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istitute of Public Health and Hygiene, London, Engzland, in the J. Roy. Iust.

Public Health, 24:81; 101-129; 177,,1941., Other paPcrv (pmor publications
' : if;u AL go gy A

3 »

oif the Keitering Laboratcry),concernea‘thn this series of investigations;were

- A

the fellowing: (2) E xpnrun; 1 Studies on Lbc Ingestion of Lead Covnpou.p\ s.

¢

-

J. Industr, Hyg. and Toxicol.” 22:381, 1940. (b) E xperun=nta1 St lelea on
‘Lead Absorption and Excretion, and their Relation to the Diagnosis and Treat-
ment of Lead Poisoning. J. Industr. Hyg. & Toxicol. 25:71, 1943. (c) Ex-

, 1947, (d) Experime=ntal Studies on the

v
o

wosvre to Lead, QOccup. Med., 3:1

'Iqhe‘labon of ch“d bnyunla.h'S bjects, Pure Appl. Chem. 3:129, 1961. The

Cfir < 1l jsé«ph'bli'cations ('fhc Haﬂ;en Lec“tures) is supplied herewith as =
mezns of iratnarizing.the ex >rimenta “background oi the V—/’Ol‘kféf‘fﬁé\p‘&%4t\’v‘en‘t—‘} .
f"??jca S,
The ‘p}v_y‘siolbgi"cavl, toxic 010"‘109 eje_bnd c?.iqical li’cer“étprc’ . Lm ‘e to lcs‘ad‘ .
E whiéh has e‘bpp’e‘ared"durlhff the past oec de s been *-.Jfol'"mi— ;

-nous, and could scarcely even be referred-to, much less ‘abstracted»and
summarized, within a shert period of time or in a report or publication of less

than monumental pr opor_tions. {The bibliography of pertinent contributions

f(.u:c:ﬁc‘ 1965 alone, @bfsw'acted tLa "1a‘ted (when necess 'Lry) - and ~:;se*n’n] 2l by

(=3

of LL}."’ Kettering Laboratory, runs to 236 single-spaced, typewritten

7

S pages, ) “Nob’cher prolonged experimental obser uons of the- ty*:m of "balance

experiments’ on humsn subjecis have been described, however, so that there

v

rictly pertinent refer onces “o. be made than theose (2 - d) ziven shove,
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THE EXPERIMENTAL METHOD

Experimental Subjects,“Type‘and Qualificatipns ‘ T
1/('/04 ’: sidf '

Wi

”he éub’ects are recrulted from among members of the/ etaff ( of the Laborauoxy

A4

or from applicants‘for~positions in thHe service §faff—e§ the Laboratory'(including

positionskas subjects)5‘or from- graduate students in the University of Cincinnati
whose academ*c work can be fitted advantaweously into the regimen of &-SpGCJflC

. B . IR T
experlmentgﬁ (
. N t

'Each subjechisiinterviewed initially by the principal investigator in an
effort to ensure mutually Satisfectory personal and working relationships, the
“prebabieireliability'ef the subject in foliow1ne 1nst;uct10ns and his cowplete‘
‘understanding‘of thevpurposes and proeedures of the experimental program, of the
theQretiQei ﬁgzards:ef his undertaking, of the background of'experience anﬁ
;kéowledge wﬁe%ebyvhe is te be meiﬁtained in complete safety and wellebeing, and of
;he nepeeeityvof h;s continuing in the rcle of experfmental'gubjectvfhroughout
the estiﬁated {and actual) duration of‘the experimentfi If the applicant‘is a

gradﬁéte stgdent, the approval of tne Department of the Unlver51ty in Whlch he is

)carrylnﬂ oet hls academlc work 15 obtalned and every effort 1S‘made fo avoid any .

compromlse in: ‘he ”equirements of uhe Deﬂartment and the University‘as to time and .
. > 7 e

scholéstic pé?formeﬁce; eAll‘persons employed ae éubjectsﬂefe.eonsidered from‘the
viewpoin£ of fheif eontinuation in the ser?iee of the Laboratory, following the
compietioe'of £heir‘stinte aé:experimentel‘égbjects, should they so. desire.
’;evpiveqvih‘this conéidefgtid@vis'the interest and éapaﬁilify of,thevégbject;in”lf
'a#ork'wﬁieﬁiQiil*ﬁfevidejhiﬁbwitﬁ»suitable eﬁpioymeﬁi thfoughégﬁyéndfafteQ the
i:te?ﬁineéieﬁ;e;?tﬁg!exbef;ment(iiw«fw4u. P o t‘ iR B

o ‘ﬂ/,, 7 !‘r,‘

Each requlred and apparently su1tab1e subJect Escy accepted tentatlvely by the
prln01pal‘1nvest1gator, on chdltlon that he shall pass a'comprenen51ve»med1ca1

examination; augmented by a battery of clinical and biochemical tests in search
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of functional deviations of a disqualifying type. If he is found to be acceptable,
he is instructed to return to the examining physician, or to the nurse, or to the

approprl 1te technician, as the case may be,’at certain intervals required by the

- R
Ly hazded

experiméntal régimen? and also to report to the nurse and phy51c1un vhonever for
any réason, he feels any need for medical attention or advice. (He is also assured
of access to.ths principal indestigétor as he may‘fsel‘ths need to do s0.) From‘
thé medicalsviewpoint; all ailments, including dental, upper respiratory and

.

gastroenteric probléms, are to be repbrted promptly and dealt with appropriately,

at no expense to the:subject except under obviously irrelevant and agreed upon

circumstances,

Bach sﬂbject is/theniadvised by the princip:l investigator of the requirements
with respect to clothing, changing of clothing and bathing and of the financial

provisions‘for the absorption by the Laboratory oif all expense incident to the

¢

+ &
AP r t
s :

'experimEntal regimen as specified, He is then‘,i'nstructedJ in detail, in the.

pI oceaures ;ﬂvolved in obtawnlng and apllverlng su1+able spe01mpns of iood DQVGY'g

‘o/‘

S

‘(including‘watér),zurine‘andffeces. These instructions are relnforced b/ the advice

and su 1‘1on of the various persons insthe staff of the Laooratory with whom the

;’\

subjectfcomes;in COhtact'in‘the'course of the day's work.
er . . ' s SRR
After all preparation has been made, the Subject enters upon a preliminary

experimental regimen which requires his careful attention to the collection and

labeling;of‘all of his urine in 12-hour specimens, all individual fecal evacuations.

' (;abs;e‘ as’ to date and hour), and as precise aunllcatos as can be obtained, by

ﬁisualsandr‘rdinary household methddsvof measurement (i.e., pouring, spooning,
ladling or forking equivalent portions into duplicate articles of tableware,
as plates, bowls, cups or tumblers), of all fcod and beverages consumed during

“.each meal, and at all other times, The procedure involves discarding, from the

vduplicates,;all‘portions‘of‘all items that are not consumed, as boneés, fat

KE 0004452



cartilgge‘and fibrous parts of anihal fissues, as well aé.the'inedible she1153
hulls,“peélings, cores and‘seeds of vegetation, Cerﬁain foodsvare to be avoided,
‘such'as thé flesh of gamevanimals that haye been shot, while'apples,»for example,
are to bebpeeled entirely, or if eaten without peeling, are to be Selected in
pairs and halved, and so separated into h§moiogous pairs for eafing and sampling
 Gum‘c wewing andfémokiﬁg are“&iso to be a&Qideds excepting, as for'fhe‘latter, at

such t'mes and under such'exnerlmcntal conditions as may be arranged and agreed

in his 1life (such as changes in abode,. eating places,’dccidentsrinvolving

f\

specimens, etc,);and‘ali of;the 1tem= eaten at ea ch meal,‘ This is furnished to-
the princi?al invésfigator for hlS private 1nforﬂatlon apd for use in eross-
checking;ifvahd’when~unusua1 analytiCal results ére turned up. (Ffom time to

| L \ f ; v v
time, as desired by one or another of the investigators} ge?tain individua1 items..
of food or‘oeverages are collected separately for analys s; éspecially ﬁhen
sqmeﬁhat uhusggl items v“fi in the dletary or \hen unusual ana tlcal‘fésuits
ifefobtéined;l A“numEér §f\iﬁvgstigations‘of thisftype have proVided usefﬁl
'inféfmatigg,} |

Climical and Experimental Observations

quingvtheiprelimintry Obsérvations, thé subjeét reports daily.to fhe
éeSignated'technicalfassistant fof the dollection of a specimen of ufine (of
:egorded Voluﬁe; to be‘inciuded in:that ¢ftthe specific day) fér"quantitative_
k-determlnat;on of. porphy ins: and of>delta-aminoxlévuiiﬁic'acid ‘énd forvthe
prepuratlon of fllms of blood for‘seml -quantitative ostlmaflon OI the frequsncy
Rl occurrencé‘of reticuldcytes and of erythrocytes containing béSOphilic gr ~ule§
("stippled cells"}, (These observations continue throughout the experiment.)

u‘Wéékly ébsefvatioﬁs are made’and recorded by the respohsibie clinician as

i

to weight, temperaturc, pulsc, blood pressure, instrumentally measured mununl
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gripvbilaterally,‘circulatory response to “step exercise;" and occﬁlar fundVScopic
appearances; To fhese are added any other itéms of interest or concern to the
ciinician. Clinical‘urinalysis (measured'volume of urine includedbin‘day's
output) is performed,'and any‘"follow—Up" test that may be indicated, théreby,

is carried out. MNeanwhile, the wéil—being of the gﬁbjept

R ) : . e
‘clinician, without creating any pattern of inquiry throlg

. looked into by the!
gading questions. |
The7hematblogicﬁlystatds,of»the‘subject is investigated further, weekly; by
enumeration of the erythrocytes,rleucocytes and types of leucocytes and by

determination of the hemoglobin, in the peripheral blcod. All results, except:

the personal part of the clinical record (which is dealt with confidentially by =

he clinician), including all analyticalvfindingsJ are recorded by the appropriate

- 5

obsérver and forwarded to & central record-keeper, by whom-they are made availabl

for scanning, charting and statistical handling by designated personnel, These

‘records; aftef‘being déait‘With as required, are transmitted to the principal

investigator for preservation,
. - R N ‘1}5 . ‘ : - :

e i . 8 o . ; N .

~ The determinations of lead in foody feces, urine and bleood (or any other
P it i R . f‘ . .

R med

material desired;by the: investigators) arc carried out by methods of preparation

dnd analysis which have been unchanged in their ess

since the initiation of
theée”e;périﬁénts in l939, thus insuring valid cbmparisons:of contemporafy with
earlier'findings., Parallel results have been obtained,_ddrino certain periods;
(or reguia:ly,in dealing ﬁifh cértéin matérialsl,thrdugh.the qtilizat;bn of othgi:
analytiéa1 ﬁethddé’based oh1diffé%eni prinéiples (as a sbectrdgraphic{mechod

I N NI e S f S ‘
éé?eloped“inithe Laboratory,mas‘well as a techniQue‘of atomic absorption adopted '
fér'ﬁse more fecently).'

-The specimens Qf blgéd and uriﬁe are analysed promptlf and‘reported in such

manner;asktg bé“uséd to iévéal the current status of éaéubjeét,_with rpépect to

his ‘absorption and excretion of lead, with but little lag in time. 'Other‘samples,
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excepting as there is some‘special need for inforﬁation, are fitted into the

analytlcal schedule accordlng to a pr1or1ty established by the head of the analytical

-4 ~‘cz 58 el 1“ LMA,ﬁEwX

staif as modlf1ed from time to tlme, at the rcquest of. the prlnc1pal investigator.
After;the preliminary (control) observations have been carried out over a

period of time sufficient to disclose the general pattern of the behavior of the

Subject, including his response to seasonal influences (variations in ambient

tempezature and, p0551b1y,~1n the type and intensity of solar radiation, or in

o) i
f.‘,‘Léi PI¥ e SR '

iofher, presently speculative, environmental factors) that are to be expected, the

experimental exposure to lead iS'initiated according to plan, ’/The details of

the design and operatlon of the chambers have been aescrloed elseuhele (l)
: ‘ A :

A special procedure, concernedeith the inhalation of air-borne particulate =

' lead, has been that of ascertaining, at. weekly intervals, the extent of the

retention of lead in the respiratory system during the experimental exposure, by

determining the lead oonteﬁt‘of a suitable volume of the expired air (2). éfhe

content of .lead in the air of the chamber is determined onde or twice {dependent

. upon the duration of the'éxposure)‘during~éach period ofyexpOSure;7 On the basis o

oflmeasﬁremeﬁfs‘of'the::eséiratofy'volume per mlnLte of the individua l"‘ubgect
perio&léally;'sﬁdef a sariéfy:of conditions, approximations can be‘arri&edxat'as
to the quantities of lead made available, experimensally, for absorption. {The
precision’of‘these observafions leaveS'somethinc to be desired in view of the

varlablllty of the results obtained fromiéubaect to %ubgect and from the same

~y

subJect fr om ‘time to tlne. Moreover, until recently, the'extent of the-clearance

v(l) ‘The Harben Lectules Iecture II, pp. 41laﬁd 42 of the bound reprint of

the lectures

(2) 'Ibid. p. 43,
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_ of the lead from the respiratory tree, through mechanisms that operate after the

deposition‘df lead has occurred, has been highly speculative. This matter is: -

still subject to experimental validation, but certain theoretical considerations

and observations have provided a basis for assigning numbers to both clearance

and absorption (1). With these numbers a2t hand, cne can give quantitative
expression to the intake and output of lead into and out of the respiratory system,

and to the absorption of lead therefrom, in our experiments, with a degree of

confidence in their approximate accuracy.)

(1) Developed by the‘Task Group on Lung Dynamics‘for Committee II, of the
International- Commission fbr,Radidtion Protection, Health Physics
- (Pergamon Press). -Vol. 12, No. 2, pp. 173-208, 1966. ' :

S
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L EXPERIMEN TAL RATIONALE

. . .

As indicated in the orig 1na1 application for a grant from the Public
:V"‘l

rk, the exner:mﬁz‘u Lndx_r way at

S
ol
e
e
O
H
ot
o]
oy
~+
)
e
93]
4
o}
[

that time, and }DI‘OJPCLed for continuation with such supplementary support,

involved 2 men in parallel observations, in which the factor of time (duration

of exposure per unit of time over’an extensive period of time) was to be the

The rationale of this experimentlay in certain previously observed facts,

as follows: - When experimental subjects had been subjected to the oral ad-
ministration, daily, of a standard dosage of 1ead in aoluuon aloncr Wl"h their

odg of rnonths a 1(1 rears, thus providing for an elevated,

o]
3
o
o
&,
W
o
@
"
3
s
*i
o

slightly wvariablie but conti nuous ra’c° of bsorptlon from the alimen ’y act.

during every successive p i)u*lod of 24 hours the rate of the excreticn of lead:

pe
w3
o
o
%)
.
o
]
gy
-l
34

t}“e concent ation’ f lead in the blood, and *the rate of accun_lulation

with some seasonal {and cther) Val“aD]ﬂty’, ccm.tl*med at

yearly rates, without any sign 'of tapering off during the

~entire period of the'administration of lead, in one instance, for 4.5 years.

{Experimental Studies on Lhe Ingestion of Lead Compounds. J. Industy. Hyg. &

© Toxicol. 22:381, 1940, ) ~When, however, other experimental subjects were

confined in respiratory chambers within which they inhaled lead dispe rsed in

“air (under standardized and controlled conditions) for 7.5 hours per day on 5

day per '\week (in snnﬂ iti ion of the usual occupational regimen), i:e. inter-
rnittenth.' the rate of the excretion of lead in the urine, and the concentraticn
ASASAASELLT . S

1 3 A

of lead in the bleod increased steadily to a nearly constant

- . P

tevael

weoeks), after which it continued essentially unchanced for a5 long as the ex-
. r o S
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“Inhalation of Lead by Human Subjects. Pure Appl. Chem. 3:129, 1961.)

It is ‘obvious, therefore, that continuous exposure to and absorption of
lead, above a certaln mean level (at which day to-day vanablhty in intake
does not courte*'act the conulnulty of continuous absorption), results in pro-
gressive accurnulatlon of lead in the body It may be bprésumed', reasonably,

~and in the lack of evidence to the contrary, that this state of affairs persists

3 "

during the lifetime of the individual, and that this will lead, at a sufF iently

.l-

'1

high rate of intake, to the ace mlladon of a dandcroub "body burden'! of lead.
Under the usual environm:ﬁtali conditions in this country, with respect to the
absorptiop of lea by per sons in the ‘geneéral population, no such accumulation,

‘ A : . '
or 0"11}7 a neé,ligible degree of accumnulation, seems to occur during a lifetime.
This '_phenmnenon can be accounted for, on the basis of the relative insi flC:lIlC
“of the -v‘qua‘ntity of absor‘bedlead,that is retained in the body from dav to day -

) }aquantuy too sznvll to be r“161Leec‘cec1 in our "balance experunﬁnts " or in the.

"analyucal fmdihg ét’j‘hé“c‘,‘fd‘psy,ﬂ 'i'n the face of the Variaﬂbﬂit‘y ‘of the terminal
findings. ‘Barth (1), Tompsett (2), and Schroeder (3) have submitted evidence,
which, in their Juaclnont, was to the contrary, but none of these investigators

limited the sources of human specimens for analysis to those definitely identified -

1) .' 'Bv‘arﬂi,"*’ E, ‘U,'n.tei'sﬁ_c"h‘ubﬁgez‘i Uber den Bleigehalt der menschlichen Knochen.
: ' ',‘Vircho‘\‘vs'Arch.f'f. ‘path. Anat. 281:146, 1931, ‘

{2). "rTonmbett S. L. The Determination and Distribution of Lec.d in Human
© Tissues and I*\creta Analyqt 81:330, 1956,

{3) j_SchrOedér, : H.VAA, . et al. Abnormal Trace Metals in Man: Lead. J. Chronic ‘
‘ Diseases 14:408, 1961.. |
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as lacking in any 1*1f1uencL other than the current general environmental ex-

posu‘revt'o‘lead. : Ihi"svpvoihtb”is cru;ial’, ‘An additional feature of ’chev"environ-
mental exposure“ to 1ead"cohtributesv furﬁher to the paucity of evidence indicative
f the progres‘svivé‘achm?‘liation of lead in the bodi‘es“o‘f personé in the general
p0px>11atioin‘w‘ith’ éd#ancing age. . This factor is the variability in the rate of in-
take and in the consequent variability in the rate of absorption of lead, from
pe‘vrson to person, in the popnlatian, because of the variable selection and
utilization of fooﬁ, qual » ively ‘a'r‘td quantitatively, by individuals. Bodily siZé,
occupation, climaﬁe, habits of life and of upbringing, social and economic
sfatus, and a Variéty; of other factors ihﬂuence'the manner of eating and the
‘g_uantity an\; var Lefv of f ’ookd‘co.hsurned.‘; *hésev faéfgrs, Jin turn, det‘érzniné the

-guantit

ies of 1e¢d tax\en into the alimentary tract. Moreqver, at different

le 11fe:.1me, from 1nfa éy throudh"chﬂo"xood and adolescenue

\ v‘é:dulthoio-bd" and old ‘a“g‘e{ :thev‘cﬁiuanti‘ty and variety of the food (and its'b kc'o‘z-t-e}‘;t»’of

: kleavcylﬁ) éonvsm_‘ at y an Alnd“*lduax undergo con51derame Vc.I‘lat‘OIl WJ:D. the re-
sﬁlt, akin but not eq‘ui{*‘alen‘c to that of temporal intermittency kof exposure, that
there are timeé whén lead is being lost from the body, and otiiers when the
rey‘vers‘e‘is true. A Seasonal factér ( 01' factors)',promotes "Iosjs‘ of 1e;dfrofn the

" b‘ody“in‘ the sum“ner months in the temperate zone. The Ealaﬁhce experimants V‘

: _gonv_”no"i"m‘al’ " heal hy, youn‘o subjects have also demonswa*ed‘once and for all
kAbv‘time, vifv"’cherye ha_sxbeen'ér‘}ylvei’y sefiqps doubt ‘a’t‘)out ’;hé 1n4‘1t;ce1j, that the }Aead‘

which finds its way into the ‘n.urnam skeleton is actwely involved in t

of the bod}. The osseous meatabolism, as lead is involved thevein, iz siow, as

KE R



compared to ;:Lat of other tissues of the’ body, but it responds promptly,
althougi*:,in lesser‘degreé,‘vto éonditiéns that disturdb the metaboli;c equilib~
rium, such as increase and decrease in the rate Aof absorption of léad into

the body, or vthe increéséd iloss of lead from the ''soft tissues' of the body .
following cnelatlokn‘tnerapy (The metabolism of lead is not inﬂuen‘ced,‘
appfeciably, undervthe rdinary Condifiéns of life, | or within the '1im’i’cs of
cautious experimentat oh, so far as present evidence is concerned by that of
céltijnn or phosphOrﬁbué or of alj;y other mineral element, but is‘, rathef, s"crik‘-

-

ingly stabile and grcdluable in its bohavmr in the bodv as has been demonstrated

SRR RS RS

cleariy by these exoermﬁez ts. i\/lo'reover, the uniformity in  the rcsponses of a .
A\
series of 'subjects to a variety of experimental conditions, has Lco little short

of remarkable. )

Because boff’.’the] ’fackt‘sk 1ec1tcd abovb‘e,b_; it . seemed that’rﬁkhc ‘c‘lexn'onétr‘aiion» ofl.
fhc n:axlr ':, ] con‘c"eA : atlou of aﬁ» re‘;(jrod.‘kucible‘ di‘sper_si.én of -absor{babl‘é‘ j_eé.d i.zz, .
the a.i.;; .’thaAt_.ééuld‘ be ‘invhkél‘e»d." C'Onti’ry‘luouysly, with co;ﬁpléte ‘s;afety, by normal
hcé,lthy hx_1rr’1a:>r1.'subjéc‘ts, Wo,ﬁid require direct observation of the metabalic
effect‘s of cohtinuoﬁs exposure at levels above those now prevalent in the com-
,rn“un‘ity.\; Since such dirl‘e_ct'_ éXpberIi‘merital obserrvation‘ was nof feas'iblé, : excé;at,
. perhaps, throa.gh tH’e é}ﬁ}:)énd‘itﬁréof inordinate sums of nloney for the actual

c‘:eation of conditions of housing, subsistence and prolonged maintenance of
an esqentlaily norlncl conduct, of life by the experlmental ub_]ects an alterna-
tive approach was thought to be that of establishing the gradient of the response

f human subjects to incremizntal increases in the duration ¢l intermiiiont Lus

. qua;;titatively constant e}:posure_, from which to extrapolate to a near

ol o
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“approximation to the metabolic enects of \,ontlnuous exposure v .. The use Of»the
expresks\ion, ”apﬁrox1niation”‘ arises from the hkehhood that, as the experi-
mental inte:mittency approaches ccntihtﬁty, the shortening periods of freedon
irom exposure and thejlengthenki:ng pe‘»riods‘of exposure will operate against
the achie:vernér"lt’ of a bélance b’etwreen the intake and output 6f lead, so that

the curve indicat:"tve of the progress of 'ev;ents Wibll assume 2 trend bending

<

upward from.the straight line indicated in Fig's. 1 and 2, to which detailed
attention will be drawn later, From the strictly practical point of view, this

deviztion should have 1 ittle importance, especially when the conceuatration of

in the respired air is low.

“EXPE‘RIZ\ NTS5 CARRIED OUT SINCE 1962

Ll

ribed above was tested
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11nent involving detailed ebservations (incluc' g all of the iﬂ‘OC edures

in prior:] balance e\p imeénts) of two human subjects over the period

of 144 and 178-weéks; reépectiyel‘y. (The period of observation of one of the
subjects, prior to the izx_itiafi‘on of experiméntal exposufe to lead, was un-
kusnally‘kprv_olongé:d 50.as to ‘ezrza’blekth.e»dt‘her, secu‘rvéd late‘\r, to undérgo his.
' Jutl;l iijeﬁfiqd"lof‘:é>:pe‘1rivmeht§1V‘e:s;pé_srﬁ.‘lv'e: to lgéd 6n7 thev same déte ia‘s‘th’é first,

K

. and so to continue parallel procedures. )

fnd" were engaged in daily preliminary (control)

observations, (geuermi \ations of their daily intake of lead in LO‘Dd and bbvcraaes

and urine, in association -

microscopic, and physical examinations},




over periods of 56 and 86 weeks, respectively.
They entered two corre spondingly de sign‘ed respiratory chambers into
which air containing 150 microcrram= of lead per cubic mzter, as the seuquwo\ude

dispers

[=h
(0]

¢ i

[¢7

in ’p‘artic':l’e ;angiﬁg up to 0.18 micro:d in diamster, and having tkh‘ev
mean divaméte%' o‘f‘_O‘. 05‘ 'mi‘c‘ron, was being introduced and ey’énly distributéd,b

: and.frkkom which it wlas ’being evacuated, éfripped (by electr:ost'atic precipitation)
of its lead, and dischargéd into a stack. Th¢ design of the experiment called
 for equsu;e’td these conditions on the following sﬁhedule: 16 ’weeks for 10.5

E
N

hours per week; 16 weeks for 21 hours per week; and so on, 16 weeks at a time,
for 31 5 end 472 hours per week. This schedule did not result in carrying the
of 'tne'expo:ur e beyond the level which has been established, by both

por ience: and physiological e\"oervnmltatlonjas being well within'

-

" During each successive period of 16 weeks, as has been the case in every

cther

cperiment involving intermittent exposur e to lead in sim ﬂa on of

) occupational e¥perience (i.e. usually 37.5 hours per We‘e‘k),, th‘e 1eve1 of the

, urlnary oubyz of lead per day, and the concentration of lead in the urine of the

subjects', as well as the concentration of lead in their blood, rose up to a

cert ain p01nt and ‘then ckovn‘tinued at essentially constant levels, so long as the -

conditl excposu;e tema 1ned uncnancred each 1ncrerr.enua1 1ncr case in the ,

PR TN

“weekly duration of the eXposure at least resulted in a further graduated in-

“crease in the levels of the lead in the urine and blood; a line connecting the

F

hne of untfor m upward. slone. The results of the extension

n)l»/' DDA B
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f this line, at the same slope, to a point that corresponded

each subject

in the case of
Jeoi,

to continuous exposure (i.e. 168 hours per week) is shown in
Figure 1 (Suo_]ncb ) and‘in Figure 2 (SubJect’) Other analytiéal
data of thls expel Lmﬁnt hc\.VG been grouped and charted in Vlo'ures 3,4, and

[

5 (SubiecL‘), aqcl in T‘lﬂures 6, 7 and 8 (Subject S) The ceneral

features thes

by

e charts are similar to those observed in previous experi-
ments and commented on els

sewhere, It may be useful, however, to call
attention to certam or tne1r cHa aft ristics., TFirst and foremost'is the simi-
- : . ’ . : .
larity of the two sets of charts

~We have learned to expect that the behavlor
f human“subjé:cts

¥ill be rnuch the adme under tha same e\perlmen+a1 con-
diti

ons, but it is none the less impressive to note that two individuals have
reacted so

nearly identically when 1n the Laboratorvy

. “were as nearly identical as they could be made

while differing elsewhere

toms of two different households, and the habits of life of
two individuals, one of whom (¢, Fig. 1), a craftsman, was married and
ettled down, ' the other

(", Fig., 2) was unmarried a night-school
stud‘en’c, ~and lookincr toward a technical career.

of Sub_} ct’ Cat Lne bta"‘t

The. conéentration of lead in

was shdh*ly lo»ver tha*l tm,t of Sub-
CUI‘lI‘lO‘ the nutlcu (édhtrol) perlod (0. O’Zﬂ vs. 0. OZ-‘w;

1o, per

9. r IOO’gfai‘n‘s),‘"f‘
‘still sligh tly lower bv about the same mar gin,

at the end of the total pericd of
re; ‘and s'till in the

same relationship as the result of the
. ‘,‘”fextra,pola‘ticrm‘, "th»e" slope of the":.éLtz?vec a plotteci being remarkably similar
* "lhc se cﬁ"m enées, ar

re negligible in the prachc»l se
upon onl> } ccause they have resulted from calen
- Al - |

se. “hev are remarked
s frontdata that were
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‘exposure to‘éi‘x" coﬁr‘t‘ain‘in'g 1‘50 ﬁ‘xicrégrarﬁé‘of lead, with those that g-rnerge,-
frém fhé “ext‘"rapdlativé p‘r‘oceSS, as an expression of céﬁtiﬁuous respiratory
exposure, r‘vThus,‘ the cdncentration of lead in the blood of the two gubje”ctv‘s
was 0. 045¥a£d F’O‘. OSBVQémi‘lligrams'pér: 100 grams, for sﬁbjects‘i and Qi
#espéctiv’éle, f_“axvf‘tei"» 16 we‘e;k‘s”ofré}'iposurye for 42 hours per Wgek (cofnparable.
roughly to the indust’rial week), while it reachea the deﬂ?ed levels cf 0, 145%
,and 0. 148, rves'pectibvelf,‘-’, atvs‘o‘n"x‘e point in time (certaiﬁly less thdn 3 years},
‘aftex" the ‘su’:‘jkects had ’%Jeeh \su}‘Jjéct.ékd, continuously, to the ‘inhal“ationvof air
goﬁtaining the”saz_ﬁe ‘coz‘ce‘nt:kr:a‘ti‘on of 1éad. ' _/_.:J'he evideﬁce furnished by obser-
vatior; of tl';e'-‘ effects of ‘ol%c c;{zi;évt‘ibnal exposure to a well :ﬁaintained level of”“
vleabd cozvlcl:e‘,nfr’a‘cion’ in the industrial atrﬁosphere‘jus:tifies the cqnclusioﬁ that

-
g

the concentration of lead in the blood of workmen increases for a time, until

1treaches alevelu‘nch ‘ﬁzildékrgo;es‘».f\li“tvtle or no furthér inf:rease over the pelfic;d'
'o‘f fr‘nany, year s ' iUndferk.:f:s‘rid:itio‘ns'ink‘ivhich fhe conqén_tration in the blood of
“ everyuOrI\m eviiurvé.n‘l.%iins:jl’)élou} 0. 08 n1g p:erf lOOF vgra;ln‘s ‘(tha"é is, in i;';iexv of thé}l
analytica'l deviation of * 0.01, noi'in exrce'ss »ova, 07 mg. per 100 gré‘ms), no’
case of 1ead-‘pobisoni:n‘g" W:{vllio:‘:cur, in our experience. The céncent:::ation of
appréﬁné_a“giél:yw 0.15 mﬂhgram _of‘l‘eadfber 100 grams of blood, on';cl'ie other }1and,"
" 1sunduhh1gh | ana"w"iw_ué it:‘dqes’;‘:‘notr.'fméllow that every individual whése blood
' contanlssuch a éonc’én"cratiokz’\l_bf lead has or will have lead pois;:»hfn-g, some be_cqme.
ill{pi"ompﬁtlyiz;ind'othei‘s’1ater, while some, unaccéuntably, réi’naih w‘ell__?. ' .
% ‘Theis‘e': ‘differencﬁe‘sVaréuneglligibl‘e in thé‘pl'actical seuse. They are remarked

- upon only because they have resulted from calculations from data that were
-limited to the second decimal. ’ ’
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