01 0.00 30-34 0, 0.00 0.00 
35-·39 0 0.0.1: 0'.00 3.5-39: a 0:.00 0.00 
40-44- 0' 0.05 0'.00:: 40-44 1- 0.02' 51.54*" 
45-49 0' 0 •. 18. 0 •. 00: 45"-49 a 0.10 0.00 

~ 

50-54 50-54 a 0.27 0.00 a 0'.20 0.00 
55"-59 a 0.50 0 .•. 00 55-59 a 0.45 0 •. 00 
60-64· 2 0'.59 3.36 60-64 0 0 .. 74 0.00 
65-69 0 0 ... 73 0 .. 00' 65-69 l. 1 .. 17 0.89 
70-74 1 0' .. 56 1.7'9 70-74 1. 1.14 0.87' 
75-79' 3 0·.47 6 ... 45* 75-79 2. 1 .• 18 1.68 
80-84 0 0 •. 21 0.00 80.-84 0 0.71 0 •. 00 
85+ o· 0~08 0.00 85+ Z 0 •. 36 5.62 

Total.. 6· ):·.6S, 1. .• 64 Tota·l.. i 6.02: 1..16 

*p < 0 •. 05 
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TABLE, 33 

OBSERVED· DEATHS· AND PMRS, FOR' ALL MALIGNANT NEOPLASMS 
OCCCRlUHG AMONG PBTROLEtJK SOLVEtrr· EXPOSED·· WllI:T& MALES~,. 

BY' YEARS. OF IA'l'ENCY AND. YEARS. OF EXPOSURE' 

Years of Exposure 

Years, of 1- 5- 10.- IS- 2.0.- 2.5-
Latency 4- 9 14 19 24 29 3o.+- Total. 

1-4: OBS 1" 1. 
PMR. 0..44- 0. .. 44 

5-9 OBS 8· 5 13." 
PMR 1. •. 76 1.10. 1.43 

10.-14. OBS 5. 4 3· 12 
PMR 1..70' 1.28: 0.:.68" 1.15 

15-19 OBS 1. 1. s: 4, 11 
PMR 0..2:7 0..4"4· 1.43. 1 .. 12. 0. •. 85 

20.'-2'4.- OBS' 7 5 2: 2: 1 17 
. PMR. 1 ... 75 ~ .. 72: 0. .. 76 1. .. 33' O~23' 1 .. 11 

25-29- OBS; 2- 1 2 4' Z· 3 l~ 
PMR 0. .. 67 0. .. 76> 0. •. 82- . l.88· 0. •. 95· '0..65 0..90. 

30.+ OB5 4- 5· 8 8' lZ' 17 44 98 
PMR. 0'.6'4. ]: .. 0.1. 1 .. 14- 1.40.' 1..50.: 1 ... 27 0..89 L .. o.3' 

Total OBS· 28 21 20.- 18 IS, 20. 44- 166 
PMR 1 ... 0.5 1.10. 1 •. 0.0. 1.39 1 .. 0.4 1 .. 11 0..89 1 •. 0.3 

\ 
\ 
\ 



175 

Table 34 depicts the distribution of 13 pancreatic 

cancer deaths and PMRs by years of -latency and years of 

exposure.. Consistent elevations in PMRs are seen for all 

categories- of ~osure between 5 - 29- years. No pancreatic 

cancer deaths occurred. with less- than 20 years of latency 

and eiqht -of thirteen' cases' occurred- after 30 years of 

latency. 

Table 35 depicts the. distribution of 56 trachea, bron­

chus ,_ and lune; cancer deaths- and PMRs- by years of latency 

and years of exposure., six' deaths occurred among those 

whi.ta maJ.es with petroleum solvent exposures of' less- than 

five years'·.. No clear pattern of increasing: proportionate, 

mortal.ity re-lated' _ to- increasinq exposure- can be. seen'. 

However,. a: statistical.ly siqnificant PMR (I. 42, P < .05) was 
\ 

\ 

observed Cor 39, of 56, cases- whose latency exceeded' 30 years: . 
. '--''-. 

Three of six kicmey cancer d'eaths shown. in'Tabl.e 36 occurred 
I 

in, white maLes with. greater than: 2S years- of exposure to 

petro-leum- solvents. with: about 3~ years of latency __ Al.l the­

PMRs. were. &levated~ 
I 

Table 37' displays, the' distribution. of seven- bladder- can.-

cer deaths- and PMRs .. by years- of latency and years of expo-

sure-.. Of these- seven', deaths, two each occurred after ~ - 4· 

and S - 9, years. of exposure. A highly significant excess is 

noted for the three: deaths- occurring- with 20 - 24 years'- of 

latency. 
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TABLE: 34 

OBSERVED' DEATHS AIfD PMRS· FOR: PANCREATIC CANCER O.CCDlUUNG 
AMONG· PE'l"ROLBmI SOLVElt"r· EXPOSED W81'rE MALES, 

BY YEARS: OF LM.'ENCY AND YEARS OF EXPOSURE 

Years of' Exposure. 

Years of I~ 5- lO- 15- 20- 25- 30+ Total 
Latency 4 9 14 19 24 29 

1-4. OBS' a a 
PMR 0· .. ·00, 0 •. 00 

5-9' OBS o· a 0-
PMR Q.OO' 0.00 0.00 

10-14- OBS 0 0 Q' a 
l'MR O.Oel () .. 00' 0.00 0 •. 00 

1.5-1g OBS· a· a O. 0 a 
PMR' (} •. O.o· 0.00 0- .. 00' 0.00 0·.00 

2'.0-24 OBS. 0, 0;· 1 1 a z 
PMR 0.00, 0 ... 00 6, .. 92- ~I. ... 57 0-.00 2 .. 32. 

2.5.-2:9- 08S- o~ 0 2 O. 0 1 3 
PMR 0'.00 0.00 14 .. 6'1* 0.00 0.00 3 .. 86 3 .. 44-

3'0+ OBS 0 I 1 a 2: 2. Z 8 
PMR 0' .. 00: ]: .. 68" 2,.5,7 0 .. 00 ~.49 2.66 0 .. 72' 1.51 

Total OB~ 0 1 4 I 2- 3 2' 13 
PMR 0 ... 00' 0.94 3- .. 55 1_40· 2 ... 49 2.9:7 0.7Z 1 .. 75 

*p < 0 .. 05 
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TABLE 35 

OBSERVED DEATHS AND P!mS FOR TRACHEA, BROHCIIOS'" AND LUNG 
CANCER OCCCRRDIG AHONG PBTROLEmI SOLVEN'r' EXPOSED WHITE 

MALES" BY YEARS or' IATERCY AND- YEARS- OF EXPOSURE 

Years- of Exposure 

Years. of 1-- s- 10- 15- 20- 25- 30+ Total 
Latency 4'· 9 14 19 24 29 

1.-4 OBS. a. 0 
PMR 0 .. 00. 0.00 

5:-9 ass; . z . o· 2 
PIG. 1. ... 4-9 0.00 0.77 

10-1.4 OBS' ~ 1. a 2 
PMR 1.19 1..0.0 0 •. 00 ct. 65· 

1.5-19· OBS 0 0 2. 3 5 
PMR 0.00· 0 .. 00' ·2.01 2 •. 73 1 •. 30 

2.0-24 OBS Z 1. a a 0 3 
PMR 1 .. 58. 1.1.~ 0: .. 00. 0;.00 O.OQ 0.64 

Z5-29. OBS· l. 0.· 0 2 0: 2· 5 
PMR 0 .. 94- 0: .. 00, 0' .. 00: 1 .. 24- 0.00. L.30· 1: .. 01 

30+ OBS: O' 1. et 4- 5 5 20 39 
PMR 0.00 0.,59 L .. 7~ 2 .. 23 1.17 1 .. 30 l' .. 4-9, 1 •. 42* 

Total aBS 6 3 6· 9, 5· 7 20' 5'6 
PMR 0.74 0.50 0.98- 4.28* 1 .. 17 1.33 1.-49 1 •. 19 

* P < 0.05 
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TABLE 36 

OBSERVED DEATHS AND PMRS' FOR KIDNEY CANCER. OCCORlUNG 
AIlOHG_ PETROLEDi! SOLVENT EXPOSED- WIlITE. MALES-,. 

BY YEARS OF LATENCY AND YEARS: OF EXPOSURE' 

Years- of. Exposure. 

Years of I- S- 10- 15- 20- 2S- .30+ Tota~ 
Latency 4, 9: 14- 19 24:: 29 

1-4 aBS: 0' 0 
'PIG:. 0.00' 0-.00 

S-~· aBS I. 0-. r 
PMR 9' .. 04 0 .. 00 4,.39 

:L0-I4, aBS 0- O· :L 1 
PMR. a-.Oct 0 .. 00- 9-.2.5 3 .• 77 

\ 
1.5-19- aBS 0 0' 0- 0 0" 

PMR 0'.00'· 0.00: O~.OO' 0,.00- ''-, 0' .. 00' , ....... 

'------2.0-24 085 o· a 0 0' 0 0 
PMR' 0' .. 00 0'.00' 0·.00- 0 .. 00· O.QO- 0.00 

25-29 aBS' o· o· 0 1 iaa 0 1 
PMR' 0 .. 00' 0: •. 00- 0-.00- 2'0 .. 08:: 0' .. 00 2.6~ 

3"0+ aBS o. a a 0' ~ I. 2 3 
PMR. 0 .. 00; 0.·.00 0.,0,0 0 .. 00 0.00 3·.55 1 .. 89- 1 •. 48 

Total. aBS: 1 o· 1. 1 O. 1 2. 6. 
PMR 1 .• 60 0.00 2.16 1.2'2. 0.00 2 •. 49 1.89 1.64 
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TABLE' 37 

OBSERVED .. DEATHS, AND· PMRS FOR BLADDER AND. OTHER. tJlUHARy 
CANCER. OCCURlUNG AMONG. PETROLEUH SOLVENT, EXPOSED, 

wraa:t~· .... tBD lUr.ES r BY YEARS. OP IATENCY AND: YEARS- OF EXPOSURE 

". Years: of Exposure.: 

Years: of 1- 5"- 10- 1S- 20- 25- 30+ To.tal, 
Latency 4 9 14- 19 24 29 

1-4- OBS' 1 1 
l'Mll 14 •. 08 14 .. 08 

S.~; OBS. 0 0: 0 
PMR. 0.00 0'.0.0. 0.'.0.0' 

10.-14- OBS, Q Q. a a 
PMR,' 0.;.0'0, Q~OO 0:.010 0.,00 

15-19 OBS a 0. 0: 0. 0. 
PMR, 0.' .. 0.0.' 0. •. 0.0. 0..0.0. 0..0.0. 0.,.0.0., 

2'0.-2,4, OBS. t 1 0 a' 1 3' 
PMR 7.0.9; ll.1J 0. ... 0.0 0 .. 0.0. 6.70., 5· .. 89* 

25-2'9- OBS o.' 0: a a Q. Q- 0. 
PMR, 0.:.0.0.- 0' .. -0.0: 0' .. 0.0.- 0..0.0.- 0. •. 0.0'· 0..0.0. 0..0.0. 

30.+ aBS 0: 1- 0.' 0.' 0. 1 1 3 
PMR. 0.0.0 5.56 0..0.0 0'.0.0. o~.-Qa' 1.15 a .. 4S 0. .• 77 

'l'otal OBS Z 2: 0. 0 1 1- 1 7 
PMR 2'.20 3-.25 '0 •. 00 0., •. 0.0 1.8'1 1 .. 39 0..48 1.16 

*p < Q· .. o.S: 
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Table 38 compares the PMRs' for each major cancer site 

among the cohort subsets of a) group, I, all solvent expo-

sures, among all sex. and race groups, b) group II, all sol­

vent exposures amonq white males only, and c) group III only 

whi te males. exposed" to only petroleum solvents. Despi te' the 

relatively smaIl. numbers of deaths', for most site specific 

cancers,,' the reported PMRs for each: qroup have' remained .,' 
relatively stabla. Slight reductions, in. the value' of the 

PMRs for kidney cancer, and genito-urinary system ar& most 

notable. ,The' reduction. in' PMR' from, 1..80: to 1. .. 64 for kidney 

cancer' and 1. .8~ to: 1: .. 64' for geni to-urinary system for whi ta­

males with only' petroleUllL solvents would appear to' infer 

"that. pe.troleum., solvent exposure: in" conjunction with some 

deqree, of synthetic solvent exposure may' increase ri~k of 

kidney disease while" exposure only te, petroleum solvents, 

carries' some risk.. This' finc1:inq: is, consistent with the 

analysis, done, by:, Brown and KapI,an' (25)" in, wbicn an excess 

in, kidney and' bladder cancer found in· dry cleaning: workers 

with. at least one year of peE. exposure,. was al.so eliminated 

when workers nth.: only pcr' were analyzed. Any excess, in 

genitourinary cancer deaths occurred in that portion of the 

cohort with PCE and petroleum' solvent exposures... Petroleum 

so'l.vents may' in fact act as: nephrotoxic and initiators, of 

kidney cancer with. PCE. being. a promoter of ca'rcinogenesis at 

the: same site. One kidney' cancer death was' found among the 

36 deaths occurring: in white males exposed to both petroleum: 

s,otvents and~ £ICE. . 
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TABLB 3& 

COMPAlUSON OF PIIRS FOR SZLBCTED CANCER AND HON-<:ANCER SITES 
BY COHORT, GROUP,. BASED OB SEX,. RACE, AND SOLVEN'!' EXPOSURE 

Group: 
Sex. / Race:. 

I 
A~l 
All 
1150 

Solvent Exposure: 
Tota~ Deaths:. 

cancer. Site· 

Al.! Malignant Neoplasms' 

Digestive orqans
l 

Esophagus 
Stomach 
Intestine Excep~. Rectum 
Rectum 
Biliary Passages. ., Li.ver 
Pancreas 

Respiratory' System 
Larynx-
Trachea, Bronchus',. a Lung 
Other Respiratory 

Prostate 

Urinary organs 
Kidney' 
Bladder' &. Other 

\ 
i 

, 

Other &; unspec±fied Sit~s. 
Skin 
~a~. { 
Bone . 
Unspecified Sites (min r) 

i 

Lymphatic .. Bematopoietid 
Lympho-Reticu'losa'rcoma 
Hodgkin. ,. s· Disease 
Leukemia. & Al.eukemia: 
Other Neoplasms· 

Menta~, Psychoneurotic- and 
Personality' Disorders 
Alcoho~ism. 

Genito-Urinary System 
Acute Nephri.tis 
Chr.onic Nephritis and. 
Renal. Scleros:is 

*P < 0.05 **P < 0.01 

1.04-

0.S6 
0.99 
0 •. 30* 
O.7Z 
0.78 
0.72: 
1 .. 50" 

1 •. 17 
1. .. 31 
~ .. 16 
1. •. 3-8 

0 ... 96. 

1.25· 
1. ... 80' 

.... ··,_.0.90. 
'. 

1 ... 29' 
2 .. ¢2* 
1. .. 2.1-
Z .. 98 
0·.9'1 

O .• SS 
0· •. 87 
1..Z2 
0.58 
1 .. 48 

2.63* 
2 .. 73 

1 .. 81** 
3 .. 95 

2.7S** 

II 
MW 
All 
998: 

PMR 

0.91 
0.87 
0.34* 
0' .. 77 
0 •. 74 
0.88 
1.65 

1.22. 
1. ... 37 
1.21 
1 .. 54: 

1 .. 37 
2 .. 00 
0.97 

1.22: 
2.40 
0.9'2-
3: .. 39 
O .• ·SI 

0.66 
G.al 
0.68' 
0 .. 4·0 
1.05 

2'.35 *' 
2.~55 

1.·76* 
4.63 

rII 
MW 
PET 
831 

PMR: 

1..03. 

0.83 
1..07 
0.30* 
0.60 
0.88 
1. .. 20. 
1.45 

1 .. 20 
1. ... 2.6 
1.19 
1 ... 90 

0.9-1. 

1.3'4 
1 .. 64-
1..16 

1. .. 3:9 
2 .. 55 
0.87 
4 .• 11 
0'.-99 

0.58· 
0'. 76~ 
0'.85. 
0.32 
0 •. 86 

2.60.* 
2 .. 73 

1.6'4 
5.52 

2_1.1. 
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Power AniUyses 

Estimated power for se·lected. cancer sites at varying 

levels of relative risk are presented for groups I, II, and 

III in tables 39 to 41 respectively.- As the total. number of 

observed deaths in· each group decreased,. the power to detect 

a: statistical. significance in proportionate mortality also 

decreased: in a predictable manner for each site' specific 
~ 

cancer. The ability to detect ~ true risk of 1~5 in overall 

proportionate mortality due to cancer was nearly a 

certainty... For a true ralative risk of 2..0·, power was ade­

~ate ( > .. 80) for the 9enera~ category of- digestive organs­

anci for lung cancer. At relati va risks· of 3' .. 0, power was· 

adequate to:· detect excesses.· or deficits', in:· stomach, intes­

tine,. rectum, pancreas, prostate, and urinary bladder 

cancer,' leukemia- ". aleukemia, and in· the. general category of 

lymphtic and': hematopoietic cancers. At a true re-lati ve risk 

of 4-.0,. cancers of the' buccal cavity and pharynx, esophagus:, 

kidney, and lympho-reticulosarcoma. were adequately detect­

able. The· power' to' adequately detect a true- relative' risk 

of' 4.0, was: lacking for some, rare· site- specific cancers: to' 

include the .the liver', peritoneum, . larynx, ma'le breast, 

skin, bone,. and Kodgkin'-s. disease'. 

Restrictions in Interpretinq the' Results 

The. results presented here- should be- interpreted with 

caution, and used. as a basis, for further studies.. This cau-

tion is, predicated', on. the' following reasons. 
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TABLE 39 

ESTIMATED, POWER FOR OBSERVED AND EXPECTED DEATHS 
FOR SELECTED CANCER SITES AT VARYING LEVELS 

OF RELATXVE. lUSK 

Cancer site· 

Al.l cancer S-ites: 

Buccak cavity ~ Pharynx 

D~qestive Organs 
Esophagus. 
Stomach. 
rntes.tine Except Rectum­
Rectum.-
BiIiary Passaqes & Liver 
Li.ver. Not. Specified: 
Pancreas, 

Respiratory System_ 
Larynx 
TrachearBronchus,,&. Lung, 
Other Respiratory 

Breast 

Female- Genital. Orqans 
Other Parts· of uterus 

Prostate· 

Urinary Orqans 
Kidney 
Bladder & Other. 

Other & Unspecified' Sites 
Skin-
Brain 
Bone 
Unspecified Sites' (minor) 

Lymphatic &: Hematopoietic 
Lympho-Reticulosarcoma 
Hodqkin '·s· Disease 
Leukemia &: Aleukemia· 
Other 

OBS EXP' 

1~7 109.54 

a J' •. 28 

29 34.65 
1. 2.5'l. 
2 7.37 
9- ~0.95-

3' 4 •. 07 
2 1.96 
0; I. •. 18 

12 6.12 

44 3"0 .• 87 
2. ~.55 

4-1. 2a.93. 
1: 0:.390 

. 2. Z.21 

1. 1 ... 75· 
lc 0 .•. 41 

8: 8 .. 94 

10 6· .. 30 
5 2.46 
5. 3.84-

13 11 .. 62 
5 1.68 
1 2.51 
1 a .5S· 
6 6.-11 

10 9.54 
5· 2 ... 71 
2: 0-' .. 9-8 
2 4 •. 22. 
1 1 .. 6:3-

Relative' Risk 

.99 

.. 20 .44 

.. 84- .99 

.. 17 .37 
•. l3· .. 73 

-•. 44' .86' 
•. 23. .51. 
.15 .31 
.12 .23 
.,29 •. 66 

•. 8a· .. 99 

.84 .98 

.75 .94 

.99 

.99 

._90 .99-' 

.66 .87 

.48 .. 70 

.. 98 

.-14 .. 27 .5.7 .80 

.. 78:, .99 
• 09- .,I3', .. 2'3 .3-4 

.-1.6 .. 34 .70 .. 91. 

.15 ~29 .. 61 .84 

.O~ _l~ .24- .. 36 

.. 38' .. 80 •. 99 

• 3 O. .' 6.7 0- 98 
.. 17 .. 36 •. 74· .. 9-3 
.22 ~4~ .8~ .99 

.45 .88 .99 

.14 .2B .. 60 .S3 

.18 .37 .75 .94 
•. 10 •. 15 .30 .45 
.29 .65 .. 98 

.. 4.0 .8:2. a 99-

.18 .. 3.9 ... 78 .95 

.12 _20 .42 .. 67 

.. 23 ... 52 .92 .99 
~14 .28 ... 59 _82 
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TABLE 40 

ES'l'DIATED POWER FOR OBSERVED AND EXPECTED· DEATHS OCCURlUNG 
AMONG WHITE MATiES· FOR SELECTED CANCER SITES, 

A~ VARYING LEVELS OF RELATXVE RISK· 

cancer Site.: 

All cancer Sites 
" 

Buccal Cavity &: Pha~ 

Diqestive' Orqans 
Esophagus' 
Stomach 
Intestine Except Rectum 
Rectum 
Biliary Passages: " Liver 
Liver' Not Specified. 
Pancreas. 
Peritoneum. & Other 

Respiratory System. 
Larynx 
Trachea, Bronchus," Lunc;r 
Other Resp.iratory· 

Breast 

Prostate-

Urinary Orqans 
Kidney 
Bladcier &. Other 

Other &. Unspec±f'ied S.ites 
Skin 
Bone 
Unspecified Sites' (minor) 

Lymphatic' ~ Hematopoietic 
Lympho-Reticulosarcoma 
Hodgkin·r·s Disease 
Leukemia. & Aleukemia 
Other 

OBS EXP 

108: 98..82. 

o 3' •. 13. 

27' 31 •. 36 
1 2.37 
2.: 6:.77 
7 9·.67 
3· 3.72 
2. 1.70 
0: 1 •. 06 

12 5.62 
o· 0' .. 45· 

43: 2.9- .. 9-1 
2 1 ... 51 

'40" 28· .. 03, 
1. 0' .. 36 

1. 0.15 

10: 5· ... 96· 
5: . Z ... 3.1 
5 3 .. 65 

11 10 •. 46 
4- . 1. .. 53 
1 0' .. 53 
6 S-. 4·6 

8' 8.-70 
4- 2.4-6· 
1 0 .. 90 
2 3.86 
1. 1 .. 63 

Relative Risk 

1.S 2.0 3.0' 4.0 

.99· 

.20 .43 .83 .97 

.81 .99 
• 17 • 3 5~ • 73 • 92. 
•. 32' .. 69 .98 
•. 40 .82 .98 
.2% .48 .88 .99-
•. 14- .28. .40 .83 
.12- .21 .44 ~66 
... 28 .62 •. 97 
.. 09 .. 14 .25 .38 

.. 79'- .99 

.14 .26 .5& .79 

.77 .99 

.. 08 .. 12 .22 .33 

.07 ·.09 .14 .19 

.. 38· ... 79 .99 

... 29· .64 

.17 .35. 

.. 21 .47 

.42 .85 

.14 .27 

.. 09 .. 1.5 
• 2.7 .61 

.. 37 •. 79 

.·17 .36 

... 1.1. ..19, 

... 22 .49 

.. 14- .26 

.97 

..72 .92 

.. 87 .99 

.. g.g: 

.. 56 .79 

.28' . ..42: 

.96 . 

.99 
•. 74 •. 93 
.40 .60 
.89' .99 
':55 .78 
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TABLE 41 

ES'nMATED- POWER FOR OBSERVED AND EXPECTED DEATHS OCCURRING 
AKONG PETROLEUM SOLVENT- EXPOSED WHI'rE MALES FOR SELECTED 

CANCER SrrES AT VARYING LEVELS OF RElATIVE tUSK 

Cancer- Site 

A.l.l cancer Sites-., 
Bucca~ Cavity " Pharynx 

Digestive- orqans­
Esophaqus.. 
stomach 
Intestine Except, Rectum-. 
Rectum: 
Bi~iary- Passages_ ft, Liver 
Liver Not Specified 
Pancreas 
Peritoneum- « Other 

Respiratory System. 
Larynx 
Trachea-, Bronchus, ~- Lung, 

-'. Other Respiratory' 
',-

Breast 

Prostate: 

Urinary organs 
Kidney' 
Blad'der & other-· 

Other. & Unspecified Sites 
skin 
BOne 
unspec,if ied Sites (minor) 

Lymphatic at Hematopoietic 
Lympho-Reticulosarcoma 
Hodgkin"s Disease 
Leukemia & Aleukemia 
other 

OBS 

0'- 2 .. 56 

19- 25.90' 
1- 1093 
~ 5.70' 
3- '.9-2 
3 3:.-10 
2 1 .. 39-
0, 0.89 
9- 4>.59-
o 0.,37 

35 23 .• 77-
2: 1.23 

3.2 22:.24 
~ 0~30 

1- 0.-12 

7 
2-
5-

9-
2 
1. 
6 

6 
3 
1 
1 
1 

7 .. 3"9-· 

4- .. 90 
1. ... 87 
1 .. 03 

8 ... 45 
1. .. 23 
0.A4 
4-.4,3 

7.06 
1.,98-
0.73" 
3. .. 16 
1.20 

'Relati va Risk. 

1 ... 5 2.0 3-.0 400 

.18 0-37 

.. '-4 .-99 

.15- .31. 

.28 .,63 

..35 .75 

.19- .42-
0-1.3" .25 
e-r1. .1.9 
.-25 .55 
•. 09 .13 

.71 .99' 

.76: .94· 

.. 65- .,87 

.97' 

.99 

.82 .97. 

.47' .. 76 

.39 .. 4-1 

.93 •. 99-

.22- .33 

.12 ~ 23 .49 •. 72 

.68 .99< 

.. OS- .1.2. .20 .. 29 

.07 .. 09 .. 13 .,1.7 

.. 3.3' .. 73" 

.26, .57 

.. 15 ... 30 

.. 19, .. 4'2. 

.. 37 .78 

.. 12 .23 

.-09 .14 

.. 24 •. 54-

.. 32. • 7~ 

.15 .32 

.10 .. 17 

.20 .-4-3 

.. 12 .23 

.. 99 

.. 9-4. .99, 

.64- .86 
•. 8'2: .g;7 

... 99· 

.4g- .. 71 

.25 .. 37 

._92 .99-

.99 

.66 0-88 

.35 .52 

.83 .97 

.48 .71 
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1. The results are based on the incomplete 

ascertainment of' deaths occurring amonq cohort members. 

Proportionate mortal.ity and not mortality rates were uti­

lized,. and excesses. round could· be due to deficits in other 

causes' of death.. Kowever" since only minor deficits; in· non-

cancer mortality were· found-". diaDetes: mellitus. CPMR =. 0.74-) , 

diseases' of the cil:'culatory system: (PMR = 0 .. 92), and disease 

of the digesti.ve system (PMR .•. 0.75) the likelihood of such 

a bias, affectinq. the results· wou~ci be. minima·l. 

2.. For rare DiUiqnancies"" where the. expectecl number' of 

dea·ths. was. less. than five', .. the PMRs are- not stable and could 

be·· strongly' affected' by one:. additional. observed; death·.. The 

use. of the· Poisson' distri1:lution to' assess statistical 

significance' for these causes, however, produces a mora con-

servativ& res~t than would a cni-squara test~ 

3.· llthouqh' a priori hypo.theses reqardinq the site. spe­

cific carcinogenic- potential of petroleum solvents: were pre­

sented,,' statistical.: testinq for all sites was· accomplished', 

thus- 'increasinq, the l.iklihood that some. significant results, 

could be obtained mereLy by chance.- Since this was prima­

rily' a: hypothesis: genera·tinq study, two-tailed, rather than 

one-tailed significance tes.tinq was. used .. 

4. Because power to detect increases· in true relative 

risk of less than two' was low for most cancer sites except 

~unq, negative findings d-o not constitute good evidence for 
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the absence of increased risk. Significant results for 

sites- with low power are' more· suggestive of actual increased 

risk, since the excess will, by necessity, be larger than 

for a. site with greater' power. 

S. No information: . is available' on' potential 

confounders,. such. as: cigarette. smoking·. Since' no' excesse.s 

were found for. q,oncancer smoking-rel.ated: deaths o~ the 

circuJ.a·tory or respiratory systems" it is probable that this. 

cohort did' not smoke" more than the standard population. 

Other potentiaI conf.ounders such. as. d'iet and. a'lcohol use. 

were: unavailable for consideration ... 

&.. Al.though. plant ownership. and/or' operatorship,. as 

well as the specific' so~vent(s) in use' at each p~ant over 

time· is; well documented, a· very basic assumption has, been: 

mada that such ownership and/or operatorship. is equivalent 

to. actual exposure. This: assumption' has certa'inly- been:. 

violated at times, however, the nature. of the Oklahoma dry 

cleaninq industry supports that this assumption. is. qeneral;ly 

valid .. 

standardized: Mortality Analysis. 

Standardized' Mortality Ratio' analysis for white males 

exposed to petroleum: solvents only is. presented~ The total 

number of white males, included in the analysis totaled 1938 

ind'ividuals ~ These. have contributed a total o.f· 5'687 S person 

years of experience to the study as· can. be seen from table 

4-2. 
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Table 43 presents the observed and expected dea ths , 

standardized. mortality ratios· and 95% confidence limi.ts· for 

major causes of death occurrinq amonq petroleum solvent 

exposed white males,.. What is so strikinq: about the data is 

the la.rqe number of: expected deaths 2341:.9 when. compared to 

the· observed deaths.· at 964_ Few additional. deaths obtained. 

after this analysi", wera not included'.. rt is- worth: notinq 

that the' total expected number of deaths was: farger than the 

total white male cohort, uive· and dead', being: analyzed. As 

a; consequence,. most of the· SMRs were· siqnificantly 

decreased .. The SMRs. for three major cateqories of d'iseases 

were' elevated:, but none reached statistical. siqnificance:. 

These.-·. include mental,. psychoneurotic:- and personal i ty 

disorders (SMR: =- 2.. .. 08.,. GL =- 0:.61 - 4· •. 87), bone and orqans· of 

movement (SMR .. Z. 04) and other causes, and blank rCD (SMR -

2 .. 24·, CL - 1.92 - Z.60"). The subcateqory, acute' nephritis., 

was· al:so: elevated eSMR = 2. .. 04} Do 

Table- 4'4' pres·ents· the:. observed and expected deaths, 

5MRs, and 95%: confidence limits for selected' cancer sites. 

occu.rrinq among: petroleum solvent exposed~ white: males... Here: 

aqainr- except for cancers. o·f the' bone (5MR ... 2' .. 10'), breast 

('SMR = 1.88),. peritoneum (5MR = 1 .. 25) and. kidney (5MR = 

1.06).. The SMRs: for a~l other cancer sites. were: less. than 

~.O, and in many instances,. these values· were satisfactorily 

s·ignif icant. 
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TABLE 43· 

OBSERVED AND EXPECTED DEATHS, SMRS" AND 95% CL 
FOR MAJOR' CAUSES OF· DEATH OCCO'RlUNG AMONG 

PETROLECIf'SOL'VEN'r EXPOSED 'War.tE MALES 

CAUSE OF DEATH OBS· EXP'- SMR 95%-

lil Causes 964, 2341.,9~ Oo.41**' 0.39-

Tuberculos'is 4- 12 .. 76 0.31** 0- •. 09.-

Al.l Maliqnant Neoplasms' 164 30-7 .. 16- 0.53** 0.46-

CL 

O.O~ 

0.80 

0·.62 

Diabetes, MeLlitus. 9 2.7 .. 76, 0'.,32** 0.15- 0-.62 

Diseases' of the- Blood and 
Blood Forming: Organs ~ .. 8'1 0.4,4, 0.-09- 1.28 

Mentu,. Psychoneurotic and, 
Personali.ty Disorders, 7 4-.73: L.-4_S' 0-.5,9- 3.,05 

Alcoholism 5' 2'.40·- 2-. OS 0 .. 67- 4..87 

Nervous System. 84- 2g.3~_38 0 .. 28** 0 .. 23- 0 .. 3.6 

Circulatory- System 168, 1212.58 0- .. 30** 0.27-- 0:-.34 

Respiratory System 58~ I:6T.2~ 0 .. 3'4-** 0 .. 2'6- 0.44 

Digestive System 17 44 .. 95 0.37** 0:.22:- 0.61 

Genito-urinary System 16 4'g: .. 56- Oo.32**' 0.18'-- 0-.. 52 

Acute Nephritis- , J; 1. .. 59- 1.88 a .. 3"9- S:~5'2 

Bone- and Organs. of Movement 4 1, .. 96- 2.04 0.56- 5.2.3-

Unknown Causes: 7 2,6.,SL 0'.,26** 0 .. 11- 0.54 

Accidents 3'4- 83 _93- 0.40** 0' .. 28- 0.57 

Violence. 15 2.1.,39- 0.70 0.34- 1.16 

Other causes and: Blank leO 17'4 77.,63 2.24** 1.92- 2.6'0 

*' P < 0.05 **P < 0.01 
,-
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TABLE 44 

OBSERVED' AND EXPECTED DEATHS, SMRs, AND 95% CL. 
FOR SELECTED CANCER SITES OCCURlUNG. AMONG 

PETROLEtlM SOLVENT EXPOSED WHITE MALES· 

cancer site 

Buccal. Cavity ,. Pharynx 

Diqestive' Orqans 
Esophaqus 
Stomach. 

Jl 

Intestine· Except Rectum.. 
Rectum 
Biliary Passaqes & Liver 
Liver Not Specified' 
Pancreas' 
Peritoneum&', Other 

Respiratory System 
Larynx 
Trachea~ Bronchug ~ Lunq 
Other Respiratory 

Breast 

Prostate 

Urinary Orqans 
Kidney 
Bladder & Other 

Other &- Unspecified' s.i tes 
Skin 
Bone· 
Unspecified Sites (minor) 

Lymphatic &, Hematopoietic: 
Lympho-Reticulosarcoma 
Hodgkin I s· C'isease 
Leukemia , Aleukemia 
Other 

*p < 0 •. 05 **p < 0 .. 01. 

OBS EXP' SMR 

9-'.41 0 • 6·3' 

40' 102 .•. 45 
3. 6 •. 4:4 
J 23..43 

10 34 •. 07' 
5 12'.45 
2 5 .. 59' 
2 2.,89 

13 IS- •. 98· 
2 1 .. 60: 

60 3T.39 
1 :! •. 82 

56~ 62.59 
1. Q' .. 98 

13 4·9' .. 3:4 

13: 20' • .5"4-
~ 5: .. 64-
i 1.4 •. 91 

23 3·2 ... 31 
6 6.85 
3· 1 .. 4"2 
9' 18.13 

8 
3 
~ 
.2, 
2. 

2:3.87 
6- •. 09-
1.66 

12..53 
3.59 

0.39** 
0.46 
0~12** 
0.29*"'" 
0.40* 
0·:.3·S 
0 ... 69 
0.81 
1.25 

0 .. 89 
0.78 
0.89' 
1 .. 02 
\ 
i.88 

0.,26** 
I 

0.63 
1.06. L 
O. 46r 

, 
\ 

0 .. 7~'! 
0 .• 8:71 , 
2 .. 10 
0 .. 49* 

~r. 33** 
0 .. 49 
0 .. 60 
0 .. 15** 
0 .. 55. 

95%· CL 

0.2,3- 1 .. 3.9 

0: •. 28~ 0,.53 
0.,09- ~ .. 36 
0.03- 0.37 
0 .. 14- 0.54 
0 .. 13- 0.94 
0.04- 1.29 
0.08- 2 .. 49 
0.43- l .. 39· 
0 .. 15- 4.52 

0.68'- 1 .. 15 
0.1.6- 2. .. 2.9· 
0.68- 1.16 
0.03- 5 .. 68 

0- .. 05-1.0 •. 49 
'-.. . 

o •. 14 ';:----0.._4 4 

0" .. 3'4- 1.08'. 
0,.39- 2 •. 31 
0.19- 0.96 

0 .• 45-' 1.07 
O.3Z~ 1.9"1 
0 .• 43- 6,.16 
0".23- 0.94 

"0' .. 14- 0.66 
0.10- 1.44 
0'.02.- J .. 3 5 
0.02- 0 •. 58 
0.07- 2..01 
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Relationship between the PMR and SMR 

statistics ancl Results 

The relationship between the' PMR and 5MR statistics was 

discussed: in some detail. in the methods: and materials 

section o~ this ~eport. 

It is worth. noting-, that the~ PMR cannot indicate the' risk 

of death from' any specific cause~ but can: detect. any excess 

or deficit in the~ proportion of death. from that cause'. 

S,ince' the: s~ of the proportion-· of' deaths from' each.. cause 

must. equal. one'" a large deficit from' a single cause of. death 

will produce an excess: from· other causes. Competinq risks 

of death: can create- an_ artificially' h·igh. PMR for a 

.-particular cause' due., to' any., large deficit from'one cause. 

It ha·s been shown. that if the: overall. SMR from a study 

popu·lation· is, &ignificantly. less than 100,- as'· is the case in 

our study, each cause specific' PD. will. be biased upward by 

the amount of the. differential. (2.28-,2..29-).' Conversel.y, if 

the' SMR exceeds 1.0'0" each. PMR wi!.l be: bias-ed' downward. 

The cause specificPMR approximate the. cause specific 

SMR- if· the· overal.I SMR: is equal to 1 .. 00,. that is,. the 

mortality rates, are similar' in· the' s,tudy and· comparison 

qroups· .. 

It is worth. notinq that the .few causes· of death whose 

SMRs were- found ta be el.evated also had PMRs' that were 

elevated:.. The trends were similar., However, many of. the 
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cause specific cancer deaths whose PMRs were over 100 

produced SMRs, that were significantly ~ower than 100. 

The standard mortality ratio analysis. included a 

siqnificantly large· number of deaths, assigned to the 

cateqory other causes' andC blank ICD _ This was due to our 

inability to:. obtain cause. of death' when' our follow-up data 

identified the: individual as deceased.' .. 
~ 

The O~ahoma' state Department of Health could not locate 

a deceased. person's certificate. of death without. specific 

identifiers includinq' county of death.· This· information was 

not uways: available.. The process. of obtaininq: out of state 

certificates of death was much slower that we. had' 

anticipated.. For instance,. on December 16, 1987, we 

submi.tted a request to: obtain certificates· of deaths for l3 

cohort members who. were known- ta be dead,. to the: Texas· 

Department of Heal.th.. A. response was' received dated June 

10,. . 1988' requestinq that we: complete a 3' paqe questionnaire 
. . 

on the study before our request. would be honored.. This· was 

typica~ly the: experience we- have had wi.th a numl::ler of 

states:. 
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S1JMMAltY, . CONCLtJSI:ONS,. AND, RECOMHERIlATXONS 

Summary 

Petroleum'. hyclrocarbon exposures: and their effects on 

hea~th. have' been extensive'ly stuciied usinq~ animal mociels', 

bioassay techniques,. and. cohort morta~ity methociologies. To 

date, the evidence· for the carc.inogenicity of petroleum 

hydrocarbons has·· been inconsistent, and when present,. 

increases, in· risk have ~een' \0"''' In human: studies, defini­

tions of exposures,. exposure· ·levels., and durations of. expo-
... ,~~ 

" 

sure have, been difficult: to: s,ecify., The· magnitude of the 

numbers of workers 

necessitates: that 

exposed to. pe.~oleum fractions',. however, 

any increase4:. risks: found: in selected 
\ 

ep,idem:iologic' and animal. tox.i.col~qic studies: be· recognized, 
{ 

and their actual impact on: worker hea1 tho and~ safety be' 

specifically' studied. Structurejactiv'ity relationships have 

been undertaken. in recent years, Which, indicate: that the 

C'S,-C10: branched aliphatic fractions, present. in' petroleum. 

sorvents and gasoline- may be' respons ibIe· for some increased 

risk reported'., Stoddard solvent, has'. been·· used in' the dry 

cleaning indus·try since· ~9 2 s: and. is a petro'leum' fraction· 
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that encompasses the hydrocarbons most suspect of adversely 

effectinq human health. The archival of the licensure 

records- of the: Oklahoma- state Dry Cleaners Board has made 

possible the: reconstruction of the solvent specific use 

characteristics- of a- cohort af nearly 3',3·15 'dry cleaners 
... 
identified. as owners and/or' operators. of solvent usinq dry 

cleaninq. plants.. 'rha broad expanse of: time for which these· 

records apply has· enhanced the· opportunity to assess the 

solvent specific influences on', the- proportionate' mortality 

occurrinq: amonq. this.. cohort.. This' study represents the 

la'rqest mortal.ity study of solvent exposed dry cleaners in' 

which, the specific solvent of concern is known,. and an. index.. 

of duration', of exposure' is available·. 

Conclusions, 

A. Oklahoma. has consi~tently maintained. a dry cleaninq­

industry which haa used. a disproportionately hiqh per-

centaqe- of petroleum. solvents .... 

B. The archivaL- of records. at the- State Dry' Cleaners Board 

was, found' to' be~ a valid and complete-.. record of the dry 

c:lean·inc; industry in. the. state. of- Oklahoma. between.. 1941 

and ~98-.s •. 

Co The' solvent use characteristics of dry cleaninq pl.ants, 

were identifiable in' 99'.5: per cent of the· cases .. 

D.. Owners and family members' have represented between 2.9 

and 4-2 per cent of the total. industry workforce. 
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E. Nearly 59 per cent of the owners. and/or operators of dry 

cleaning. plants were white' males, with exposures to 

petroleum. solvents, averaging 10.5 years.,. without known 

exposure to' synthetic' solvents. The' conclusions which 

follow' are, related to this speci~ic:' subset of.' the 

cohort. 

F. No: excess. in overall cancer morta.lity was found. A ,. 
significant excess' was seen for the categories mental, 

psychoneurotic and persona.lity ctisorciers, due to 

alcoholism, qenito~urinary system due to: acute 

nephritis-,. chronic- nephritis" and'- renal sclerosis, bone­

and: orqan movement due to arthritis' and: spondylitis. 

PMRs for aLI. malignant neoplasms: appear to' be 

independent of latency and years.. of exposure.. A 

significant excesa in. overa.ll cancer deaths was found to 

occur in cohort members: betwee~the' ages 75-79. 

G·_ An· excess in respiratory_ system: cancers was: detected . 

1a~ excesses, in- proportionate mcrtali.ty due to trachea, 

bronchus. -and lune; cancer occurred among: those who died 

at aqe 65- and o~der. No' relationship-was noted- to years 

of la.tency or yeal:s o£- exposure... Elevated PMRs were­

noted for- all group with more· than lS years of exposure 

reaching' significance: for- those: with 18-19 years of 

exposure·. A significant PMR was also note for 39 of 56 

lung cancer cases whose latency- was greater than 30 

years: .. 
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H. A 4-5%- excess in proportionate mortality due to 

pancreatic cancer was noted.. Four of thirteen deaths 

occurred amoDq men. younqerthan'- aqe 65. consistent 

elevations· in PMRs are seen for all- cateqories. of 

duration- o'f'- exposure between' 10-29 years.. No- pan-

creatic: cancer deaths- occurred with less. than. 20-' years-

of. latency .. 
<II 

r. A sinqle death due. to breast cancer yielded. an elevated,. 

nonsignificant PMR havinq a wide confidence interval. 

J.. Excesses· foUnd for kidney' cancer among. the· entire cohort -

were· retained when only petroleum solvent~exposed white 

males. were analyzed.-- The. six kidney cancer de a-th s 

occurred: among- men aqed 60 - 79·. 

K.- A moderate increase' in· skin,- and bone cancer was found. 

A. sliqht increase: i~ bladder canc.;n- was- found. Four of 

seven deaths· vera among those with less. than ten years 

of' exposure and six:. of seven appeared af.ter twenty years. 

of latency .. 

L. No: s-iqnificant excesses were: found for cancer dea-ths: due 

lymphatic' and hema.topoietic- cancers or 1i ve·r cancer. 

L. stomach:. cancer represents' the only- site; for which a sig­

nificant- aeficit in proportionate- mortality was- found'. 

M·. The power- to: detect an' excess or deficit in overall or 

site-specif-ic cancer deaths was adequate at relative 

risks of four or less for most major sites of interest .. 
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Recommendations 

A.. Exposure levels, to· petroleum solvent vapqrs- should. be 

reduced by (1) training in, and enforcing good work 

practices', (2) proper plant maintenance and el.imination 

of leaks, ('3.) encouraqing the. use of local exhaust 

ventilation· to' reduce, solvent exposure levels around: 

washers· and1tumbl& ~ers. 

B. A primary f'ocus. of this, roesearch was: to carry out an SMR analysis • 

I , , 
, , 

I 

. This was' an unusual. cohor.t to· follow-up' .. First, no Social Security It 

or- date· of birth information: was available on' the cohort members',. the 

eirs.t is crucial for' a successful. follow-up and the second is important 

for.'" the: SMR· analysis· .. Second',... the rollow-up period was longer' than: 

usual,. f'erty seven ye~ .. Third,. mortali ty tapes were not accessable" 

and spec1.fic county of' death' inf'ormation had to· be available· before a 

sUccessful. search was.~· begun. or had a chance of'" producing a certificate 
''-..., .. , .. 

of'death>'Arrangements with other- state departments, of heal.th took. 

longer than anticipated or was planned· for-. , Fourth', non·-traditional 

methods of rollew-up were employed .. Inspite of' these difficulties',. an 

88%- follow-up t"ate was. achieved" 6% of which we· could not obtain a. 

cert:1ficate or death f"or the cause· of death' essential for- a successful 

SMR analysis. The budgeted r-esources were not adequate to complete the 

study and do' an adequate- SMR analysis. The- PMR analysis was successful, . 

but with additional time for follOW-Up,. the SMR analysis would have 

more successful. Therefore,- we are recommending. that NIOSH avail some 

additional. funding f'or one more year' of' f'ollow-up and analysis-., 
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APPENDIX A. 

PERCENTAGES' OF COMMERCIAL DRY CLEANERS' 

USING PETROLEUM SOLVENTS· 



TABU 45 

PERCENTAGES· OF' COMMERCIAL. DRY CLEANEBS USDfG PETROLEUM'. 
SOL'V'ENT, BY STAn AND In OISTlUC'r, 1963-1974 

District and- 1963: 1967 19-74a 
State 

Disrict ~ 30· 2;~ - 2.2. 
,. 

Connecticut 27 20· 
Maine· 42 34 
Kassachusetts- 2.7 22 
New- Hampshire 49 28: 
New ~ork 2.7 n-
Rhode :Island. 39 lS 
Vermont 58- 61. 

District :Ir 38 35 35, 

Delaware. 39- 29 
District. of Columbia 2.4 16 
Maryland 37 1-7 
New. Jersey 2.9 2.6, 
PennSY'lvania 17 37 
Virqinia; 5·3' 44 
West Virqinia 5.7' 5~ 

District :III· 67 
" 

65" 36 

Al.abama -69- 64 
Florida 59' 54-
Georqia' 72 . -71 
Mississippi s:t &3 
North. Caralina 67 64-

.: South Carolina 72- 73 
T'ennessee 58 sa 

., 
District IV 14- 3·3.~ 27 

Indiana 45 43 
Kentucky 50 47 

..; Michi.gan 34 35 
Ohio. 2.5 2.3 

<; 

.-



BarR. 45 . (Continued) 

District and~ 1963" '1967 1974a 
state 

District V S4 52 28 

I~linois 52 5:t 
Iowa ~. 65 64 
Minnesota.: 40 36· 
Nebraska 65 6~ 

North Dakota· 63' 68 
South Dakota 70' 67 
wiscansin 54 SO' 

District n 73" 74- 4-Z 

Arkansas. 8~1. 82 
Kansas .. 71- 72 

. Louisiana' 72 72' 
Missouri 63: 59' 
Okl.ahaJlla< 73.· 75 
Texas 75.· 78 

Distri-ct vrr 44' 4~ 2.7 

Arizona 44- 49> 
Co.l 0 rado 4-~ 43 
Idaho! 72. 67 
Montana 5·8, 60 
Nevada. SO 12 
New Mexico 65'· 67 
oregOrL 5:Z 4& 
Utah -60 5"4 

_ washington 40 4-0, 
wyomfnq 11. 67 
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District and 
S,tate· 

District Vl:U 

Alaska 
Ca~ifornia 
Hawaii. 

United states 

TABLE 45· . (Continued) 

~63 1967 

3Q'· 2.5 II 

48 46 2.6 

apigurea in 19:74. are: for plants· uainq petroleum solvent. 
only.. Including. plants· with both petroleum. and PCE' 
fac.ilities-,. the· 197~ petroleum use, on a. national 
basis was. 32.. per cent .. 
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APPENDIX B 

CHEMICALS' TYPICALLY USED ay, DRY. CLEANERS 

FOR SPOTTING 
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CHEMICALS TYPICALLY USED BY DRY CLDltERS 
FOR SPO'rrING 

Acetic-acid 
Acetone 
Ammonium- hydrorlde 
Ammonium- silico~ f~uorid&. 

Amyl acetate 
Amy-~ a~coha:r 

Benzene 
Borax 
Butyl alcoho'~ 
Buty~ ce~lusQlve' 

Carbon disu1fide 
Carbon: te.trach~oride 

, castor oil 
Cltioride of lime (calcium 

chlorohypochLorite) 
Chlorinated soap 
Ch:l.oroform 
Cresylic acid 
Citric acid 
Oiethyl ether 
Dry' or we.t. cleaning soap 
E.thyl ace.tate', 
EtnyI.. alcohol (denatured 

with methanol) 
Kthyle.ne'dichloride 
Ethylene glycol 
Formic acid, 
Glycerine (glycerol) 
Hydrofl.uoric acid', 
Hydrochloric acid, 
Hydrogen' peroxide, 
Hexal.in 

Isopropyl alcohol 
Lacti.c' acid 
LysoI 
Maqnesium. carbonate' 
Methanol. 
l'fineraI spirits 
Oleic acid 
Oxalic acid 
Picrin' 
Potass-iWll-'- permanqanate 
Propylen&aichlorid& 
Pyridine, 
Rapid acting. enzymes 

for aIbumen 
Sodium: cyanide (rare) 
Sodium hydrosulphite 
SOdium chloride-
sodium lauryl sulphonate\', 

-sodium perborata 
Sodium.pyropbospbate 
Sodium sulphite­
Sodium thLosulphite. 
Sulphonated alcohol 
SUlphonated oils 
Su:lphurous acid 
Tetrachloroethane, 
Tetrachloroethylene 
Tetralin­
Trichloroethylene. 
Tri-sodium phosphate 
Turpentine-
Xylene 

( 
\ 
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APPENDIX C 

OCCUPATIONS- WITH POTENTIAL EXPOSURES' TO 

. PftROLEUM' SOLVENTS· 

J 

227 
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OCCUPA'r:tONS WITH POTENTIAL EXPOSURES TO SOLVENTS' 

Adhesive makers 

Ammonia:. s.ynthesis- workers; 

Asphalt coating:' workers 

Ceramic production workers 
,­

Ceqreasers, metal 

Deterqen~ makers 

Dry cleaners 

Enamel makers·, synthetic-

Farmers 

Fat and oil. processors. 

Funqicide- hand~ers. 

Garag:e' workers 

Heating; fuel handl..ers 

Kerb-icide handlers 

Leather j apanners 

Me.ta~ cleaners, 

Naphtha workers 

Oil processors 

Painters 

Paintmakers 

Perfume extraction- workers· 

Petrochemica~ workers 

Petroleum refinery workers 

Photoqraphic chemical makers.· 

Printers 

Resin. makers 

Rocket fuel handlers/makers 

Rubber coaters/makers 

Hydrog:en. manufacturinq. workers: . stainers 

Ink production workers stain makers 

rnsecticide handle-rs· Typesetters 

Jet. fuel _handlers/makers varnish_ makers: 

Kerosene handlers Wax ma-kers 

Laboratory workers, chemical Wood preservation. makers 

Lacquers Wool. process workers· 
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-APPENDIX 0 

INrrIAL LICENSURE' APPLICATION FOmr AND 

EXAMPLES OF SUB SEQUENT- REVISIONS, 
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([N II~E 1'14\) 

APPLICATION FOR. STATE BOARD UCENSE TO ENGAGE IN mE 
BUSL."lESS OF CLEA.~G, DYEUiG AND· OR PRESSING 

TO THE STAT!! DaT ~"EB~nOA&D OlF OKt.Um1lA 
STATE CAPl'1'O~ 
OKLABOIU.CITr.OKLABOIIIA 

_. 
,',":') 
~,,:,. 

'l'be 1IIIIWsi~ agpllcaut h~ makn·appi.IaIdoD far IJnae to ~ ia tile ~ ~ DIi-or 
...... ~.panaaDC. _ tIIe,pmviaialaot Halla am NG. 232 at tile El8bteeatJa·Ok l ...... 1 ... 1.,""10 &lid. 

arulaaad ~ prowDQ' ..... aad IdGpmd bF til. stat. Dry a-a... Boad. far ~ ~: betuhli"K 
... AI.4fS:' 1._ ..... 1911·" ...... eadIac: D __ 3J..1M~. aa&a. ......... a •• ~ aad; 
ill NiiiM'CiaIt u..w.ntll~: . FfD.f:I-. 
L a-2U- r.i:io..., e.L..e'&;.N~~ ... : .... _. __ ..... _ .. 1' 7· .. E;. MIT. i'f . .t6- • 

....... .... ' ... "-'-' ................... 1UI .... _.qp=.... ..........-..- _. HI-.. 

& AW!cppt iII~ : eoa.t .... _._ 

3. O-'afc:leaDUcd)'8iDcaalkr~emNW"' ... nt iII·~Nt ~tA.'-L~ft (N_). 

4;. P'loprJlltar f1r1llallqW' \a:ad.ift dlarlatbenDl r.. .. ____ .~ __ ..... _ ...... ~ . (Kuaet. 

I; stu.· ba. ro. appUQat ha- __ III the- cIeaiac.. dJI!iq IIIIi.ar ~ ~ 

Cat' fA OIdMCIIPPl 3s-. .. -.. ns: ~..... .......... .rra. 

L X."Ic&llUd:llall,eaPI~"'l.la.U.basiDllJut~r ~ DrwiDc!'· .. PI .• !.~ ,.,F,..~. ,..__ ~_ 

'To Stata-bel.ber.appIicant iIltada to ..... ja·dreblla-;af CIaIIiDc' : ~ .; PJ: 'nl.. . ,..---- ,.... .. - .......... 
&. ea.applicutoplnla.IIIl..-:r! ~. ,....... . 

,.. Glq dwa Iptlwat buiIcfiJIr III wIliclt .... bll.!mwrt fa, ~ EJ . ..,..~ ~ ......... _ .... _ .... n' ...... _ ..... . 

.................. ,;..~ ............. rw--eP ..... I ..... , 

let. Gl.,., I1IIJIIbe of' t.hefol1ow\~ macbi .... aDd ~1IIt IIIIIl b,·aoIIticuIt iD tJIe..4". 0;- ot laia.. ita· .,.... 
-.; Boilers .. t ... _ .•. JL.P •. ~ ...... ; Pz-..izIc:Y.dd_L .. -I~ ...... ; Wah..- t._ : .1M1-.. _'!:"_.: 
PI ewnlterL .... _ ...... :.stma. t .. n. r'Dr7fqoa-~ I ._.:T! II n ..... _ .... ; 

KlaItaf CIaainc FlIIid UIIIICl ... 'S~ ... ,t): S.~._ ...... _ ..... : No.. Deliftl)" 'I'l'acb , ..... _ .. . 

11 •. Gi ... eldire-aIIIGaJIt,of;z-.d..mll1LdJeitJC ...... ~·~daM-cblriDcPl .meyr. S· 27(t.~ 

l2;. Lia!D8e- 'Pe&o(s,. ... ~ ~. parable teSta&e- OIT cteu.nt. Bard fit ~ ja. ...... '--ith.. 
blUed OIl ONE ($1.00) DOLLAR .,.r thouIaad aD 1P'1'-'" basillesdolle- dllriJlc pnc ''''If ~ 7'1& (Prg.. 
viclecLtbt lIO.f_siIalI._ia.uqo:sam lesa:tba.cl TH!LEE. ($3.00) DOLLARS or_ taD· FOKTr 1$40.(0) . 

. DO~I! ~ _not·emaurea·illllhlt bu.i_ar.thetimaaf ~of tbia.a: u.. bJs.GI!'iD.~ 
..... (Ilesistra&iDIIt f_ sJIaU'be'l"E:f ($10.00): OO~ 

1&. "~~Tb.anfallll.U- by t!Da. Boerd:. or .. DrF a.a..1br& at. ~ adIIr ... r-
'7l:. ..... ___ . It .... whe.... . ...... __ .:..... . ..... ~ 'IrII..r ...... _..... ........... . ....... __ .......... __ ....... _. __ ... _. ---

AR'PRO\T.D nns· DAY OF' 

STATE DRY C1..EA!'lERS r.OARD 

By .......... .. - .. ······ .. Cbi~·· .. · ... . 

~ ~Q. . . ~/ .. i.r:.~.. .. .. _._ ....... . 
Iuua . .......... 'j.'~:: ... ~-::.. ... ...... ~ 19 •. ( 

.... 1M! .. 
..... : .. _ .... lQ...c • LiT. u.flg" s/ 

.-.. Jr. « .. ' .... i=::: et;...:t.;::. ... .. 1_- . 
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(tit US£ 1q41; - 1949) 

, APPUCATION FOR STATE'UCENSE TO ENGAGE IN THE 
BUSIN~ OF CI.EANIN~ DYETNG~ AND/OR PRESSING 

The 1UId~'IIIIIIICItftt ~I!'t-m. unllaltIoa tor llelaeta ~ ia the cleudmr. dninw aadlor 
,....... ~ ....... ra tJw Pl8riQalltfll • O. ~ 1"1~· 141 to 7M, induiYe; TItle &9. Chap. IT •. 
PC. 191. s.naa. Laws l!J4I. .... tile-"... aDd renlatlDu praaaJattd IUtIf adoJlted b, the- Slat. Orr C-. 
a.nt. tor a.,.;ad becilllllllC' wHb· daGt 01 r.ataC aad mdlq DECDOEB 31. 194-- aDJea ................. 
.. 1WlIUd. ad: Ia...........w. tbenwitb stat.:. 

L AppIkaat • Wbi ..... '--_~ ___ :. CoIar-fl ..... __ _ 

&. __ ~ CD Isae •. ill ~ .. d,.eq: andIe ~ tMatri_ .... ~ 11Difan-:.-____ _ 

T. sm.. wtIetIIw __ at intlDds til eI'ItPKe ill' U. baII_ til" C1ftlLin.~?~~ 

L ~~kut bIa·l'urniUleltwttll &'CDP3" of u.~uIa&JGD lor~ . ., .u,. cl.uia,l" plat- is: QIda. 

.... r y_ (~J Ncac (-J~ 

Ii GI_ ~Ioa of buildln..-III: whfdt eJltallH-hmmt: ia to be-I ...... and· fumiab· dn1rin1ll. ~,becIt tJl til-. 
99dcnt.1f" ~ "',« __ ,..1, Wed(L". 61- t'f.L.,,-/~l( J.r- q ~ 
MJUI!,_T v / .. 

IL GI ... maat.raf tbe.lolJDwfn~ nrachJu~ .......... to·".-d b7'.~ III tbr ........ of hfa .. tw 
b I III: ~;lt;p~PI I. wpM_ .. % : W~:. Eztnctan-.L:~. 
PDtMP I r~~ ~ Kaaa., cr Cabl~;, TumbMn I KIad at o.aiJIr nwcI 
tatben ...... '*~ ",all: at: til. abcmt ~ f4 sa.t.caRia& .... bwdua: 
... ~ fardJ'f~~t~ ____________ _ 

11. wm: """Icmt~ _ qadCT K l'GIDeotlal;r~t.....:;4;"~;;K;... ___ _ 

I%. WUra"pOcautcioMIT -tick leel-nin .. dJelac UId ICIP~r~At12:w:1i'-________ _ 

= t.iaDaf. pw. oC 111.00.· ptu-, nrtsfnat. imrpIetlfta: I. an:l&~ & total at Il10.00 payable toSta!enr,.a...... 
a-rd,af Oklabom& is, encIaMct h...-ith' (Chedl.l.r.'"'MoM?· Ordw::1. Cuh Q,) 

NOTE:. ~tCJll' r~ or- $35.00' dOft! not :IfIpl,.- to. ~lUI'"at World: Wae- rt. 

1.. Haa. &llPlkanc- prprfauaIy IIeeIr, muaedr .11eeaNr by' til .. Boarti or a. D~ CleaIII!I'II Hoard aT an), ather ItaaeT' 
y __ • ~Q -'. (f UIIWft' is)"ee;. !Dve- dottalaillllat.;,.· _________________ _ 

15.. It appiicant ia :t \·etrnn: at· World' WII1" II ~ MI""tce Seriu l'{o.. ________ _ 

Datld~th.~'---.::;:;:;..;+'------'dUla:,.I/af-~ff· --, /'-.----.T, -..I94.z.. ": e.~le~ ,4!u-~ 
Applicant'". Sivnature 

(n" 111'4 mle b.low thi~ line) 
( 

Ry~----------------------- . u--. NIlDlIwr ,~gJ~ 
ITA d' 

.-

Jteceipt: Number. ~-%r­

"7// Depo!Iit SIiIl'~Q,o __ ........ -J.----



233 

(Irl USE 1950 - 1965) 

APPLICATION FOR STATE IJCENSE TO ENGAGE IN TIlE 
. BUSINESS OF CLEANING. DYEING,. AND'OR. PRESSING 

It. s-..".icUIt baa. ~ witlJ. .. Pamphlet. CDD"'~ a: CUIIT of tJw La ... Rula &ad. 8a1ra1a&~ of Itria­

*pwtuwutf"Y_("'::. No (_) •. 

1 .... GJ_ ...... at ~ t~ ~ UIIIt eqaipweut to .. 1IJIfCl b)' _icaat 1ft lb. ~ of Ju.-_ib-

... - : ~; H; p~ ~ " ....... _1If _;: WuIIera: IZ-..: ~: Pc .. 
~;. SHIll' tZ. Drrtac Raa.a. or Cabi ..... ,. ; T ........ §_: Kind crt CI ...... FIDid . 

_be-,..s: PetnI_.O; ~c. x.ui'Cit-u.u..-~ of' sabIot:antJaI. tGaatrwtiall .... ...... 

fMtund. rar dIr ~ pm" •• !- ..2i:s:ezz2fll'"'.::: ....... =---,::t·~ _____________ --:_ 

1L WIll ~pUcaDhp_,.'_·&8IIIICT arSUb-Staao.-u-nm. ott.r ~.t't'.=....;. e-~. 

1Z..wm.~_UIf!+daJun~~Uldlor~iq.r I~)f;_". .'~ 
l&.~at'BaiJee[ .... ,~_eam_aIIIlaameOC' ~i..4i.~(j"/t-IJ($- (!;,'. A)~' 

; 

I.e.. LIaaaR Fe. a!'$U.08. pilla ,ortctaal irrspeetJo&· fee or ~ • totaLu(- SIWl.OO: payab!etu ~Dr7". a..-.-
, .../.. .# 

~ at O\cWmaal· i8> enera-t. berewitllr (Cheek ~ . ...,. Ordar )4 C»b cr.) .u-nt- ~ut;...;::a,,,,,==, __ 

.. Nom: lapectlaa·t_of·~ tIDe nM"apr1r- to vetel'lalBa£\YorId;'War IT. . ~ 
lLHaa-appUcut ptriiuua&!I' beee.rft"UMd ~ Lamre by thi. BrIud or a" Dr,- crmnen-Ua.rd of an)" cn.Ih!r!We!' 

y __ N'~ If' ~ w. Yft.. !tiT. r::une-ol Slate- ___ _ 

ut. If appilcaat. ~ a 'A!tftur of Worfti \\~IU" II' IlivP Ml""ic:w Serial :'\0. ____ . __ _ 

0. .... --4 a t-' day o( ~~~~:; 

~
. lai.q;.,t~ ~ .. !:.~--._ ::7' Appi" ~ Si~ 

(On not write IHMu"', Ihi8 line, 

nENIED 
API"nOv£I),. Tins: _ DAY OF _____ _ 

~"TATE: DRY CLEANEIL'I nnARD Receipt Sumlwr ._t./-~L _____ _ 
~·----'------~/~5"~5~.-------
U-rta. .... --~r~_-"-r----..... ___ -+'t_., .... \1...--.~.;...!.\ __ 

~it Slip Sa:.~~] .. 6. __ _ 



• 
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(l!f USE 1966, - 1976) 

APPLICAnON- FOIt STATE UCENSE- TO ENGAGE IN- THE 
BUSINESS OF CLEANING, DYEINGr ANDIOR PRESSING 

1- Tw»ot-o-...... I .... *rl -- ..... 7 , ~ 0"'-_________ _ 

4. N.NW- of iad 'duaI -. ........... Wipu_ ...... ~ ___ ~ ___________ _ . 
~RB8'· An ''Bgpgg,s:,,, $, C.UhhSr 

7._ star.~appU • I ......... ~ ..... ,......of o.nng? .. ~_ [)yeing?_ ~ __ 
CailvOp.OIed1~ ~_ 

.. Hfaappllcanr' t..r fumiIMd wittt a,_Pta. t' 7 a ___ - USUWIir' • a CIIlP'f-of the- Law. ~CII'Id: R.gyIarw..-al- thia-

t!ll ... 1' V_ ~ 110 '---1. 

~ It app?icaHaw is. far ."... Shap" .. -~~ ....... _ giwe- "..... of- WhoI.-Ier who· wilt .. d--.-..uor PI'" 2 a.J .. $ ..... ________________________ _ 

Ill; GMt,..,... of tt.- lei ..... i.uadsiuaa ___ '!II __ fa be .... b." appji • i-.!he ... 01 .... -of his or its< 

III - __ BaiIers.-.;- H. ..,~;PNaiIut. 'Acuud. • W~ fat ... mw, . PYeaur. 

Fiitws...-;. $HI" . a,.,.. Raafna ... C I . TumDIen....-..;. Cui>vOt: 0ICd; "~i: ; 
land-at 0--. Auid fa .... UIIIIt """ h G- s,m .... 1c G(.' I., aU; at .... __ -... -Ill '._ of II t I II.' 
~ a"'* ____ '-drp~-......._--... Y ... i ... :. ____________ _ 

I t~ WHI- QClrlllcwl' ...... __ agBII:P __ SuD.S .... __ an-, OIddr.-l.""'&'IWA·y .... ________ _ 

I%. Will willi at· .. GI¥":- I .. ah d .... ~OIIdI--.....,.?,_tt.i,i:ll' ... Q'__ __________ _ 

11. "'--' of Bai .... ru .... _ .. ____ -..t. ..... at-o-.,an, ..... AJILIO""N .. • .... S __________ _ 

14_ ~F..at-SlS.OO ",~, iN - _afSJS.OO. ~tataI' of 510.00 ~ ... ~ Dry 0---. 
Board:aI.-~IS--..ao.d--~(Cuck-S',...".Oi'derct,CashO-) ......... S IS' ~ ,...s;~:vi.::l 
NQ'TE-. 11ISPICf ...... '_af-Sl5:.00 .. nae:-~. ___ af-Worfct War II. 

I~- Hia QPP6io ..... ~ -:u:wat, bal9-mu-l lI .... bp,1his Baard; Gf: cr- Dry- 0 ......... Board of- any att.r SIateJ 
v- Net'" If_i.,a.,p.._rd'SIate:-_____________ _ 

@lfapplicarur;iS~.._.._af-Wartctw.r'r ... ~s.nat No AO 3143B93 

Dahd .... ,0, ....., af.~ ... I=~-:sti' .. B ... R ... l! .. ·&gooj!LIIrIi,,_' _~ _____ -19J:aL 

C)\ H .. b,$l\) \-er~ 
-V ~icant'IS~ 

DENIED:-AnIlaVID:ntl't DA.y OF _______ _ 

STATe DIlT c:r.DIoIDS 'R'E C El V E D: 

SfAfL _I _antHS . 
...aD. 

Deposit.SIl~Noo--_ ... __ ·'_ ___ _ 



.. 
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(tit USE UTi - 1984) 

APPUCATION FOR STATEUCENSE TO ENGAGE IN THE 
BUSINESS OF ClEANING, DYEING, ANDIOR PRESSlNG" 

, ... -

L ___________ ~=~==_=:":':::_=:_:::===_-----INameof&tlh!;.h~ --_.,.. .. --
%. __ -:= ___ ~='---__:":'=----~--Tftephane No. ____ _ 

- ClIp .- '-, 
3. Tv.. ofOwnenbip: ladividuai,_.ParmIllllbip._ CutporUion _Other _________ _ -.(--4.. N ..... ., aCindmdaal -. pulDBSar c:wpwuaailicin: _______________ _ 

s.. Ptupri-.ror-..r·iD aca-diaptUrealwilJ..· _______________ cNu.i 

6. Stale ~eqwi_ ill d-ni.,.. dJeiq udlar·sn-iq ___ and p_laca&icIa: ______ _ 

T. StaM ....... appIicu& iaaada-ID ....... ia;ti-. blbIg-iII' _aLct.Diq1_ Dyftq1._ ~ _ CoiD­
~'_Ap!fll:,.r'_ 

So HM· Wieant. ~ CIInIiaha with·.· PamphJa -miniq a. CIIp1 of U. La-, Rules aDd RepJaaaaa, aC lhia 

~Y_I-lNct~ 

10: Gi.,.llUIDhIraCtbefoUGwiDcmwhizwHDGi~ to be .... hy appiicaatiD theopa'UialaoChiaaritaba ....... 
8ni1..-~H.P. __ PnIIIiq,M..m.... . W..a.. __ Emw:cms--..; ~Fi1te5--..;SCju. 
Dr')'iDc Baama,orCa.bi1l.c. __ ~--..;~ Meclrine . .KimI afClaaiq Flaid. to be:1Ued:' 
Pwtaoleuw 0: S;ratbItic a. Ia all at tile .... 'equipm-t ol Plw,nti .. waata CIdiuu,IUId, __ fJaC:mnd for dry. 

~P4~------______________ ~----------------------
1L Will appiicaat"GpIfttII all" apIIC7"orSab-StaaaD 11& ...... otMr-~ ___________ _ 

1%. W'!l1.~daUT""'" c:I.aiq. ci7'IiDIr . .adtarpz ·nc7·~ ______________ _ 

13; ~af.a.u..~tDbecurieci·lIIIIl_a{CoaqIaaJ-------------

14. ~ Fee- of: thirty-five 1 $35.001· doll~· for a. pr.-. shop or ~ pillS DTiIriDai iJ2llPl!Clian fep of tbUty-tiq. 
, 1135.001 cMIllan; a. Total of ...my 1$70.001 d.oiJara. payaDW·tD Sta&e-Dry C1esaers Buant. 01' Oklatwu or Fifty 

1 S60.ooldDu...fara~or Dl7Clnningplam p1uaoriginal i "",,*,tioD feeoflS50.001 doUa:nl. a &a&IIlofSl00.00 
dol ..... payahl.-IO Scot Dr7 CleIaMn· Boant of O~ ia-ead-a benwitb cCbftk'_ ~ Ordw_ 
CaD·-, "-atS' Ntxc'!"M, !·UD·r-~IIOC·.appl., to·V~loC.a.!\f.u_lEuwgeiiLt'. 
11lldi.uiua1.~UDI'fL 

15. au.appliamL pnWngly ~refuad; a. li_ !J7.1bia-Boani·or.s· Dry-CI~.BoanI:.ofaay otbI!r seate7' 
Y_ No.._Ir_iay...pft'_oCState. ________________ _ 

l6.. lCapp1icaDt.is II; ftIIInIr·of". NUismaA Enagew:)' P servi_s.na&·No. ___________ _ 

Da.i thi5 _______ day-OC· _______________ . 19-_ 

DENIED: 
APPROVED TIDS ____ DAY OF ___ _ 

STATE DRY CLEANEIl9 BOARD 
Reaipe; NwaM-_______ _ 

~tSlip Na; _______ _ 
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19:'{'6 

APPUCATION FOR. RENEWAL OF STATE UCENSE TO, ENGAGE IN THE .. .. 
(IB USE 1946 - 1948) 

BUSINESS OF CLEANING~ DYEING9 AND'OR PRESSING. 

". lDIdersirad· .",reant hermJ' DI&Iret-~" ror renewal' of· llccase· to IDP~ iD th cleaDiDR'. 

ctreinC;. amilor ~: buaineft· purmaut. tAl U!e' provi~io_ at 59· O. S. 1941 S«tiaDs in to. 756. iDcIaaiTe. 
t1t1e 59~ C1uqt. IT. PIr; l!t'T.' Se:saiaa' L&wa. 1946, ami tbe ra1a aDd· ~jon." pramwpted and adopted b, the 

State Dry as .' Board.. for a. Pftiod becimriq- J'ANU.A&Y ~ 194& acd. IDd.iaIf DECDIBElt. 3 L lIMa. \DIIe:!! 
.,... supeDdeIl or I"I!\'Oked;. UMt. in: CGII~ tbenwith state:: , .. 
L Tb-- A J t.p. I.gog1 5: Cl .. a ... -C;-:' ':.;-;;;:;;;;;-:--T------CName' at Eatablisbmeat) 

......-. ................... .,... ..... WVIII' 'u = t 
Z. -&1~«U~.tR.I..~)'-A:aYL_-_CIft'~AJ.ll!.qU"'---~·:lPi5. iii-.·;';'· .~~"'~oo.':;·, (Location of Eltabll,hment) 

'" Give entire lUDOuDt lit .Ir.Rn~.. rkaDinc.. cb"eiDtr. aacl'or' preaiac baaiDess. daDe from January 1, 194I to, 

DICelIID« 3t,. 193, f· 

So IJceaa.. F .. oi J./-J--:.:;; 00_' _._ .(."heck;("~ Order:::!, Cam ~) paJable to- State" Dry CJeaaen 

BORd of Oldabama is t'ndf'Sed. hern;itb. baled OD, O~"E. DOLLA&. ami FtFrY cz:.,-rs ($1.50). per tbou­
aaDII;..lUId, fnctioaa! put tbl!l"eOL em- 1l'l"JIl." buuiDaa-, cJan.. cturtnv: 1946. Prcmdlq that no ree shall be, ill am­
sum ICS!I- tJw" m I EEO .... · ($15.00) DOLL.UlS;· aacl pronded. fW'ther that a, pena!tT. of s:i.OOper I!tOIItb. or­
major rr.ctian, thereof. smut be- added' if .1~k:a1io11. it nnt mad. un or before Febraarr 1. 1946. 

i. Glve rota! IDDIlI»r ut eftIlIloyees. -l.... ___ _ 

T •. Gift' 1945 License- ~W!lber- .a: 10. i " . 
NOTE'~ AJq chIUIp made dlD'fDr' \,:, ~ ~eeting- ttnt abave-lJWnmaticm.. should. tMo, imlDediateir re1!Orted . 
to.- yaar State Board;., U_ back. of. tbb- ~Ication' Cor uaz c:omaldtli. or detailed:· aplanatioa, 

IN" CASE' yau- haW' not· pnrioualy. been· ~ do- not-"'use- tbis Coma. Requst this Board to flD"llish 
l'VIi' witlt. License a~ou Form. 'f ........ 

Dated'tbfa--lll.tu day at·. ~946' 

l CEA'tlFt tile iDtormaCima. COIItaiDed. 7 is trua. ~ .. . ....... - -- ---
A1IPIicUt's . 

a-~ \ . 
, ~(; nat" write beIcrwt this. line); 

APPROVED··~J..l.. DAY oy.~ 1944· 

STATE DRY CI..E"A..'fEKS BOARD, 

~-----------------------------------[Jaue NIUIIMr ________ _ 

(.-.t _________ -.' 19" 

'PWftt 11 

~, 
~\ .. 



• 
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(DI Us:t 1949- 0lILY) 1949 

APPUCATION FOR RENEWAL OF STATEUCENSETOENGAGEINTHE 

BUSlNESS OF CLEANING,. DYEING, ANDIOR PRESSING 

n. 1DI:Ieaiped: appIIcuat· henbT mate.. appIIkatioa far I'I!IInal aCliceDIe- to epp' ill tJze clsDiDl' •. 
~ UIdIor' pressIq basiDea panDaIIt'. to· the ~. of 59 a. So. au SeetimIa· 741 to 7S6, iDclusi.ve. 
'1'We 59; ChaIt. 1'7. Pap 1I'T. 0: s.: L.1941..aDIl the rule_ ~ pramulptecl_adopted by-the stat.­
DIy- a..-ura, BOard, far c.1*iDIl beataai:ac IAN11ABY 1..1949_ ead1Dc. DEcDmEa 31, 1949 IDllesa SGGDo 

1. "J.t-& .• Laaadn: & f1rr Cleaae,.. (Name.· at Eatablj"bmeat)· 
~"",,,,,,,,,,.,,-:,,,,,,.v .... 's s_ 

214 Weat. Bel.,._ "lot-a .. , JaoUOIl _______________ ..... __________ (Location at Eatablj,hmllDt)· -- ~ ~ Ro'l' 1- lIMa 
So. 0wDer al'cleaDiDC; cf7Uc. a,DdIor pniIUi.q- estM" ...... -t fa· _ .... I ....... G ... _ifJlall,l,... ... O'--_____ (N~ 

.. Give- mtL-. UIIOU.lt of. ClIO§& c'eui, drUL 1ZIdIar-~. baaiasa daD- from J~ 1,. 19t8 to 

D ..... 31..l94lI f-

5. ~ FIe of' $. " on (eba ~ HaDer Orda- 0. Cull C.) pQabIa to State. Orr CJeaur. 
Baud. ia- endcwecl henwfth. baaed· Ia ONE DOLLAll aDd FIFl'Y ~'TS ($1.50) per thoaaaDd aDdfract-. 
ioaal part. thereof. DD G".: buaiDea.. dDu8- duriDc. IS4&. Pravidizlc: that. DO- fl!ft'shall be' ill ~ sua less- tJwa· 
i'11! tEE."f ($1&.00) DULLABS; uaI. PnriUd· earths- tJaa &. paalty of ss.oo PII' -ua,. CII' major lractJa 
u..r.at;. sbIl be adIW- it· ~ __ .. ae lalla· 011. or bet ... FeIIrau7" l.. 1949. 

L GlTe tAltal alDllbllE- a; empJo,..· at Pi e"t: 3' 

~ OR th .. nI'98rR sidedlS_nfDCl·1JataL the state-LicIm .. Nma.ber. F"nt: Yuu. ~ame- of Owner and· AddreIa­
at: ev-trr Penoa.. FIrm:- or CarpantJmr ~. senecl ~. wht:desale- pries by- AllPUcant.. 

D&t8Ii t;bis. lot·" d&y at _ ... .la ... Q .... g ... • ... a ____ ~---- 1949; 

.. _W~. _"1_' ~-.~"'"'!-.,;~ ~=III'I'=-t:az.;:..·--

·Hr ________________ _ 

_ ~ .0; 
~ NIIIILbIr ~ >a • 

. r....l- __ _ 
(Form 1) 

____ ...... 19-&9. 
• RrcrEIVEll 
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(Dr USE. L950 - 1952) 1950 

APPLICATION FOR·RENEW AL OF STATE.UCENSE·TO ENGAGE IN THE 

BUSINESS' OF CLEANlNG~ DYEING, ANDIOR' PR&$lNG: 

L 
_ 

... D ...... L.A' .. l. .. t ... g.s ...... ~ .1III' .... 'A~d~ry ... ~4:::n~rr=:q~1: •• :Q~1~1r=~a-~:-;:;-:=-==;; ___ ~ at EsDbJishm-U 
r# ~,~"""". ~""-.,.. ...... E sew 

~ 21 .... 1Ie.~:J:.;;a:;:c1::.;.~a:.olr_· __ A~l~t.IZ~.=-' _____ ~.;:;"=lI:ao=~;;.. ____ (t.ac:aiiaa at. E!tabUshmat) 

.. -

'To Ginr, 1949 tJC11J1S8 Number _ ... 3..,6;U;8lo-o ____ _ 

IE I.~'" amouDt. at FIre· and 'l1laft. (Bailee)' iDsar:I.Dce. carried: aa c:astDlIIU' prmeata ami: name' or ~ 

~. ----------------------~-----

IlL 011 the-"",ana side 1lereO£flad: listed thrStat.e: t1ceI:Ia-S'IDDbc..Ftrs-~ameo. Name'o!Owuer IlDci'~ 
~ eftrT P"ersaD;. FIrm or ~ beiDsr SG'\"ect·~ wtmIesaIe price.. by ~ 

Datal thia, 10th. day IlL _~J~!!IW'T== _______ ~, _. 19!iO.. 

'" !~.-. / 
·c·p"""'~?c...--~ 

. s Slguature 

........ .. '/I', 
APPItOVED' TBIS - __ DAY or ----_. 1!5It'·.7· "'!.f1 . " 

4:.-···.:.£· 
Kec:eipt N1D!I.ber _ ..... /_.~ ____ _ 

,::'.1 ~, DetIosit SUp No. ______ _ 
.~-------~~~,~.--------
. ~ N .. ber. __ -._" .... I;..P.;;.! ____ _ 

r.ae.t.. _____ -_._. _____ .1.!5L. 

(Form. 1) 

\ 



, 
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.... 
(lB, USE". 1953' - 1956-)· 

1953 
APPLICATION FOR. RENEWAL OF STATE LI~SE TO ENGAGE IN THE 

BUSINESS· OF CLEANING, DYEDlG~, ANIYOn PRESSING 

L. 6~t,g. TeRgda 'Ad ag Cl'Me,. .. (Name of Establishment) 
______ ~ .. , ae ..... ~ WIftIo., • 'U. 

... t.np ,l'ck'on agreC 6 (Location). - -. --
3. 0 ..... at CaDiDc. ~ aadlor PftssiDC' estabUahment ia Roy '- .IIaaD Plctn, c1h1P(Name) 

". Ci. 'tIymaA 
.. GJve·eadnt II1DINnt 0/" :RIl~ '-WnIL dfei~ and/or preaiDr bl.lliaasa dime· !rom JaDUarT 1. 1912. to 

L GIve tacal· a1llllbcr o( e~at. present· ~' 

1_ eIre ~ I..iI::eIIe, SIIJDber _ ... :mliloliil.s · ____ _ 

&. Cl ... CIIIIIIE ~ FIre' and thad. (Bail.> iDs1mmca' CU'ried 011' clllrtGmer prmem. aDd IWD. at compaay~ 
"400~' SPI"1n&r1.~d; Ytr~.' &= JIal'tD. . ,. , 

9. If appljc:rticm is far Pre:sa. SJzap' c:r Aaaq' I.iczBseo rive name at rum doiD~. wholBale cleaDiDc'~ __ 

UJ. 011 t!ze. ~ sie her'eof, fiDd. 1iste'd. the Sblte License ~umbR. F"1nD.~:une.. Name of. Owner md Ad.dresa­
of eRIT Penaa;. FIrm or C~ beinl: sen-ed. ILt. W'~ prices by a1JPlicant. 

lL An-~a.V8tenurofWorhl War ... r ___ WOrld, War- (T ___ K.ol'" ___ (PI~· check one. if 
J"Oa: are .. ~) 

DuG tIaa ._290101iotatz _________ ciay of' -.I·lIoIIIle ... nn_elioli·C7~ __________ 1.95:1. 

. -- [-CE!t1IE!: die- jpf""....Ho .. _CGIl~ ~ is trueo Yd:£~3tU= a' 
Appl a SisDatID'It 

(Do- not· write below· this-, liDe)· 

APPROVED 1'IIJS" . DAY OP . ." .. 19s:L. 

ST..UE DRY CLEA.~ BOARD -... .; 
Uca.-l"f..tler ... ' I 

,"'p!~~r_ ,-.. -,', 
JAN. ". ~pt N~ 

:]1 195J- ' . 't: ~1I' NO;. 

.... .. 

&..a _________________ _ 

(Form-l) 
19 

, --..71 
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... 
em IJSE 1957 - 1959) 1957 

APPLICATION· POll llENEWAL OF STATE. LICENSE TO ENGAGE IN THE 

BUSINESS OF Cl.E.ANING,. DYEING,. AND/Oll PltESSING 

The· andersipeli &pIIU_ hereb,· mak_ applieatfoa for ruewaJ nf 1it'enH- to ennlre' in the deaninc. 
d7eiq:andior pressinlf buaiaess punuaat. to the, provisions: of 59 O.s. 19.11 ~Inmt 1.11 to 756. lUI amended 
tr,. s.ctioas- 1 toTo! Chap. 17.TlU. 50. Pap-.l9T, O.s.L. 1946. and the ruJ.~·and I"f'KUiations, promulgated and. 
adoIIWd b, tbeState-DI7'Ceaners BcIarIt for a.. period' beciAaiDlr lANt1ARY I •. lsar. aDd endi~ DECEMBER' 
3.L 1957, aaJesa' SOGJW' su.spended. or nl9Okecl,.. ... ill: cormecHnn tUnwith states: 

_ .. _ (Name of EatabIIshaumt) 

:to __ .... 2717 Oauen - Oklahgma City Oklahoma 
ClIp c--

JA-±::.L7BJL_ ._(Locatioa) ..... -
(Name) 

" en. mtin .-.at. " .-I ... Iri1IL dyeiDc, amIIor pnaiJlC basi .... · doH tram laD11&rT I. 1966,. ta-~ 

... 31. 1956. $: 
/ . 

5. I.icemse Fe. of $ •. , ... I,· Peaalty' o£ $.:_ .... _, . Total s' 7!L.S,!. "_" (Check' ~ Moor 
Order:'. Caah ~. payablt> to Stat.: D".' ClauerIr' Board· ja. encIoIIect hernrith. baed' Oft ONE 15'OI.LAll. 
aad· FrrrY CD."I'S ($~I) per thoaaand, and fractional. part thereof. on- Gross- bWliness done- ciurinlf 
1986. Providing thAt.DO.f.-e-sbaJJ he in' IIny sam-.Iea thaD· FIFl'EE.T<l ('15.00) DOLLARS: and provided 
fartMr tlmt; a. penaJtf of ~S.OO' per IDODCh..nrmajo~· tnu:tfoa til_f. shaD be- added. if' apUcBtIoIr is'DOL 
.-d.,aD4 prapel' r •. pid..oal QP beIon-- Jo'ebr-au7 1.,1951. 

8,;. Giy .. tatai na.mber ot • mp1oyees. "PftSI'IIt: _..4...-. 

To Gift' 19&. Lic:eaIIe·~IU,thw- 52ft 

8 •. Giv.·lUIIl'Uat of Ftr.- ami Theft ilmU'allCe- c:arried orr cuatollier prmellt8 anti name- of companr: - , , ---.. ----. 
!I. 1£ Al'Il1lic ltiolt is!err 'rau' Shop or A;encr LiceDse, zh'c Dame of F'iml doinl wholesale dc:aninlil': 

.. - -_ .. _---------

(Do'notwriwbeiowthia line' 

APPItOVED' TBIS.._ ... ___ DA Y' OF =--:-____ ~-~--- .. 1951 
. !rATE DRY CLEANEBS' BClABD' .. " .. , 

LiceD5It Number _--=.:::;:'_~;;.. J#'.:.~_" ______ _ 

raa.d'_.~_ 
(F01'IIl' Z)· 

-._ "-1 .Z-..... --- _ .. --..... . 

.-

.-
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(IS asE 1960 - 1964) 

APPLICATION FOB. B.ENEWAL 01" STATE LICENSE TO· ENGAGE IN 'l'BE 
BtJSnmB OP CT:EANING,. DYEIN~ AND/OB.: PJlESRING 

s. ()waro of aemnc.~ lIIdIar Pi ! , ... w!::M'""* ia An S. &. Jon S, lien.. (Na.t, 

~ Gi ... n..".. 'lU'r.aL..&II01JM'l' at eIee,,*, ~ lIIdIar ~. ~. clane-tram Juuary 1. 19IIl, 

to. C br 32:. .lE. l: 

So. t.aa. F_ of S-!'.:~ ~of-$ Total S' eG.QIJ (Cleek ~. Maar 
0rd8r n. CUb 0). pyahle to Stata Cry a-... BOU'd: iao-encIcwd h.uwIritb. ~ GIl aNE.Do~ 
IIIIi J'd'TY CENTS- ($UO)' ~ tJuwwnd..1IIIl tr.ct:laD&l ~ thereat; em· an. bu.m.. dane-~ 199. 
~. ~ no· f_ sbaI1 be iJluy _.w. tba I'D • ($15.00) COI.L.UlS;, aDd pi'O'fided fDrtIIw 
.... pIsIaIty at $LOG IMW IIIGIdII.- or ~. ~ tIIM8etO abaII budded If .pp"=do. .,DGt.made ... 
...... ,.. pMIi. CIa _ bllfan.1'eb& .. , .. l:,.l88L. 

C. Gi'R tDta111J1111J.r at empIo,.. at ~ (mit Ia:ladinc: lei!: tr ~ at tudly) __ 1 ____ _ 

1:. ar.. tatal. IIIIIIIbe> of. IUIIIt.ra aE family. ....,ao,.L (I .... mime-..an ---l ___ _ 

a;,. Gmt- tDta1 ..... pUI. Ia ~ ... 1bawIr·., ,oR SociaL Seearit). RIcant ~ ",AIIA 

-.al"PKOvEDTBIS,· CAY'OP~""'E f ~P'~--'-'-- , _____ .1960 
srATE'DRY cr.E.\NEBS: BOARI1-- - '- .., ....... 

. -
~N1IIIlW-_--::);.....;.7.1io( ______ .!~'Il[' 19c:) KeceipC.Namber _~~_.---:;-.:: ..#., ___ _ 

r-.l. J/iL, ____ :taSAI~ II~~~~ Sllp.No. _.....('~..L:l ___ • __ 
(Form. 21 1'-1 

.-



, 

. ) 

243 

(IN USE 1968 - 19&3) 
APPLICATION FOB'. RENEW"AL OP STATE UCENSE'1'O ENGAGE" IN THE 

B1JSIN!3I, OF CLEANING. DYEING. STORAGE AND/OR PRESSING 
(COIDIIWe- I11III' retana to: State Orr a--. ...... 

P.o. Bo& gl8L Ca6RtoI scm-. ~ (""117. OIW. 13105) 

Tr~ IIndenirnl'll' applicant berehlr rnaJtes ~ica1iaIt. rnr-~ Iff licenN> t.,~r ill" thPd...uasr. "rl!insr. 
sta ...... and/or pnssinlf hlWn~ JI1InwIftt to the (U'Ovisions ur !l!J n.s. 1961. ~1I"1l3 711 lu "' .... anti·· the ruJ~ 
and' rwcuJauQRS promuJpted and adopLed. by the. S~te· Dry ClPlUIft'S I\narrt. rur ;& .,..nlld Ill-srinnirur J .~:-: l: ~ It Y I. 
196&. an.tf'l'ldin~ DECEllSEU 31. 1968.. lUll ... · _er slIlIflPMelh-r novooUd. and 'n·('IWl"' .... U"" U"· ...... 'lh "t:ltl'~: 

L J(J~kl-:r:V--ae:..tL.J.Je-~~r. ___ ~______ .. _. _____ (N_ot F..'ltahliVlmentl 
. / ~""~.QpPl1l'o._.~ 

... / / / .(. G ,. AI( /'J/., r·/tl1.... ';;'~... {.';4-' '1~' L' (. --' I _ ~~~!. ____ • ______ !QI~!.. ...... CJ_r.'a.. __ ..... __ ---J";.!lL __ - ___ ... __ .-.. ; __ ............. ~tl~n 

...... : 0 • .,. r-..",- ~. 

3. Ownft' n( Cleaninc. n)"~nc, SLornn aM/nr rl'l!Sain~ E:uabli.~hmen. 1Ja/'.: d.:: t-,· _i" - '~ilmel 
4 Cj~ !:tA(TTOTAI ...... \10('~T .. f "'.i,ri.,r. tI~· .. iD~~ ,:;lOnl&P IDIJIOtr pre:...i:tlf huaillt'U dun .. (mm Janu:u;.' I. 

I. Clft: total. aumber of." employees. at· I'~ I not inwdille'. Sf'If" GI'" 1!ft"Iftber's, of" (amil y I 

To Give total rnmaber. oC membcs.: or (amil~ employed. C i~ ..-fl' / 

;. . ''i{J 
I •• • ./'; ~"i 

& Gi~ tota.l; waga: paid. ~mrloyees- ill' 196i. p. ~howll'nn ~-nur. i=<1t"i21 • ..o...:IInl\· Rt.-cnrd. S .' 

a Gl .... IlHr.. t..ic'ena Nwnbto ... .r l 'I. 
m Give. ;ucoWl~ ole Finr ami Theft. i~t'e ''camPd nIL. awromer ~ amt IIUI'Ie' nf eaDI1WI:-': 

_ .. ;r~f:~~~~~ ... __________ .. __ , .. 
11. Give. Workmu's. t:"m~un' In,"ulIJu,e p .. lic)l' !n1ml_ aDd DmINt .. r ,-um\oloWl~ 

(FurpllwtA.iL;lViDlt"two (21 or~~·~) 

1Z:' Ie APttilcat1cm is !or PrHs Sl!ap- Or"' ~~ I.i.cens& ~ z:amp- a[ Fir.a dninc: wholl'!!3Uo r.1.'anin!r: 

m;. AWi ... ticm.for.'~_;SS'llthetic:., ____ :~·_· ___ _ 

14.011 ~ ~ hft'eGC find· listed' thr F!rm N:lmr. N"aJM' of Owaer ami acldnss· of I!'\'~' Pent>n. F"inn or 
Corpar:Ltioa IIe:iIIc ~ ~t. whole!aIe, pril:c:s by' a.pptic:aJSL • 

Dated'this· _&: •.• _ day of' •• +-:-.. 4::-. __ .... ... . 1968., 
)L .t.~. • 

~-..;:.=,':~_:~'::..:::' 4.:'-'-(( (t_ . . , 
~ ", . 

Appficun:·s Signatur'e: 

RECEIVED: APPROVED THIS: ____ • __ OAT OF" ......... _.. ••••. __ , 

STATE: DRY CI..£A.'IlERS BOARD' FEB ~ 196i 

u.:en.. Number .. 

I .. ed .... 
(Form' 2) 

STArE. i:K''' ~ ~um~ --, 
ICARD 

0epaIit Slip ~o. ___ ..... 

..... ". 

l~, 
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em. CUIII.EBt USE 1984 - ) 

APPUCAnoN FOR RENEWAL OF STATE UCENSE TO ENGAGE IN THE 
BUSINESS OF CL£ANjNG. DyaNe;.. STORAGE ANDIOR PRESSJNG' 

Compleat &ad. NSunl· ta: State Dr7 Cteaaen Boud. 
Roam:.3Q7 4001 Narth UncaJn-, OkJahoma. CIty,. Oklahoma' 73105, 

n.~ applicaat hmtby maW appliC8tilm iarl'l!l1ewa1 of license to eftIIlP,ja' tM dUDiag. dyeiq. 
stanp. aDdIar pre!IIiDw buaia_· punua& to, tbe proYisiaaso£: 59 O.s. 1983: Sectiaaa 741 t4 75&. ami the-ruJes and· 
rep1aD0ZIS promulpmdaad'adaptC by datStacaD1'7 Clamn Board, for a period hegnmiDJ JANUARY 1. 1984 and 
~DECDtBEB. 3lo.1SM"IIIIlau..SlGlleM"L ,t.GrreoraUG; ami iD··.,........;gn.dlemrith stares: 

1. ___________ --:==~':"'":=~~=__------'(Name of Establi·bm."t! .... _~,."q __ .T_ 

2. II «aeon) 
_ aq,. ~ 1:_ _"-' 

3. Owaer of. O"nins, Dyeiq. Stanp'aDdIar Preaiq' Establ.isJl:laa.t is (Namel 

4... Gi,.. EXACfT01:AL AlfOmrr of dl!llJliJl&; dyaiDg. staraparmJar preaiDg. busiua. leswhales&le-work d.au 
fraIILJiIImaIy 1.;. I98:f'fO DemmMr 31. 1983. .,s· ___ _ 

5. t.iaaa F.ofS P.alty ofS Total $- . (Check _ ~ 0rd8r _ Cah---l. 
parable to Stat& Dry C1eaIIIII"II SouQ is eadaIal herewith. bued 011 two dollan 1$2.00) pertbausuuL mel &actional _ 
part tbenai 011 graa bWIiDeu lela wboIesaJe.warkci.omt during 1983 • .so re. shall be in aay sam 1_ thaa tbifty-five­
($35.00) dollars fara-Pn!u sbaporApDcy. cwemy (S20.001 dollan Car aCGin.Qp aDd. fifty, SSO.OO) ctollan Cor a Dry 
ClaDiq.pl.ut.lCthe liceaM fee is nat paid by March. 1. 19M a penalty oftwenty.fi9&(S2S.001 dollan'will be added 
IDIi anmy-fioN ($25.00. ciDllazs m uda· math or IUP' fract:ian thereof, aAer Mudl.l,. 1984;. . 

6.. Gi,.. taC&l.Il1IID!.r~ ~ at. ~illDt iDdudiDg se!£ armembes.of family' _______ _ 

1: Gi .... ·tatal aaIIIheraC1DeIIIbem offamiIy employeci.'iDcludinr self'l ______ _ 

8.. Gi .... taeal ..... pai4 ~iD: 1983; ___ Wll-OlI'yvur: Social s.:m;ty Recarcl .. S _______ _ 

i'. Gi ... aIIIIKI1It oCBaaleeF".JI'e:U&iThift Wawaza:tt·curied. OD·"..",.... pnII8Ilta', ami; aama oicampaay: 

lO~ Gmt Wortaa.'s rCGa:'IftIIIIF:lalilaiiHIDI' fumraDar policy' DUmber amllWlla-o{ c:DIDlJIUlY _________ _ 

lL rr Applicat:iaa is fir Pres.' Shop or Apm:y I..U:ease. give llIlIJUt of F"1J'1D doing wholesale cleaning-

120 App!iczHcm tir. (Oeck.ODe' PecraIeum . Syuchetit , Ageucy . CoiZLOp. __ _ 

1% O1r~side-.ru.ctbe CIJ'1D NIUIIeo Name ofOwaer ami address oCevwy PenaD.. F'IDD orCorparatilm beiDc' 
....... ~lft'ics by SlIPlicaat. 

o..i:tbi& day of 1984.. 

Applicant's. Sipwure 
. (Da; IlDt' write- below thisc linel -,' : .... 

APPRO\'"ED nIlS DAY OF ____________ -l984. 

STA'reDRY CLEANEBS BOARD 
Lia!lmeNil:mber _________ _ Receipt ~umber _________ _ 

t.u.i ___________ 1984 . Deposit Slip :'olo. _________ _ 

<FonIl21 
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Dar.-_________ _ 

Anlt>Name._ , __ -:::.,~----sn. &., No-______ , 
----~-------------------ara..1a c.., of ara.. to-____ • ___________ _ 

ErIgag.i Int Dry C-'"ll:l ______ J'Naing'l ___ •• _____ --Dyeing? ___ _ 

eaaaiiCJfca& at BuiWIng.... ________________________________ _ 

PlCwnd., _ ... prapBI'f _____________________ ._.~.~._.M. __________ _ 

c .. ~~ ...... wa~,,·~·--------------.------------_____ ------------------------FI_ Rri _______ _ 

___ Rr.-a-..~ __________ _ 

v .... IaItan-_--:.. __ ,_. _________ , __________________ _ 
DIp' ..... LacaIIan, ________ ~ __ Verntla*1 __ .s-m'hI'I __ 

LIPfInI- ~- ~------------a..- Malan. aplauon praaf? ___ --"s...;..;.-________ o-a.r...r a-u... _______ _ 

.... 1.acattaI-- .--FuIL_. 

~T~ __ ---------___ -----~~ ___ .--__ ------- ,-----------------------"""""= RM ..... ___ . _____________ _ 
VI·Jf,.._r-. ___________ -!'JcIql~RdIid,tIghIV_----.,GeaII-ur..a.d1'~-_-o-ftaw PI ..... ___ _ 

'-" Plpmg ___________________ ~, _________ __ 

"----------------,-------------eu ...... cp.Draim;.· _____ _ ----,----------
T • '_ Graund.:i7 ... ___ ~ .1M: 
~u_------------------------r---_? __ .~~~=---ExPoIiOft, .... ____ _ 
Fana.hauad.·and·bl'.! ;:j •• 'jI;. _____ ~ing.equl....,._--__ --------.------
r _ GraurIdm? eav.rm7.i ___ '_..DraIns h:J;, h",-__ • ___ . 

, 
Ftr.~'1~" ___________ Smam_jI'og. davi _________________________ _ 

~ ~DQWlii .. in ---------------No.SmoldnvSl9M1' ________ Wast. _for lint;. ~ _______________ _ 

~------------------------------------------------------------------------------
--------------------------------------- -----.":'"---------------------------------------
----------------------------------------------------------------------------------------------------

STATE DRY aEANERS' BOARD 
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• aT ... ,.. DIIT a' U"U" .GAIIO­

SIIite307' 
4001 North- LiIII:Dm .. 

Okl• h ...... - CIty. Oldahama. 73105 

HAZARDOUS I NsncT1ON: 

I~· ____ -

Dcn:~ ____ _ 

~~ NAMI~E ________ ~~_· ______________ _ 
~~. -----------------

OWNER'--___ __ . ____________ Cap, of l....-;tlan·~· .... g;;.... ________ _ 

ENGAGeD IN: Cry ~-.--------PN.ing;..---- Cain Op; 

DRY' Cl.EANING. ROOM: WGlIs: _____________ FIcar ________ Raaf:' _______ _ 
~__ Exits. ____________ Fi,. Oaars_ 

Fi,.~--Na.,5maIUnQ;S ..... 
Wiril'l9 __ Ceanl~ ___________ _ 

--------- ---------
WASHERS: ____ . Uquid. Tight _____ Graunded _ Matar ~1osIan praof: ____ _ 

TUMB~ 
, ______ ~ ________ .Venr.toutsida. __ &cI1asian hatcNs. __ _ 

Extinguishing; equiplNl'tt' __ tun'dMr. ______ Malar ~. praaf. ____ _ 

exTRACTORS ______ . ~ ___ Drains ta" _________ Braka:...-. __ _ 

Mt:Itor ~1GIianpnd:·-------

BOIlS" ROOM·LOCAnON ______ . ____ _ 

. TYPE OF CLEANING· FLUID· USED: Petroleurw"" ___ P .. dil .... ~'-~ __ RUuiOWlbcw, 113, __ _ 

SuifIci.,.. &naust Vantilaticn- CJWa¥< fram. work> _ of: ~~ fa, ~ 
~nn._ ______ , ___ ___ 

Appouwd Respira&iIW- "Mtt:aJJi. Sarti .... Canditiaft .. CZMai'atN-_____________________ _ 

Plant' awnr- futnishC with- 11 parr!I:ItIl.... cantaininJ: e capr ct Itw I.,... R&.Jes. and: Re;ul~ or rhfSi 
0.,.,,, •• 1. YES ________ NCt ______ _ 

~ro ~ made:.. _________________ • ______________ _ 

---------------------------------------

NOTE ANY NEW OR MOOIFIED PEROfLOROEn-lY1..ENE P!..ANT INmATEC AFT'CR: NOVEMBER 25, 1980 
. WILL BE SUBJECT" TO EPA PROPOSED F£OERAL STANOAROS FOR ORY aEANING IF' OR WHEN ADOPTED. 

STATE CRY CLEANERS BOARD 

Sy __________________________ . 
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• !CD .--.. 1l0III ........... ..... ''''lie ,.; , .. ,-.- , ... ,m. 
c:.- .... ' . ....... ........ • .. 18 ....... ..A...-

n- ,... I t 

Glr. n __ 1" Irt- 11: 0I1.G1J1 aot.QIII 1fIN1%,an 
IIZ_ 01IIIr ... I I lW% IfIN1':_ 011411' D13-01&. 

III .................. 3' 
IC ... __ ........ 

CII' .,., ... .at. I • , .... ,&I 
G$ ... at~· .' ,n '41 141 ,. Matllllllr ,.,t at __ c.- 141·'" 1"2-* '42·'45 .-..--
S- Hof...,.. 'iF- '6'. 16141' '4101. 

a' .".,...0.-." 
III' _at ...... - 4M 151": ,. 1. 
III: lIItat-a-, 4tt 151 lit 151 
Df ... at ........ .-. 48C,.aE 15&,10; 1&Z,1&:l 152.18· 
to· .. at 1IIICIIa. 4811. 1154. 15& 1. 
11+* Maat IIIIirt ..-. ...... - ClF '&I,15M 1&1 151;'.' 
,!t* •• of 1._1IIIIifII* !le- lia..., ISlA 197.1' 
IS: lIIt·at~ - 1!57- 117 '17 
I. •• af,..a-· __ · 

Cllti'-· .1.;.1.' '.151;- 1&1,1. 
..... at ...... __ ~ .. • .. n [ ,~ 

-11 lIItof,..... 47,. m '31 111 
1 •. .. at_~ 471-tTF 1~.I&:l 'G.1G lIZ,; lBlJ1 ... ,.., 
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TABLE 46 

SOLVENT EXPOSURES, JOB TITLES, AND DURATIONS OF EXPOSURE 
FOR MALE. RENAL CELL CARCINOMA CASES, POPULATION CONTROLS, 

AND HOSPITAL, CONTROLS 

Status Nu.ml:Jer So~vent Job Duration 
Exposure· Title ("lears) 

., 
~. none laundromat 1-

2. petroleum' . operator S 

Renal Cell unknown operator 2 

Carcinoma- unknown operator 5, 

cases unlmowri operator 7 

3' •. none washer 2: 

none- route 8' 

de-livery 

1. unknown presser 3 

2. unknown presser 1.5 

Population' 3., 7·- petroleum- presser 3 

Controls . 4:-.. unknown a~l: depts 7 

5;. none pick-up. clerk 1 

6. none automatic S 

laundry 

Hospit'al 1. none delivery 3 

Controls. 2. un~:nown presser 2 



.. 

.. 

~ 

'.' 

" .. 
• 

..i 

., 

.. 

255 

TABLE 47 

SOLVENT EXPOSURES, JOB TITLES, AND DURATIONS OF EXPOSURE 
FOR FEMALE- RENAL. CELL CARCINOMA CASES, POPULATION CONTROLS, 

AND HOSPITAL. CONTROLS 

Status· Number: . Solvent .Tab. Duration 
Exposure; Titl.e (Years) 

1.. 
, 

2 none presser 

2 •. none pick-up clerk 1 

J .. unknown presser 2 

4. none laundry 2 

Renal Cel~ operator 

Carcinoma 5_ E'CE p1:'esser 2 

Cas·es· none. presser 1.~5 

6 .. unknown presser . 11.5 

7. unknown . unknown 2 

8· .. petroleum presser 4 

unknown unknown 8.5 

Population 
r~ none office clerk 4= 

Controls 

1. petroleum all depts 34 

Hospital 2-. petroleum checker 3 

Controls' 
3. petroleum all depts 7 

4-. unknown presser S 

none checker 1 

.-




