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INTRODUCTION

In the last extensive report of the progress of this in vestigation of  

the fate of an inhaled compound of lead in a finely divid ed dispersion in the air,  

some of the previous work of the Kettering Laboratory on this s ubject was reviewed,  

and the publications resulting therefrom were cited. Out of thi s background of  

information had come a method of approach to the problem at issue, essent ially that  

of determining the role of time in the absorption and retention of lead in the  

animal - in this instance, the human - organism. For t ime, as represented in the  

duration of the lives of people who live and breathe in an atmosphere containing  

lead continuously, sets a limit on the amount of le ad which may be in the respired  

air throughout the 24-hour day over the period of weeks, month s and years of a  

lifetime. The concentration of lead in the air, apart from lo calized factors,  

varies from time to time and from place to place, as  in the center or periphery of  

the community, in the suburban or rural area, in the  street or park, and in the  

office, shop or. home (any or all of which may be air -conditioned). Speaking  

(generally, however, there: will be an average value w hich characterizes most of the  

days of an orderly life as between the hours of waking, worki ng, resting and sleeping,  

during which the respiration varies in rate or volume or both. If thi s average value  

Is low enough, what with the functional variability, se asonal and otherwise, of the  

reasonably healthy, normal, individual, in absorbing lead into t he body and  

eliminating it therefrom, the amount which accumulates in the  body over a lifetime  

remains insignificant from the aspect of its potentialities for ind ucing harmful  

effects. (Whether or not lead, within certain limits of concentrat ion in the  

internal environment of the human body, is an essential element,  or is even useful  

at times, is a moot question, and those who would presume  to adjudge this matter,  

at this time, are sadly lacking in appreciation of the complexiti es of the mineral  

metabolism, and of the history of the discoveries of the par ts played by other
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trace elements in animal and human physiology.) It has not been possible, up to  

the present time, to define the precise limits of the variability of the concentration  

of lead in the air breathed by individuals or groups of p eople in any part of the  

human population. Neither is it feasible to estimate the magnitu de of the respiratory  

intake of lead with satisfactory precision. Moreover, the exte nt of the absorption  

of lead, in various chemical and physical forms, fro m the respiratory tract, is  

unknown in precise terms, as is also the early and ult imate disposition, within and  

to the outside of the body, of the lead which is retained  in various parts of the  

respiratory tree. Another difficulty in the elucidation of the facts in thes e 

matters lies in the selective absorption of lead by the skeletal  tissue of the human  

body, whereby ;the bulk of the absorbed lead finds its way, f airly promptly, into .  

this tissue. Its relatively slow and highly variable, metabolism (as be tween the  

relatively avascular, dense shafts of the long bones, for example, and the highly  

vascular, spongy medullary tissue of flat bones) tends to  remove much of the  

available lead in the body from the more rapidly moving se cretory and excretory : .

Streams of the body. , And thus, while the lead content of the blood of an individual,  

because of its participation in the characteristic pattern of the distribution  

of lead in his "soft" tissue, yields a reasonably sati sfactory estimate of the  

quantities of lead in these soft tissues, it may fail to  reveal thè status of the  

skeleton in this regard, in any other than a rough approxim ation, unless the entire  

history o f t h e .experience of the individual, with respect to his opportunities for  

exposure to lead, is available and trustworthy. This pose s a serious obstacle, to  

the assessment of the body burden of lead within the intac t, living person. The  

nature and the significance of this obstacle seem not to be  appreciated by most of  

those who talk and write about the "body burden" of lead  and its importance. For  

it must be apparent that this same retarded metabolism in the s keletal tissues  

provides a factor of safety for the entire organism, i n precise proportion to its
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efficacy in limiting the flow of "accumulated" lead from the skel eton into the  

stream into (and out of) the "soft” tissues, in which toxic eff ects may result from  

the presence of sufficiently high concentrations of lead. The "bo dy burden” is  

potentially important, no doubt, but the lead which is available to exert physiological  

or harmful effects is that which is most actively engaged in the metabo lic affairs  

of the organism. The level of this "actively engaged lead”  is that which is  

revealed jointly, in the physiologically intact organism, by the l ead content of  

the blood and the urine. It is in this context that the o bservations of the past  

several decades in the potentially or actively hazardous lead-using  industries, as  

well as the results of experiments in the Kettering Laboratory and elsewhere, have  

been able, in practice, to differentiate between hazardous and, no n-hazardous types  

and degrees, of exposure to and absorption of lead. There are  those who are in ,,

great doubt as to the ability of the physicians in our time to detect and interpret  

the effects of the absorption of minute quantities of lead; w ho believe, or  

purport to, believe,, apprehensively, that there may  be "subclinical” effects of the \  

i absorption: of':  lead, which,1 thus far,, we have been unable, by any m eans at hand, to \  

discover. Stich may be the case in the future, as ind eed it has been found to be in  

the recent past, in which certain deviations in the synthesis  of hemoglobin have  

come to light and are now demonstrable as elevated levels of the  concentration of  

coproporpliyrin III and delfa-amino-levulinic acid. While the signifi cance of these  

biochemical aberrations in relation to incipient plumbism has not been f ully  

elucidated, they seem destined to be regarded as function al pathology, which only  

a short time ago was indeed "subclinical.” The fact is,  however, that these  

evidences of chemical pathology, if they may so be adjudged , do not appear, according  

to available information, when standards for the safety of’ workmen in the lead-using  

industries, such as we have been advocating for the past three decades, have been  

adhered to consistently. This is to say that the present ph ysiological criteria
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for freedom from the likelihood of lead intoxication in any form, b ased on the  

level of the concentration of lead in the urine and, more prec isely, the blood of  

workmen in the lead-using industries, have stood unchallenged by  the tests of time  

and clinical experience. It is unlikely that they will suffer from serious  

shortcomings in the foreseeable future. If this be grante d, in relation to  

occupational exposure to lead, then the principle of measuring human f reedom from  

lead intoxication in terms of the content of lead in the urin e and blood, as  

indicators of the relative lead content of the soft tis sues of the body, is equally  

applicable. The objective of our experimentation, t herefore, has been to seek out  

and define a level of environmental exposure to lead which wil l not result in a  

progressive increase, bn an elongated time base, in the lead c ontent of the urine  

and blood of the human population. Put in this way, the criter ion for human health  

in relation to lead may seem to be unduly restricted, and woul d be so were it not for  

two considerations - namely, (1) that this criterion has withstood the t est of time,  

thus far, and (2) that it is certainly correct in pr inciple and can be corrected:  

quantitatively,,should there be any valid reason for so doing  ,in the future. ■ ,

: The preceding.discussion arises,from the circumstance that the, experimental

work to which this report relates, has come very near to a chieving its specific  

objective. It seems appropriate therefore to restate its  basic physiological and  

clinical background, and to consolidate the position established the reby. Every  

effort will be made by ill-informed and apprehensive persons i n this country and v  

abroad to set a standard for the lead content of the ambi ent atmosphere at a number  

.■ which will provide a factor of safety based on ignoranc e and apprehension, rather  

than on a realistic examination of the facts.

THE PRESENT EXPERIMENT , '

This experiment, as noted previously (full Progress Report  made to USPIIS
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in February 1967; and in brief report to Melvin R. Plancéy i n a letter dated  

April 17, 1968), was initiated on October 10, 1966. Two men, Sub ject and

Subject , entered upon a regimen of exposure to airborne le ad sesquioxide,

within two parallel respiratory chambers, at the level of 20 mic rograms in terms  

of lead, in the same state of subdivision as that used in the last preceding  

experiment (mean diameter 0.05 micron, with the maximum of 0.18 micron) . The

initial proportion of the time spent by the subjects within t he chambers was 21  

hours of the 168 hours of a full week, and the exposure contin ued so for 20 weeks.  

The further schedule involved corresponding periods of time (20 or 16 weeks , either  

of which appeared to be sufficient to elicit the maximum excretory respo nse), in'  

succession, at rates of 31.5, 42.0, 52.5, 63.0, and  73.5 hours per week.

Subject as has been reported previously, found it advisabl e, with
our approval, to discontinue his services in August of 1967. On  finding out, in  
advance, that this would occur, the course of the experime nt was modified somewhat  
in order to gain as much information as might be possible in the short time  
available. The results are being worked up for their contrib ution to the full  
account, of the experiment, which will be : completed by another ma n, Subject ;
The latter was brought into the experiment as promptly as  he could be found, tested,  
and accepted, and after a preliminary period of 24 weeks (sufficie nt to cover the  
two most different seasons Of the. year), he began his experimental s chedule in one  

;of the respiratory chambers, at about the point, at whi ch Subject had ended,
thereby maintaining the continuity of the experiment in.,  a.  manner which seemed  
appropriate. Since the experience of Subject was incomple te, while that of
Subject ^01.,  because of the delay occasioned by the preliminary observati ons, has  
not been sufficient, as yet, to yield definitive results, no f urther reference will  
be made to either in this report.

Subject has. now completed the schedule of exposure as described above

As of October 6, 1968,  he had spent 73.5 hours per week for 16 weeks in the chambe r.  

He will continue until the end of the calendar year, at least,  on a regimen similar  

to that of the successive periods of exposure, except th at he will have discontinued  

the experimental exposure to lead. In this manner, we shall be able to observe  

such decrease in his urinary output of lead as may occur.  (It may be that some  

suggestion of a decrease will occur in the concentration of lead in his b lood. See

. 0004486

below.)
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It appeared, as early as the mid-year of 1967,  that this subject was

responding to the experimental exposure to lead by excreting a somewhat  larger  

quantity of lead in his urine than he had previously. This trend  continued  

throughout the remainder of the experimental exposure. The larg e volume of results  

has been but partially examined in detail, and there is a considerable  amount of  

statistical work yet to be done. Nevertheless, by careful ins pection, alone, of  

the grouped and plotted data obtained by the analysis of the urine and blood  

(along with a cursory glance at those of the food and feces),  certain crude facts  

are evident; There was, indeed, a regular increase i n the rate of the excretion of  

lead in the urine, following an initial significant incre ase at about the middle  

of the period during which the exposure was maintained (this time for 20 weeks)  

for 42 hours out of the 168 hours of the week. As nearly as  can be ascertained  

without examining all of the pertinent data, and subjecting them to statisti cal  

analysis, Subject failed to yield any demonstrable incre ase in his urinary

excretion of lead during the 20 weeks of his exposure for 21 h ours per week  

(12.5 percent of the time) to 20 micrograms of lead in his  respired air. There is  

dubious evidence of some increase (too slight to be beyond the  range of ordinary  

variability) during the latter half of the period of 16 we eks of exposure for  

31.5 hours per week. The trend seems unmistakable from there on to the end of the  

experiment, despite certain irregularities in the rate of the increase from one  

period to the next, and so on. Seasonal effects have been ob served in all of our  

experiments in which the magnitude of the exposure to lead has remained n early  

constant throughout a year or more, and these have to be ta ken into account in this  

experiment, despite the primary trend.

slope of the incremental increase in the rate of the urin ary excretion of lead^has  

been projected to the point which, hypothetically, is an expression of t he effect

The straight line drawn, by inspection alone, to represent  the approximate

TT
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of breathing, continuously, ambient air containing 20 microgra ms of lead in the  

form provided in the experiment. This line and its projection have not been  

determined by calculation, and therefore may not be regarded as precise, b ut the  

outcome of the projection, even as an approximation, poi nts to the unaceeptability  

of 20 micrograms as the threshold value for the ambient air.  Thus, by extrapolation,  

it is predicted that, under the experimental conditions, the ave rage lead content  

of the urine will have reached the high point of its normal rang e - that is the  

average output of lead per day in the urine will have shifted from somewhat less  

than 30 micrograms to approximately 80 micrograms, in about fou r and one-half years.  

After that time, the increase in the rate of excretion will  continue at an equivalent  

rate, at least, and will be accompanied by a somewhat more slo wly increasing  

concentration of lead in the blood, as a manifestation of an increase in the  body  

. burden of lead. . • . -  ̂ , ,

In contrast with the renal response to the experimental exp osure, that  

represented by the concentration of lead in the blood during the conduct of the  

experiment is strikingly different. The behavior of the urine and th e blood was  

apparently parallel during the period when the duration of the exposure was 42 hours  

per week; it continued so during the first half of the (next) perio d of 52.5 hours  

per week. But from this time on,after a fairly sharp decrease  (actually a drop of  

only 7 micrograms - about 25 percent - per 100 grams of whole b lood), there was no  

further consistent increase. Evidently the lead content of the  "soft tissues" of  

the body sustained little or no further significant increase within the p eriod  

of time represented in the experiment. (This phenomenon has been ob served previously  

in connection with elevations of the absorption of lead at rates near the th reshold  

of detection.) It would appear that the factor of the dilutio n of available lead  

(a few milligrams distributed into the kilograms of soft tissue) by rea son of the  

excretion of lead in transit, augmented by the selective absorption of  lead into the

. : 0004488 ■
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skeleton, diminished effectively the rate of the accumulation of lead in the s oft  

tissues.; ' '■  : , .

DISCUSSION ■ : : /  . ■ ; ■ . .

The results of this experiment thus far are seemingly clear. Their ,  

interpretation in relation to the promulgation of a standard for the le ad content  

of the atmosphere is not quite so simple, for it involves  careful consideration of  

all of the information that can be gleaned from the experiments comp leted thus far,  

and from the further observations being made on companion Subject D.H.  It is  

evident that the concentration of 20 micrograms of lead per cubic meter, in the  

chemical and physical form employed in these experiments, would n ot be tolerated  

indefinitely by the human population. Such respiratory exposure to lea d, under  

existing conditions as to thè lead content of the food and  beverages in the human  

dietary, may be counted on to result in an increase in th e body burden of lead in  

the average person, as compared with that of the present ti me. In all likelihood,,  

as judged by earlier experimental results, this increase would be of an indefinitely  

progressive type, and while the 'Consequences of such a slo w accumulation of lead in .  

the body, throughout the lifetime of the individual and  that of a human population,  

are by no means predictable (since no such situation has eve r been examined carefully  

in the course of human history), they can hardly fail to be  potentially hazardous.

No such hazard would be socially acceptable.

It has been suggested by Stopps, in view of the results of th e experiments  

carried out at the level of 10 micrograms of lead (in th e same form), and in the  

light of other considerations, that this level might we ll be considered to be the  

threshold value. This is not far, it seems, from the co rrect figure, but since,  

oil the one hand, the experimental, evidence does not ap ply to exposure at that level  

beyond 73.5 hours per week (slightly less than half the full ti me), one cannot be
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certain, at this time, that no response, in the form o f an increase in the rate of  

the urinary output of lead, will occur under the conditions of a more  nearly  

continuous exposure at that level. It may well be feasible,  however, to convert  

all of the degrees of severity of the respiratory exposure o f all of the subjects  

involved in these experiments to a common and absolute basis for c omparison, by  

expressing them as the product of time x concentration. By this means, one can  

develop a moving standard on a time base, representing freedom from hazard at a  

certain level of concentration in terms of the proportion of the total period of  

time. This, in itself, is an highly desirable achievemen t. Conversely, with  

time as a constant, at the level of 24 hours per day or 168 hours per week in the  

case of the ambient air, one can arrive, by calculat ion, at a level of concentration,  

which is compatible with freedom from the accumulation of lead in the bod y.

Upon examining the data of all of the relevant experiments in a variety  

of ways, during the coming months of the continuation of the curr ent experiment,  

one may be able to establish a satisfactory level on a firm base , or alternatively  

point sthe way. to a decisive experiment, such as th at now under contemplation by A.P. I.  

The' latter should be so designed, in any case, as to serve this purpose, if it  

turns out to be feasible. It should be examined carefully f rom the latter viewpoint.

Robert A. Kehoe, M.D.

October 17, 1968


