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Thanks very much for your letter of January 5 . By copy 
of this l etter to Dr . Lyall M. Black , I do respectfully 
request copies of whatever portions of the Intradepartmental 
Report that may be properl y r eleased to me . I am particularly 
interested in maximum levels of urinary arsenic found among 
arsenic-exposed workmen who have experienced no adverse 
effects other than skin irritation . I am also interested in 
urinary ars~nic levels found among residents , including 
children , of t h e areas surrounding the Yellowknife metal­
lurgical operations . As you may know , Asarco and various 
official agenices have conducted studies along those lines 
at Tacoma, Washington , and I wi sh to compare our findings 
with yours. No public comments would be made on any data 
provided unless I had your and Dr . Black ' s permission . 

The National Academy of Sciences in this country is 
currently preparing a comprehensive document on arsenic in 
the environment . I would pass on to the working co~nittee 
any information received from Canada , but again , only with 
permission . 

Attached is a pre-publication copy of a pap2r written by 
Dr . Pinto and me which you may find of interest . Please do 
not r efer to it unti l it has been published . 

Again, thank you for your kindness. 

Sincerely yours , 

KWN/jak / 
attachment 
cc : Dr. Lyall M. Black 

ASARCO Incorporated 120 Broadway New York. NY 10005 (212) 732-9500 
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The Occupational Safety and Health Act of 1970 tremendously enlarg~ the field 

of h~lch care in industry in the United States. It directs the Secretary of Labor "to 

set the st:indard which most adequately assures ... that no employee will suffer 

material ir:,p:iirment of health or functional capacity even if such employee has 

regular exposure to the hazard dealt with by such standard for the period of hi3 

working life" {I). 
The s::cret:iry's task in setting standards involv~ great problems, because it 

assumesknowledgc: of pharmacology and to;,;icology of substances not yet developed 

in spite of the cumulative e;,cperience of centuries in some cases and of scientific 

re,,.::irch for decades. Arsenic is an example of a substance for which it h:is been 

difficult to set stand:irds. In this paper we review the challenging and diverg::nt views 

met with \vh;:n an attempt is made to set a st:mdard for airborne inorganic arsen:c. 

Inorganic ars.!n:c Is wid.:ly used in industry. The Nation:i.l Institute of Safety 2nd 

Health (NIOSH) has estimated that about l.5 million people in industry are poten• 

tially exposed to arsenic a t le:i.st part of the time during the course of their work. 

(2) NIOSH is authorizc:d to "conduct such r.::se:u-ch and experimental programs ... 

as are neces,:1ry for the development of criteria for ... improved health standards" 

and to "mak.: recommc:nd..itions concerning new ... health standards." NIOSH !!:is 

been most concerned with the possibility of inorganic airborne arsenic acting :?S a 

r.!Spiratory carci:1ogen. This, or course, is just part of a brger question, th:i.t is, does 

arsenic cau;e c<'.ncer? 
Buch.1:1:1., (3J :ind Vallee(-+) have reviewed the problem and state that the id.:a 

was first propos.:d in the publication:; of Pa.is in I 820. However, Paris"s work has 

not been confirmed. In 1687 Hutchinson showed a rclatio:ish:p between prolonged 

oral adminl5tration of arsenical preparations and skin cancer. Neubauer (5) in I 947 

brill iantly revicwed :ill prior literature on the question of ars:::nic:il cancer and stated 

that only a very few persons oi the thousands r~ei\·ing oral arsenical p,eparations 

ever d.:veloped epitheliomas. He suggests th:it ' 'in a rsenical cancer, arsenic is not 

the only aetiological factor.'' Neub:wer colkcted 143 published cases of medicir.al 
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arsenical epitheliom:i in man. M:my of th.:se cas.:s had an " affection of the skin, :ind 

es~ially psoriasis (which) giv,:<; a piedisposi tion for a rsenical cancer altho:igh tl:cre 

is no re:il de5nite proof." Th: great majJr.ty of the cases d";:v:lopl!d after the dn:g 

had b.:en gi,·en for about I 5 years, and the ave~go: patient recc:ived 23 grar.,s of 

arsenic durin;; the entire course of treatment. Ro:h (6) studied cancer in Ge.aun 

vintners who were exposed to arsenic from inhalation of insecticide s;,ra)s and d:ists 

a, well as from drinking a wine that contained a high level of arsenic (0.2-8.9 

mg/100 ml). He estimated that the workers had a 12- 17 year e:cposure and an int.:1'.,e 

of about 53 grams of arsenic over a 12 year period. The latent period for tumor 

development was estimated to be 13-22 years after first exposure. 

Regelson (7) described an instance of hem:mgioendothelial sarcoma of the livu 

seven years after the discontinuation of treatment with Fowler's solutions.. In this 

n:pvrt, a C:LSe of psoriasis is described which had been treated with Fo.,.,Jc:r's solution 

for 17 years. 
Hill & Fanning (8) studied mortality data on employees working in a factory that 

produced sodium arsenate. Mortality data for wor:..ers in the factory betw~n 1910 

a nd 1943 were compared with mortality data for other workc:rs in the community. 

Among 75 deceased factory workers there were 22 deaths from cancer (29.3'ic), 

while- workt:rs in other occupations in the community showed 157 deaths from 

cancer in 1216 dr.ceased workers (12.9%). Workers cngag~ in handling sodium 

arS<:nate had :!n increased percentage of their deaths from cancer of the respira,ory 

system. Thus 31.3% of their d::aths from cancer were in the r~piratory system while 

15.9% of the: control group had respiratory cancer. The factory workers also h:id 

:in incr~s.: in skin cancc:r compared to the control g roup. 

Pc:rry et al (9) in,·est igated the clinical and environmc:n!al aspects of the factory 

and ics employees in 1946. Appreci:ibk arsenic absorpt ion was c,·ide~:ed by skin 

chJng .. -s (pigmentation and w;,rts), which were observed cl inically in all ch::::1ical 

w0rker;. Atmospheric concentrations of ars.:nic in different parts of the factory were 

found to range from a high of I 034 ,-i.g per c ubic meter, to a low of 364 ,LLg of a~nic 

per cubic md.:r. 

Hill & F.1nning desc ribe their conclusions as " guarded but suggestive:· A twofold 

C:'(cess of d.:aths from all cancer was observc:d in the factory workers; the organ 

systems es;:i.:cia!ly affected were the respiratory and skin. 

Sn::3i rdf & Lomb:ird in 1951 (10) published a study of de:iths from cancer in two 

pbnts. one in which arsenic trioxide was produced, the other in which no ars.enic 

w;is handlt:d. No apparent dif:erence betwec:n th:: two plants in cancer d:::ath e:'(peri­

enc--s was fouo?d, but NIOSH has suggested that the 1.ick of inter-pl:!.nt c!icr.:rer.ces 

could be: due .o an unsue;pectcd arsenic c;,;posure in the control plant. (\ I) In the 

arsenic-.::cposed plant 39% of all cancer deaths ,,ere due to lung canc~r \\hile 50% 

of all caac.:r ceaths in th.: non-arsenic exposure pbnt ,tea du.: to tu n;;; cancer. The 

sam:,1-: si;,:e limit:ition'> in this study make it of qi:estionable significar.c-! in e\'a:u::it­

ing rlic probl<!m of arsenic 2nd cancer. 

Pinto & B.!nnett (1 2) in 1963 studied the mon:ility d:ita in the deaths of 2'.!9 

incivid11al:; \·:ho worked 2 t a copper smelter where arsenic trioxide was produ.::ed 

as a by-product. The death3 covered th.: p::riod 194fr.1960. The total numb-!, of 
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deaths from lt.:ng cancer in this group was compared with a list of such d.:1ths 

p rep:ir.:d by the Washington St:itc Division of Vita l Statistics. The cases that were 

classed as lung cancer cases by th<! state were the s:ime c:lses of lung canc.:r used 

in the Pin:o-Bennett s tudy, and there was no under-reporting of cases os has b<!en 

suggested ( 11 ). 
The: study show<!d th:it workers in the plant had the same total incidence of cancer 

as in the stat<! of Washington for the population of the s:ime sex and age. However, 

within the c:mcer group there was a twofold increas.! in respirato ry cancer for both 

the group exposed to hi~h arsenic levels and t he group exposed to low arsenic lcvds. 

In a previous study Pinto & McGill (13) had studi<!d two groups of employees in 

the plant. One group worked in an area of hi!;h po,ential arsenic e:(posur<!, and th.: 

other in a n ar<!a with presumably minim:il a rsenic e.'<posurc.. The high exposure 

group had an average urinary arsenic value of 820 µ.g/litu, while the minimal 

exposure g~oup had an averag.: urinary 1::<crc:tory value c,f 130 µ.g,'liter. 

In a mor1: recent study Pinto & Enterline (14) analyz<!d the causc:s o f death among 

530 malt:- retirees from the same smelter who retired between hnuary I, 1949 and 

December 31, 197 3. Pensioners W<!re specifically studied because each member of 

the grouµ had been . exposed to arsenic trio:<ide for a definite period of time that 

cndc<l with retirement. Thus: exposure and follow-up period did not O\ erbp. Tot:il 

arsenic e:'<posure for each individual was c:tlcubted fro m personnel records, and was 

obtained by multiplying the average arsenic e:<posure in each d epartment by the 

time spent in th:it department. An excess of respiratory canca deaths was found 

and ther1: appeared to be a linear relationship bet1~een the increase in deaths fro.n 

respiratory cancer and degree of exposure to arsenic or some closely rdated mate­

rial. No exces~ in deaths from lymphatic cancer w :is found. 

Furth::r an:ily;;is of the d:ita indicated tha t there was a measure of ars::nic expo­

sun.: below wl;ich no excess respi ratory cancer was found if the period of cxpo5ure 

was shorter than 25 years. The safe level of e:'<posure to arsc:nic was indicated to be 

of t!1e order of 100 µ.g per M 3 of air. It was noted there were other air cont:iminants 

in the industrial a tmosphere and tha t their possible synergistic action cannot be 

overlooked. The proposc:d e:<po;;ure level cannot be consic!ered as bas<!d solely on 

a rsenic trioxide. R:lther, arsenic trioxide is used as an indicator of a complex 

industrial airborne exposure. After 25 or m ore years of exposure, there 1\ ere statisti­

cally significant respiratory cancer excesses that were related to the intensity of 

exposure. 
This study al;;o developed histories of the smokin3 patterns of 377 men in the tot:i.l 

pensioner group who were aliv.: on January I, 1961. Their mortality experien::c: was 

fo!lowec! throu3h 197 J. Analyies showed some interaction bee ween smoking and 

ars.:nic c:.-.:posurc but r.ot the mul tiplying e!'fect ob3.;rv<!d for some ot})er sub,t:inces. 

The tizur.:s indicate th'lt the excess mort:ility ratio due to respiratory cancer in th.: 

group w:is not due entirdy to smo\:ing. 

Weir (14) has pointc:d out a number of factors that must be consid::red in e~alu:it­

in.; lun!; cancer presumably due to occupational factors. These include smoking 

p:ittem, u:ban-rural resid.:nce, foreign born/native born popula tion proportions, 

and socio~co:iomic variations. H:: fu rther pointed out that the age-adjusted lung 

( 

, ____ ....__ _________________ _, 



3 

9S PI.-..10 & NELSO;-i 

11:l 

cS 
Ann Rt"' 508-25 P,~:o la t;t:son 

N-49JS-504A-SO•R-;~~?-2 
S-7V-4.-1 74 
0-333GV 1-2 

c:in-::er rate for white mal::s for 1950-1969 in the state of Washin.;ton is 3-l.61 ~r 

100, CXX) y~t the county rates for this same period range from 10.4-46.0. I t is evicen t 

that a variety of factors influencing rat::s of death from lung cancer fluctuate by 

county of residence and account for th is variation in death rate. 

Lee & Fraumeni (15) in 1969 compared the mortality dat:i. of 8G➔7 white rr:ale 

smelter workers who were exposed to both arsenic t rioxide and sulfur dio.tide from 

1933 to 1963. They found 1877 deaths compared to I 63+ expectc:d deaths. Classify. 

ing the deaths into three g roups according to intensity of arsenic exp<nure, Lee & 

Fraumeni found that deaths from lung cancer increased with h igher degre,::s of 

arsen:c trioxide exposure. When workers were grouped according to dur..1tion and 

degree of e.tposu:e to sulfur dioxide, excess lung cancer mortality was found v.ith 

incre::.:;:ng er.pvsure to sulfur dioxide. Lee & Fraumeni's studic-s also in<liC.'.lted th:it 

thc:n: was more n:spiratory cancer arr:oni the forc:i6n-born s:imple than in the 

n:ith.:-bom sample. However, figures o n th~ ir.cidence of lung cancer for the two 

t roups are not presented in the p:iper and cannot be generated from the publi;hed 

tables. 
The authors conclude that their findings are "consistc:nt with the hypothesis that 

e.,po~:m: to high levds of arsenic trioxide, perhaps in in teraction with sulfur dioxide 

or unic!entified chemicals in the work env:ronment, is r esponsible for the threefold 

excess of respiratory cancc:r cka ths among smelter wor:-ers." In an :iaempt to tind 

the levds of :irs::nic that might-have been present in th;s smelt.:r, air analyses were 

m ade in various departmc:nts of a smelter in 1965. The validity of applying an 

air-contamir::?.tion figure of 1965 to a similar opuation in 1940 is open to question. 

It h:1s 6een our experience th:it air contamination in the non-ferrous smelting 

indu~try w:i:; J~ss in 1965 than it was in the period before 19-l8. After I 9-l8, stru.:rural 

builJing m:ite rial was av:iila.ble, and the processes leamc:d fo r r.:ducing h:irmful air 

cor1t;1minant:, in industry during World Wu II were: applied more widely throl!g.'1-

out th,: United Statt:S smdting industry. 

Nel;0n et :!.I ( 16) studied the Jong-term c!f~t of lead arsenate: spray on the usc:rs 

ra th'!r th:in on the producc=rs. This was a follow-up mortali ty study for a cohort of 

!2J I individU.'.l.!s who had p:irticipated in a 1938 mortality survey of the effects of 

exposl!res to kad arsenate= insecticide= spray. Q;-er 97% of the original 1938 :;roup 

were: loc:ited. The authors concludecl that excess mortality did no t occur. In fact, 

the orch:irdisti, the most highly exposed grol!p, h:id the low~t standard morr:1lity 

r.1tio of the three groups an:ilyud. It should be noted that the authors report h:i,·ing 

u,cd :is cause-of-death the: primary cause listed on death certificates. This action 

usu:il!y r.:~ult5 in undere,timating the t rue frequency of death due to lung cancer. 

Otr c, al ( 17) in 197~ F:,~1:tcd a study of exposure to leaJ arsen.1,e and calcium 

usen ... ,,.· o:-curring bdween 1919 and 1956. Arsenic lrioxi<l~ was the b:isf.: m:it-::ri:il 

from \\hich the arsenates were made. T he rebtion;hip b.:tween cumulative a~nic 

exposu~t! and the ratio of observed to expected r-!spir:itory maliznancy deaths was. 

estim~t:.:d by the method ofh:ast squ:ires. The predicted ratio was 7:1 for indi,iduali 

expo,ccl for more than eigh t years to compounds that contained an equi·,·:ilent k,el 

cf 1 m:;/M3 arsenic. In the more hea\ ily exp,1sed ind1vidi.::ils, an excess o f r,:spira­

tory C!l~1ccr was observ-!d 35+ years after the: initi al exposure. An in:rea.5<! in 

mali~n:int n-!oplasrru of the lymphatic and hematopoietic tissues, except Jeuke-

. t 
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miJ, w:i.s also found in the exposed group. No clear dose-respon:.e relationship was 

found. 
Bactjer, Le\ in & Lillienf:dd (11) studied the rnort:i.lity expaience of reti rees fror:t 

an Allied Ch,:mical pl:int that had been cn:;:i.3ed in m.rnufacturing dry arseni.::als 

for pesticid~. Arsenic trioxide was the startir.g compound for the subsequent syn­

theses of l:ad arsenate and calcium arsenate. An:ilysis of the death rates among male 

r.:ti rt!es of this p!ant showed an increase of observed ov.:r e.~pected deaths from all 

cancer, as wdl as respiratory and leukemi:i.-lymphat:c cancers. It should be no:ed 

th:11 a survey of materials used in the mJ.nufacturing processes of this pl.mt w:i.s 

mnde. Sever:il of these material.; are wdl recognited as being carcinogenic, but no 

significance s.:ems to have been attacheJ to th::ir presence. 

Kur.itsur.e ct al (18) in 1974 reported on lung cancc:rs in some employe,:s of a 

Japanese copper smelter. The most significant information presented was th:it all the 

workers who d;ed oi lung ccncer were "engaged in the dirtic::st pre-war operations," 

when the amo:rnt·of arsenic contained in the ores proceSSed was es.tirnatc::d to b<: :our 

to eight tim::s higher than in recent years. 

Newman et al ( 19) studied the histologic characteristics of lung cancers found in 

a copp,::r-minin6 city and in a group of copper smdcer workers in another city. Both 

arc:i.s had a high.er than normal lung cancer rat.:. P0orly di:'fcrentiated epid.:rr:ioid 

bronchogc:nic carcinomas were found amon3 the smelter workers. The authors 

believe that ~u.:h a cdl type may be rdated to exposure to arsenic. In the ar;:a 

pro!Sumably 1101 exposed 10 arsenic, the predominant cell type: of the cancer w:is 

" wdl dilf::rentiated·• in the majority of the cases studied. The authors belie\·e this 

type of cancer may have been caused by e~post:re to fi11ely ground dust contatning 

biotite, ~ericite, chlorite, and hornblend:. These results should be of significant help 

in charting a course for fu rther s tudies of lung cancer and its possible rebtionship 

to environment.ii factors. 
Toxkolo!;i,ts who are concerned with the o.:cupational cance'r problem are anx­

ious to find c,perimental confirmation of th::ir theory by producing cancers in one 

animal or ar.o,ht:r. A t ,he OSHA fact-finding hearing (S::ptembu 1974), Dr. Her­

m:m Kraybill (11) said "arsenic stand,; out as the on::: subs,ance for which hum:in 

carcinogcnicity h;,s bccn demonstrated but for which .ln animal model has yet to 

be found to reproduce th is etfc!Ct." 

The work of Milner (20) on arsenic and experimentally induced skin tumors in 

mice shows the problems encountered in this field. Cutaneous tumors were initiated 

b)' topirnl methylcholanthrene and promoted by transpbnta1io11. In one strain of 

mice the: 11umber of p:ipillomas produced uppearcd 10 increase after foedi.ig ars;!nic 

althou3h tit.: eifc:ct was not st:itisti.:ally significant. In another strain of mic:: the 

:ir,::nic trcat:n::nt resultecl in a decrease in the number of papillom:is produced, and. 

th:: rcsu!, w:is statistically significant. 

DISCUSSION 

These papus almost uniformly point to some low-grnde carcinog.=nic activity by 

arsenic although not confirmed by any animal model (11) yet suggest th:it Yario:.is 

coc:ircinoi;enic factors mu~t be studied much more thoroughly. (2) 
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Regdson (7) points out th:i.t the anci:nitotic e:fcct of ars.:nic i; clinically usdul 

since it is used in trc:ating psoriasi~ and chronic myelocytic leuke:ciJ. Arsenic al~o 

i; an antiparasitic agent and is :in inhibitor of ins:ct f-:cundity .. -vs.:nic po;sess.:s 

both c.ircinogc:nic- and tumor-inhibitory propertic:S, a ch:incteri;cic seen in other 

clinically useful antimitotics. 
We fad it is highly unlikely thlt a single: scier.tilic:illy sound kvd for all ir.org:i.nic 

compounds of arsenic in air can be establish.!d from the: data at hand. Ars::nic:tl 

compounds diuer in toxicity, so why not in carcinogenicity? Fielc.s of invc:Stigation 

th:i.t shou!d be pursued in devdoping an understanding of the ars...>nic-res;ir:itory 

cancer problem include (a) smoking history o f subject as wdl ~ :unount of arsenic 

exposur~ (b) level and chemie.1.l n.iture of respirable arsenic compounds in rhc: air; 

(c) investigation of other airborne: contaminants that may b-: prese~t. including such 

materi:ils as sulfur dioxide, chrumium, :!.>b.:stos, and reco5nii:=<l or;anic carcin<.>­

gens; (d) more: hi:;tological studies of typcs of lung canc.:r :ind their rd:itionship to 

known occupational carcinogens; (e) socioo::conomic v:i.riations of lung cancer inci­

dence. Although the academician trained in to,icology has b~om.: \'ery important 

in helping to develop the rules :ind regulations for modem industry, his aw:i.reness 

of the pressing nattm: of the: problem should b<:: further increas-..>d. 
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