
The derivation of these equations and their 
application to man have been discussed in 
detail by F. Berglund and M. Berlin in 
Chemical Fallout: Current Research in Per- 
sistent Pesticides, M. W. Miller and G. G. 
Berg, Eds. (Thomas, Springfield, Ill., 1969), 
pp. 258-268, and by T. W. Clarkson in 
Critical Reviews of Toxicology (Chemical 
Rubber, Cleveland, Ohio, 1972), vol. 1, 
issue 2, pp. 203-234. These equations were 
applied to estimate the body burden of methyl- 
mercury as follows: If t, is the number of 
days of ingestion of contaminated bread, the 
daily intake, m, is related to the total dose, 
D, by the expression: 

m = D/t- 
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and the body burden, Bmax, at the end of 
ingestion will be 

Bmax = (D/ktl) [1 - exp(- kt2) 
where t, is the latent period in days. The 
value of k was calculated from the pub- 
lished value of T1/2 (76 days) from Miettinen's 
data from 15 volunteers. The values of t, 
and t, were obtained from interviews with the 
patients and are listed in Table 4. The value 
of D was estimated from the concentration 
of mercury in the patient's blood by means 
of (i) linear regression analysis of the data 
in Fig. 5, A and B [see (14)]; (ii) Miettinen's 
data [see (12)]. 

16. R. Von Burg and H. Rustam, unpublished 
data. 
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18. It should be noted that concentrations of 
mercury in maternal and infant blood have 
not been corrected for hematocrit differences. 
It is known that in the rural population of 
Iraq the hematocrit of the newborn infant may 
be twice that of its mother. These differences 
in hematocrits may be of importance be- 
cause of the observation that the ratio of 
human red blood cells to the concentration 
of methylmercury in the plasma is approxi- 
mately 9: 1. 

19. Population statistics were obtained from 
Annual Abstract of Statistics (Central Sta- 
tistical Organization, Ministry of Planning, 
Iraq. 1970). 

17. L. Amin-Zaki, S. Elhassani, M. A. Majaed, 
unpublished data. 

18. It should be noted that concentrations of 
mercury in maternal and infant blood have 
not been corrected for hematocrit differences. 
It is known that in the rural population of 
Iraq the hematocrit of the newborn infant may 
be twice that of its mother. These differences 
in hematocrits may be of importance be- 
cause of the observation that the ratio of 
human red blood cells to the concentration 
of methylmercury in the plasma is approxi- 
mately 9: 1. 

19. Population statistics were obtained from 
Annual Abstract of Statistics (Central Sta- 
tistical Organization, Ministry of Planning, 
Iraq. 1970). 

Support of New Principal 
Investigators by NIH: 1966 to 1972 

Rate of entry of investigators into the NIH 

research project grant system is analyzed. 

Carl D. Douglass and John C. James 

Support of New Principal 
Investigators by NIH: 1966 to 1972 

Rate of entry of investigators into the NIH 

research project grant system is analyzed. 

Carl D. Douglass and John C. James 

In recent years, the growth of funds 
for the support of the National Insti- 
tutes of Health (NIH) extramural re- 
search projects has slowed, and there 
was actually a slight decline in funds 
appropriated for research in fiscal year 
1970. Increases in funding during fiscal 
years 1971 and 1972, up substantially 
from the 1970 level, indicated a re- 
sumption of the slower pace of growth 
extending approximately from 1966 to 
1972. Such a situation has caused some 
concern in the biomedical community 
as to whether recently graduated but 
well-qualified scientists, not previously 
established as principal investigators, 
could compete successfully for new re- 
search grants. In view of this, the test- 
ing of the assumption that "new blood" 
is continually being infused into the 
population of investigators being sup- 
ported becomes especially important. 
Consequently we have undertaken an 
analysis of the rate at which new 
investigators are gaining their research 
support from the NIH through the 
traditional research project grant mech- 
anism. During periods of little or no 
growth, it is still possible for new in- 
vestigators to receive support from 
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NIH each year because of the turn- 
over in the research grant system and 
the resulting availability of money to 
fund competing applications. 

Each fiscal year there are three re- 
view cycles, in which new and compet- 
ing renewal research grant applications 
are evaluated-first by the study sec- 
tions, for scientific merit, and then by 
the National Advisory Councils, for 
policy consideration and relevance to 
the mission of a particular national in- 
stitute. Approximately 70 percent of 
the grants awarded each year are non- 
competing continuations, which are re- 
garded as moral commitments since 
they represent the second, third, or 
further additional year of a project ap- 
proved for a period of more than 1 
year of grant support. These grants are 
classed as "noncompeting" and are 
funded without being resubmitted for 
competitive review because they fall 
within the approved project period. At 
the end of the project period, averaging 
about 3 years, the investigator may 
apply for a renewal of his research 
grant by submitting an application that 
will reenter the competition. Thus, both 
new and renewal applications are in 
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competition for funds remaining from 
payment of noncompeting grant awards. 

A detailed analysis (1) of NIH extra- 
mural programs from, 1960 to 1970 
provides background for understanding 
variations in the NIH growth pattern. 
Although the amount of support in 
dollars steadily increased, there was a 
decline in total number of projects 
supported during the latter half of the 
decade. The reason for the decline in 
the total number of research projects 
is related to such factors as inflation; 
increasing commitments to large bio- 
medical research complexes, called 
"centers"; increasing technological com- 
plexity, which increases the cost of re- 
search; increased indirect costs; and 
increasing levels of personnel costs in 
research grant budgets. All of these 
factors influence the level at which 
NIH can support new projects in sci- 
entifically and programmatically meri- 
torious areas of research and, conse- 
quently, the rate at which well-trained 
scientists may enter the system and 
assume major responsibility for their 
own research. Moss (2) in a study of 
the applications presented to the June 
1971 meeting of the National Advisory 
Heart and Lung Council, found that 
the applications of young scientists 
(under age 36) were approved at a 
higher rate than those of older, more 
established scientists. 

The single largest NIH extramural 
grant program, that of investigator- 
initiated research projects, has been 
funded at levels ranging from $341 to 
$427 million annually since fiscal year 
1966. Information on this program is 
shown in Table 1. The intent of our 
study was to measure the rate of entry 
of new principal investigators (PI's) 
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Table 1. NIH research projects. 

Fiscl Number Amount awarded Fiscal of (millions year awards of dollars) 

1966 11,482 342.8 
1967 11,333 373.3 
1968 10,571 379.1 
1969 10,267 366.0 
1970 9,140 341.3 
1971 8,788 371.8 
1972 9,123 427.6 

into the research project grant system 
and to record some of their character- 
istics. For purposes of this analysis, 
"new PI" refers to a scientist who re- 
ceived his first NIH research grant be- 
tween 1966 and 1972. Accordingly, 
"established investigator" refers to a 
scientist who was the PI of an NIH 
research grant prior to 1966. 

We do not presume that the only 
mode of entry into the NIH-supported 
research grant system is through the 

investigator-initiated traditional research 

projects (hereafter referred to as "re- 
search projects"), although this is by 
far the predominant course. Other ways 
in which capable research scientists 

may become associated with the NIH- 

supported research programs in posi- 
tions of responsibility are (i) as lead- 
ers on subprojects of larger types of 

grants such as program projects (for 

research problems broad in scope or 

problems that require a multifaceted 

approach) or clinical research centers 
and (ii) as coinvestigators on research 

projects. Biomedical scientists seeking 
individual research support can also 

gain it through other NIH programs, 
although such opportunities are limited. 

Specifically, only the new research 

project awards (contrasted to renewal 
or continuation awards) were analyzed. 
The results, however, are discussed in 
relation to the larger universe of all re- 
search projects. Since a new grant can 
be obtained by either an established or 
a new PI, records were searched back 
to the beginning of NIH grant support 
programs in order to classify all new 
awards. As a result, 6,371 new PI's 

among a total of 9,765 recipients of 

11,251 new grants between 1966 and 
1972 were identified. Table 2 compares 
the new group of investigators with 
those having grants prior to 1966. Be- 
tween 1966 and 1972, 64 percent 
(7,155 of 11,251) of all new awards 
were received by the new PI's. This 
number takes into account multiple 
awards, averaging 1.12 new awards for 
each new PI during the period studied. 
The established PI's received fewer new 
awards, but averaged 1.20 new awards 

per individual. 
These data clearly show that the new 

PI's have consistently competed suc- 

Table 2. New NIH research project grant awards to new and established principal investigators 
(PI's), fiscal years 1966 to 1972. 

Number Average Average amount 
Number per award N" number of 

Recipient of of number f pr olars) 
awards investi- awards per (dollars) * 

gators investigator 1967 1971 

New PI's 7,155 6,371 1.12 30,700 35,500 
Established PI's 4,096 3,394 1.20 35,200 40,100 

* Data for these two fiscal years were chosen to illustrate typical average sizes of new grants. 

Fig. 1 (left). NIH competing research project awards, 1966 to 1972. Fig. 2 
(right). NIH competing and noncompeting research project awards, 1966 to 1972. 
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Table 3. New NIH research project awards 
by fiscal year, with number and percent of 
first awards to new principal investigators 
(PI's). 

Total Awards to 
Fiscal number new PI'S* 
year of new Num- Per- 

awards ber contt 

1966 1,910 1,072 56 
1967 2,021 1,102 55 
1968 1,393 766 55 
1969 1,613 909 56 
1970 1,118 664 59 
1971 1,300 783 60 
1972 1,896 1,075 57 

Total 11,251 6,371 
* First award. t Percent of all new awards. 

cessfully for a share of the fluctuating 
pool of funds available for competing 
awards from year to year. The awards 
to new investigators shown in Table 3, 
limited to the first award that each 
individual received and grouped ac- 

cording to the fiscal year of the first 
award, provide information about the 
number of new PI's entering the NIH 
research projects program year by year. 
As mentioned above, an even greater 
proportion of new awards is captured 
by the pool of new PI's when multiple 
new awards are considered. The rela- 
tively steady rate of entry of new sci- 
entists into the system, as permitted ,by 
the amount of funds available for com- 

peting applications, is demonstrated by 
these numbers. Although the actual 
number of new investigators who could 
be supported decreased between 1968 
and 1971, when the total number of 
research projects declined and the 
amount of funds available for starting 
new grants was relatively limited, the 

proportions of new investigators did 
not change much. 

Figure 1 shows the proportions of 
new and renewal awards in the com- 

peting sector for the entire period of 
1966 to 1972. The 7155 new grants to 
new PI's, each one representing the 
start of a new research activity, 
amounted to 33 percent of all the com- 
peting awards for the period. 

The proportion of new PI awards 
(10 percent) to all research project 
awards is shown in Fig. 2. Since the 
time span covered by the study was 7 
years, many renewal awards and non- 
competing awards were also received 
by the new PI's later in the period. 

These data may be reduced to the 
number of individuals receiving awards 
for any fiscal year. An examination of 
the number of new PI's year by year, 
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compared to estimates of the total 
number of all PI's in the research proj- 
ect system (Table 4), provides another 
indication of the rate of entry of scien- 
tists into this research program. The 
variations in the number of new PI's 
from year to year can be attributed 
mainly to fluctuations in the amount 
of funds available for the award of 
competing grants. Thus, during the last 
seven fiscal years, a substantial number 
of new PI's, ranging from 8 to 13 per- 
cent of all PI's on research projects, 
have been supported each year for the 
first time. The upswing in fiscal year 
1972 brings the level of new grant 
activity up to that characteristic of the 
1966 to 1967 period, but the percent- 
age of new PI's in 1972 is greater than 
the average (about 10 percent) for the 
7-year period under study because of 
the smaller base of active grants gen- 
erated in several years of decline. From 
1966 to 1972, the total pool of sup- 
ported PI's declined by about 20 per- 
cent, from approximately 10,250 to 
8,150. 

That decline is highlighted by the 
data presented in Table 5, which pre- 
sents the estimated number of PI's no 
longer supported by research projects 
in a particular fiscal year for one rea- 
son or another. The investigators who 
lost this type of support may not have 
reapplied, may have had their grants 
terminated, or may have changed sup- 
port mechanisms. The severity of the 
cutback in fiscal year 1970 is evident 
from this treatment of the data. If 
one considers that the number of active 
projects is a measure of the level of 
research activity, the trend depicted in 
Table 1 indicates that the amount of 
research being conducted by this mech- 
anism of support has declined. It might 
appear that, if 10 percent of all PI's 
in the system each year are new and 
if the total number remains constant, 
there would be a complete turnover 
within 10 years. However, since all 
investigators must compete for re- 
newals (some unsuccessfully), it is 
obvious that the pool is enriched, but 
not wholly replaced, by new PI's in a 
decade. The flux in the system indi- 
cated by the results of this study sug- 
gests that there is a continual need to 
produce trained biomedical scientists in 
order to maintain the vigor of the 
health research enterprise. The entry of 
approximately 1000 new PI's each 
year, under the present funding rates 
for all new applications, would require 
4000 or more applicants for new grants 
yearly. 
20 JULY 1973 

Characteristics of New PI's 

Selected characteristics of new PI's 
have been analyzed to provide informa- 
tion about their age at the time their 
first award was received, their sex, de- 
grees held, and the time lapse between 
their latest academic or professional 
degree and the beginning of the first 
grant. Sex and degrees held were deter- 
mined for all of the new investigators 
in the study, while the other character- 
istics were taken from a random sam- 
ple (665 individuals) of the 6371 new 
PI's from 1966 to 1972. A total of 
604 individuals in the sample were 
either M.D.'s or Ph.D.'s, and the rela- 
tive proportions of these two groups 

Table 4. Number of new principal investi- 
gators (PI's) per year compared to estimates 
of the number of all PI's on NIH research 
projects. 

New PI's 
Fiscal Total number 
year of PI's Num- Per- 

ber cent 

1966 10,253 1,072 10.5 
1967 10,119 1,102 10.9 
1968 9,438 766 8.1 
1969 9,167 909 9.9 
1970 8,161 664 8.1 
1971 7,850 783 10.0 
1972 8,146 1,075 13.2 

Table 5. Number and percent of principal 
investigators (PI's) no longer supported as 
leaders of research projects. 

PI's no longer 
supported as leaders 

Fiscal of research projects 
year 

Num- Per- 
ber cent* 

1967 1236 12.1 
1968 1447 14.3 
1969 1180 12.5 
1970 1670 18.2 
1971 1094 13.4 
1972 779 9.9 

* Based upon estimated number of PI's in re- 
search project grant system at beginning of year. 

Table 6. 
(PI's). 

Sex of new principal investigators 

Number Female new PI's 
Fiscal of 
year new Num- Per- 

PI's ber cent 

1966 1072 66 6.2 
1967 1102 68 6.2 
1968 766 54 7.0 
1969 909 65 7.2 
1970 664 48 7.2 
1971 783 57 7.3 
1972 1075 87 8.1 

closely approximated those in the pop- 
ulation of 6371 investigators. 

Approximately 54 percent of the 
Ph.D.'s in the sample were under age 
35, and 75 percent were under age 40 
at the start of their first grant. For 
M.D.'s the age was higher. Only 28 
percent of the M.D.'s received their 
first grant when they were under age 
35, while 70 percent were under age 
40. The median age at the time of the 
first grant was 34 for Ph.D.'s, com- 
pared to 37 for the M.D.'s in the sample. 

Another characteristic taken from 
the sample was the time elapsed be- 
tween the date a research investigator 
received his professional or academic 
degree and the starting date of his first 
grant. Approximately 64 percent of the 
Ph.D.'s in the sample had received their 
first grant within 6 years, compared to 
about 8 percent of the M.D.'s within 
the same interval of time. The median 
time elapsed was approximately 5 years 
for Ph.D.'s and 11 years for M.D.'s. 
Internship and residency requirements 
no doubt contributed to this difference. 
Another possible reason for the delay 
for M.D.'s is the time required for the 
accumulation of research experience, 
which the Ph.D. acquires as part of his 
doctoral training. Planning for future 
research efforts must take into account 
the relatively long period of time be- 
tween the beginning of graduate train- 
ing or health professional training and 
the maturing of the trained person to 
the point where he or she is competent 
to receive a research grant. The median 
for this overall period of time (pre- 
doctoral plus postdoctoral) is probably 
at least 10 years for Ph.D.'s. The 
NIH's experience with M.D.'s over the 
past 7 years suggests a median of 
nearly 15 years from the beginning of 
medical school to the beginning of the 
first research grant. 

Data concerning sex of the grantees 
was obtained because of the consid- 
erable interest in knowing the success 
rate of women scientists in the compe- 
tition for research grants. With respect 
to the percentage of women among the 
new PI's, data (Table 6) show a slight 
upward trend. A greater increase in 
both number and proportion of awards 
to women occurred in fiscal year 1972. 

From another study (3) dealing with 
the sex of PI's, it was found that, be- 
tween fiscal years 1967 and 1971, the 
proportion of women among all appli- 
cants for new research project grants 
ranged from 5.7 to 7.2 percent. Con- 
sidering this, the trend shown in Table 
6 suggests an important relation be- 
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Table 7. Degrees held by new principal investigators on NIH research projects, fiscal years 1966 to 1972. 

1966 1967 1968 1969 1970 1971 1972 
Degree Num- Per- Num- Per- Num- Per- Num- Per- Num- Per- Num- Per- Num- Per- 
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M.D. 
Ph.D. and M.D. 
Ph.D. and other health 

Ph.D. 
M.D. 
Ph.D. and M.D. 
Ph.D. and other health 

515 48.0 602 54.7 427 55.7 547 60.2 414 62.3 501 64.0 712 66.2 
441 41.1 384 34.9 251 32.7 279 30.7 199 30.0 221 28.2 274 25.5 

30 2.8 39 3.5 39 5.1 46 5.1 26 3.9 31 4.0 46 4.3 
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professional degree 9 0.8 17 1.5 10 1.3 14 1.5 9 1.4 8 1.0 19 1.8 
D.D.S. 32 3.0 13 1.2 12 1.6 6 0.7 1 0.2 5 0.6 5 0.5 
D.V.M. 13 1.2 6 0.5 9 1.2 4 0.4 5 0.8 6 0.8 4 0.4 
NEC* 32 3.0 41 3.7 18 2.4 13 1.4 10 1.5 11 1.4 15 1.4 

Total 1072 99.9 1102 100.0 766 100.0 909 100.0 664 100.1 783 100.0 1075 100.1 

* Not elsewhere classified. Includes M.S., B.S., paramedical, engineering, other professional degrees, and principal investigators not identified by degree, 
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tween the rate of application of women 
for new research project grants and 
their rate of success in receiving 
awards. Kaufman's study (3) also 
shows that the approval rates of re- 
search project applications from male 
and female investigators do not differ 
significantly. 

An analysis of the degrees held by 
new PI's (Table 7) shows a steady in- 
crease in the proportion of Ph.D.'s and 
a steady decline in the proportion of 
M.D.'s. Analyses of the degrees held 
by Pi's of all research projects and of 
the degrees held by all applicants for 
research project arants have shown the 
same general trends. In 1966, Ph.D.'s 
accounted for 48 percent of all compet- 
ing applications and 49 percent of the 
grants, while M.D.'s submitted 41 per- 
cent of the applications and received 
39 percent of the grants. In 1972, by 
contrast, 60 percent of the competing 
applications were from Ph.D.'s and 59 
percent of the grants went to them, 
while M.D.'s accounted for only 29 
percent of the applications and 32 per- 
cent of the grants. The transition in 
both cases was aradual. The smaller 
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39 percent of the grants. In 1972, by 
contrast, 60 percent of the competing 
applications were from Ph.D.'s and 59 
percent of the grants went to them, 
while M.D.'s accounted for only 29 
percent of the applications and 32 per- 
cent of the grants. The transition in 
both cases was aradual. The smaller 

proportion of M.D.'s applying for and 
initiating their own research projects is 
no doubt attributable to a number of 
factors, including national supply and 
demand. Physicians have more employ- 
ment options than do most other bio- 
medical scientists upon termination of 
their training, and other national de- 
mands for physicians place a strain 
upon the available manpower resources, 
However, another study in progress has 
shown that proportionately more M.D.'s 
are involved in research at large cen- 
ters and in interdisciplinary projects, 
which have been funded at proportion- 
ately greater rates than traditional re- 
search projects within the last several 
years. These projects tend to be oriented 
toward categorical medical problems, 
which require the skills of M.D.'s 
more than those of Ph.D.'s. 

Summary 

In summary, our findings indicate 
that the research project grant pro- 
grams of NIH have consistently pro- 
vided opportunities for newly trained 
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which require the skills of M.D.'s 
more than those of Ph.D.'s. 

Summary 

In summary, our findings indicate 
that the research project grant pro- 
grams of NIH have consistently pro- 
vided opportunities for newly trained 

scientists to receive support for bio- 
medical research projects that they 
have initiated themselves. The system 
encourages progress in the biomedical 
sciences through the continuous influx 
of creative individuals who can explore 
their own research ideas, ideas that also 
correspond to the health research needs 
of the nation as reflected by the cate- 
gorical missions of the institutes. De- 
spite the decline (approximately 20 
percent) in the total number of active 
research projects over the past 7 years, 
the proportion of new PI's among all 
recipients of new awards remained fairly 
constant from year to year. From 1966 
to 1972, an average of 57 percent of 
all new research project awards were 
received by PI's entering the system for 
the first time, while an average of ap- 
proximately 10 percent of all the PI's 
on research projects each year were 
new PI's being supported by NIH for 
the first time. 
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In the last 2 years, highly placed 
White House staffers and perhaps the 
President himself, apparently con- 
sidered cutting off federal research 
funds to the Massachusetts Institute of 

Technology as a political reprisal 
against its president, Jerome B. 
Wiesner. 
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The evidence for this consists of the 
texts of two White House memoranda, 
one referring to a prior presidential 
"directive" to cut M..T.'s money "in 
view of Wiesner's antidefense bias." 
The second, which was addressed to 
the President himself, discussed how to 
do this. The first was addressed to 
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one referring to a prior presidential 
"directive" to cut M..T.'s money "in 
view of Wiesner's antidefense bias." 
The second, which was addressed to 
the President himself, discussed how to 
do this. The first was addressed to 

presidential aides John Ehrlichman, 
Henry Kissinger, and George Shultz 
in 1971; the second was addressed to 
the President in 1972. However, the 
plan apparently came to nothing; 
M.I.T.'s federal research funds have 
increased steadily over the last 3 
years. 

Wiesner-who was President John F. 
Kennedy's Science Adviser and an 
ardent foe of the Nixon-backed anti- 
ballistic missile system-is also listed 
on the White House "enemies" list said 
to be drawn up by the office of Charles 
W. Colson. It is not known what, if 

any, connection there is between the 
enemies list and the Wiesner-M.I.T. 
memos. The memos' existence, at least, 

SCIENCE, VOL. 181 

presidential aides John Ehrlichman, 
Henry Kissinger, and George Shultz 
in 1971; the second was addressed to 
the President in 1972. However, the 
plan apparently came to nothing; 
M.I.T.'s federal research funds have 
increased steadily over the last 3 
years. 

Wiesner-who was President John F. 
Kennedy's Science Adviser and an 
ardent foe of the Nixon-backed anti- 
ballistic missile system-is also listed 
on the White House "enemies" list said 
to be drawn up by the office of Charles 
W. Colson. It is not known what, if 

any, connection there is between the 
enemies list and the Wiesner-M.I.T. 
memos. The memos' existence, at least, 

SCIENCE, VOL. 181 


