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LEAD IN THE ENVIRONMENT
AND ITS EFFECTS ON HUMANS

N

1. SACKGROUND OF THE PROBLEM

Lead is widely distributed in man's environment. It is found in his
food, water, and in the air he brea_hes. Most of the lead in the atmos-
phere derives from the uses of lead by man for many purposes, and
particularly, from the combustion of gasoline containing sead antiknock
additives. The possible effect of lead contamination on man's environ-
ment has been and is now of concern to the California State Department
of Public Health. This concern extends tc all segments of the population,
qorkers in lead industries, children, and the general public. For a
number of population groups, the quantity of lead in the air to which
they are exposed, and concentrations in the blood and urine have been
established to the satisfaction of most scientists, but there 1s not
agreement on the degree of safety or hazard presented by the existing
1ead body burdens,

There are certain aspects of the i1ead problem which are indisputa-
ble; others are hotly digputed. In the former category is the fact that
the people in the urban areas of California, particularly los Angeles,
are and have been in the last two decades exposed to atmospheric lead
levels which are generally higher than those of most other metropolitan
areas. The lcad is predominantly inorganic and derived from leaded
motor fuel additives. A second indisputeble fact is that no detectable
cases characteristic of lead poisoning due to community exposures have
been reported. A third indisputable fact is that the bulk of human
experiences with reactions to lead are baSed on exposures in industry;
therefore, the situation posed by high commnity lead levels represents
a new type of problem. The fourth indisputable fact is that evidence
based on occupational exposure is not directly translatable into
criteria of hagard from general commnity exposure. This is because of
the possibility of increased susceptibility of certain sectors of the
populatior and because of the differing periods of time during which th2
exposure occurs. There are also different patterns of responsibility
for prevention or control of the exposures. Another indisputable fact
{s that there is a need tor criteria for community hazard associated
with lead exposures.

Dispute exists concerning the extent to which the exposures to
lead s a community air pollutant have increased or are capable of
increasing the storage of lead in the body. Dispute .lsts co cerning
the question of whether long-term health damage occurs under conditions
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which are unlikeiy to give rise to signs or symptoms of acute toxicity.
Dispyte occurs concerning the relative contributions of air, water,
tobacco smoking, occupation and dietary practices to the data avallable
for urban-rural differences. Dispute or uncertainty exists concerning
the vaiidity and reliability of sensitive Indices of the earliest
deleterious effects of lead.

It 1s pertinent to consider the reasons why some of these disputes
exist. The first reason is that the evaluation of community exposures
has been based on experience with occupational exposure, This experlence
has been considered inappropriate with respect to community alr quality
criteria guides and standards by those who have serlously considered
them, including the Amsricen Conference of Governmental Industrial
Hyglerists. The secand reason for these disputes lies In the fact that,
since the question of the possible commmmnity hazards assoclated with
the use of fuel additiv.s containing tetraethyl! lead was raised in 1923,
there has not been an adequate effort by public health authoritles to
collect independently the data which might be relevant to this problem,
or to establish uniform bases for interpreting the available data.
Another cause for dispute lies in the difficulty of translating technical
information collected into policlies aimed at protecting the public:health.

The California State Department of Public Health has been the most
active of 11 state health departments in investigating the problem of
atmospheric contamination from antiknock compounds and in expressing a
need for information on the effects of atmospheric lead contamination.
In its Technical Report of California Standards for Ambient Alr Quality
and Motor Vehicle Exhaust (1959 (See Reference 41), the Department
Teviewed the current knowledge on the public health hazards from lead
in motor vehicle exhaust, and listed six research problems which it felt
would need to be tackled before an adequate basis would be laid for
scientifically valid ambient air quality standards. Substantial progress
has been made in these problems.

The Lead Industries Association, Inc., {s currently spending about
six million dollars annually on fourteen research projects. Most of
these are concerned with lead body burden, exposure to irhaled or
ingested lead, the toxicity and effects of lead, or a continuation of
the Survey of lead in the Atmosphere of Three Urban Cammunities (Three-
City Study, see Reference 5). In addition there are many projects being
sponsored and conducted by members of the lead industry.

The Amsrican Petroleum Institute is sponsoring or planning ten
research projects. Among these are investigations on the elimination of
the use of lead in gasoline, the effects of lead on man, the effects of
automotive exhaust on lead body burden, lead fallout on soils near
highways, lead in heavy traffic, and a continuation of the Three-City
Study.
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The U.S. Public Health Service and other Federal agencies are
conducting or sponsoring 41 research projects. These include studies

in blochemistry, pathology and toxicology, and effects on widelife
of lead. .

In 1966. the Governor of the State of California directed the
Department to report on lead contamination of the environment and
its effect on the people in California, This report represents inform-
ation on the sources, occurrence and distribution of lead in the
environment; on studies conducted by the Department; on body burdens
of lead in the population; on the state of knowledge of effects of
lead on humans; and on the need for additional information to answer
questions that now exist on the effects of lead on humans.
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Much is known about the toxicity of airborne lead at high concen-
trations. There is disagreement, however, concerning the biochemical
effects at the lower concentrations found in the atmosphere over urban
areas and on sensitive groups in the population. While some problems
of interpretation will remain, xesolution of these questions requires
first of all the c:llection of additional data on reactions of human
populations to lead.

Industrial consumption of lead in California was approximately
109,000 tons in 1964, and about 20 percent of this amount was used in
gasoline antiknock additives. Almost all of the lead in the atmosphere
of California commnities comes from motor vehicle exhausts. Because
of the large number of motor vehicles in the state and the nature of
their use, atmospheric lead is widely distributed throughout the state,
Most of the lead from vehicles, however, is discharged into the atmos-
phere over the metropolitan areas where the largest number of automobiles
are to be found.

In 1965, motor vehicles emitted about 6,000 tons of lead in Los
Angeles Cowmty and about 16,000 tons in the state. With a continuation
of current rates of increase of gasoline usage in California, and with
no change in the concentration of lead in gasoline, &hese figures will
be doubled in 1977,

There are no regulations which limit the amount of lead antiknock
. compounds in motor fuel. . At present, the amount of lead in gasoline is
voluntarily limited by industry to 4.0 cubic centimeters of tetraethyl
lead per gallon.

Studles by the Department, by the U.S. Public Health Service, and
cthers have shown that:

1. The deposition of lead in the body 1% related to the intake by
inhalation of airborne lead and the ingestion of lead in foods, beverages,
and vater. Cigarette smoking appears to contribute a small increment to
blood lead levels and to total body lead. While there is not a consensus
on the health consequences of the lead deposited in the body, it is

widely believed that an increase is undesirable.

2. The exposure to lead from food and water is several times higher
than the exposure to inhaled lead. However, the percentage of inhaled
lead absorbed by the body 1s higher than the percentage for ingested
lead.

3. In general, the higher the atmospheric exposure to lead, the
higher the blood level of lead., Blood lead levels are generally higher
in urban than in rural areas, and are higher in the central urban area
than in suburban areas. .
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4, In California urban areas almost all of the atmospheric
lead comes from motor vehicle exhaust, and about 50 to 80 percent of
the lead is contained in particles that are small enough to remain
airborne for long periods of time. Over 90 percent of the lead in
the atmosphere is contained in particles of sizes which can be retained
in the lung.

5. Of the cities where lead has been measured, Los Angeles consist-
ently had the highest atmospheric lead concentrations in California, and
among the highest concentrations in the United States cities. The
average concentration at eight stationary sampling sites in Los Angeles
during 1961-62 was 2.5 micrograms per cubic meter and the highest
single sample concentration at a station was 11.4 micrograms per cubic
meter, also in Los Angeles.

6. Concentrations of lead over freeways in Los’Angeles during day-
1ight hours averaged approximately 25 micrograms per cubic meter, and
in downtown traffic the average was about 15 micrograms per cubic
meter.

7. The concentration of blood lead in the population is 1/4 to
1/2 of that recognized as hazardous to workers in industries using
lead. Mean ambient air concentrations of inorganic lead are 1/80 to
1/8 of the Threshold Limit Value used -as a guide in industrial exposure.

8. There have been no cases of characteristic lead toxicity
ascribable to lead as a community air pollutant.



II1. RECOMMENDATTONS

A. The California State Department of Public Health should con-
tinue its research on the health consequences of lead stored in the body
and proceed to set air quality criteria, guides, and standards for
lead. Emphasis should be placed on studies to elucidate the blological
effects of lead exposures on man. The U.S. Public Health Service
should be encouraged to support such research in thi. State and elsewhere
and to join with the Department to work on criteria and standards for
lead.

1. Research on the effects of defined exposures of selected
California populations should have first priority. This should include
both adults and children, with determinations of blood and urine lead
levels, levels of delta-aminolevulinic acid, other indices of altered
porphyrin metabolism, red blood cell survival time, and other reactions.

2. Data are also needed on the extent to which atmospheric
lead may be deposited on and absorbed from food in homes and restaurants,
from £leld crops, and from the soil.

3, The State Department of Public Health should measure the
concentration of atmospheric lead at the State network stations and con-
duct special studies of lead concentrations in areas of heavy traffic

and in the proxifiity of lead-emitting industries.

B. In the interim, while the above is being accomplished, it is
recommended that:

1. No further increase in the quantity of lead in gasoline
should be allowed.

2. The U.S. Public Health Service or other Federal agencies
should join with industry to study the feasibility of reducing and/or
eliminating lead additives from gasoline.

3. Because expected increases in motor fuel use at present
concentrations of additives will result in an overall increase in exposure,
the State should study the feasibility and implications of a policy of
preventing any increase in overall exposures to lead from motor vehicle
emissions in California.

4. Each producer or blender of motor fuel suld in the State
should provide the Department with data on concentrations and amounts
of lead and other additives which have or may have health effects, such
as nickel, manganese, alkyl halides, and phosphates.
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Iv, LEAD AND ITS USES

lead is widely used., Large amounts are consumed in the manufacture
of metal products, pipe, solder, pigments, chemicals, ammunition, cable
covering, typemetal, glass and glazes, storage batteries, pesticides,
and plumbing (caulking of pipes). Of the lead used in chemicals, almost
all (99.8 percent) is in the production of gasoline antiknock additives
(tetriethyl and tetramethyl lead).l! This accounts for nearly 20 percent
of all lead consumed annually in the United States, Fumes and dusts
from industries using lead and from the combustion of gasoline or other
fuels conta.ning lead are sources of atmospheric lead, Because motor
vehicles are in such common use, the combustion of gasoline permits
lead compounds to be videly distributed in the atmosphere.

A, Use of Lead in California

About 1,500 tons per year, equal to about 1/2 of 1 percent
of the lead mined in the United States annually, are mined in California.l
The one primary smelter in Califormia, located in Selby, refines
60,000 tons per year mainly from imported ores and wastes from Lhe lead
industries.

All of the petroleum ref ineries in California add lead antiknock
compounds to gasoline which is distributed in California and to other
states or eountries. The gasoline consumed in the State in 1965 con-
tained about 21,000 tons of lead.

Lead pesticides are manufactured in California and used ir
small quantities for control of codling moth in Northern California
walnut and fruit crops.2 In 1965, about 500 tons of lead arsenate pesti-
cide were manufactured and about 150 tons were sold in California.3
This pesticide is designed to adhere to plant surfaces, to settle, and
not to remain airborne. The main concern with the use of such sprays
is the introduction of lead into the food supply rather than with
atmospheric contamination. In recent years the development of other
types of pesticides has resulted in a decrease in the use of lead com-
pounds for controlling agricultural pests.

In most of the major cities of California, there are a number
of battery manufacturers, printing firms, lead salvage operations, and
other industries using lead. Tetraethyl lead is manufactured at Antioch,
California. The annual consumption of lead has remained fairly stable
since 1941, although the uses have changed.” A decline of lead pesti-
cides and pigments, for example, has been offset by an increased use
in storage batteries and antiknock additives. Table 1 shows the cori-
sumption of lead in the United States and in California during 1764,

In addition to this a considerable amount of lead is remelted and reused,
Newspaper publishers, for example, remelt their entire stock of type-
metal at frequent intervals for recasting, and about 80 percent of the
lead in batteries 1s salvaged and reused. '
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B. Sources of Atmospheric lead in California

lead is emitted to the atmosphere from industrial operations,
combustion of gasoline, open burning of wastes and salvage operations,
and from solls or settled dusts which v contain lead.

1. Soils and Dusts

Table 2 shows the percent bZ welght of lead in soil,
dusts, and in airborne particulate matter. »3 Soils and settled dusts
have a much lower percentage of lead than alrhorne particulate matter
and thus are not a major sovice of atmospheric lead.

2, Open Burning and Burning of Fuels oth a_  .coline

Open burning and salvage operations, such as the burning
of junk cars, are sources of atmospheric lead. In most of the metro-
politan areas of Californla, these operations are prohibited or ciosely
controlled.

Coal contains some lead, but coal is not extensively
used in California. Fuel oils &nd natural gas contalin practically no
lead, )

3, Industrial Emissions of lead

In Ios Angeles County, leac!? is processed in a large number
of industrial operations. The emissions from most large lead furnaces
are controlled by filtering through fabric (baghouses). Small, low
temperature melting pots, such as those in small plumbing shops, or as
used in the occasional pouring of mechanical bearings, are generally
not controlled, Low temperature mechanical operations involving lead,
as for example, battery grid-plute stamping, contribute to the lead
content of the air within the .plant. These operations create potential
hazards to employees in the immediate vicinity but are consid~red
insignificant in their contributions to overall urban atmospperic lead
levels in California., Total lead emissions to the atmosphere from all
industrial sources in Los Angeles County are estimated to be less than
100 tons per year, Table 3 shows the type and number of furnaces and
the control methods in Los Angeles County,

In the San Francisco Bay Area, there are a smaller
number of all types of lead furnaces than in Los Angeles County, and the
emissions usually are controlled.’ Emissions from California's one
primary lead smelter, which is in the Bay Area, are controlled with an
electrostatic precipitator.? Total Bay Area atmospheric lead emissions
from industrial sources are estimated to be lower than those in Los
Angeles County.
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4, Fuel Additives

Almost all of the gasoline sold in California contains
oreanic lead antiknock compounds. The concentration of lead in gaso-
1inc varies from time to time anc with different grades and brands of
. iine. TFor example, of 13 premium fuels sold in Los Angeles during
o..uarr, 1965, the lead content ranged ffom 1.79 to 3,87 grams per
gail % The simple average was 2.93 while in the preceding month it
W . in January, 1964, it was 2,97 grams per gallon. These
“imp.. 4. thmetic averages of the fuels sampled do not take into
account the amounts of each type or brand of fuel sold. Thus, varia-
tions of such averages may not necessarily reflect changes in the
actual emissions by motor vehicles.

The yearly arithmetic average concentrations of lead In
about a dozen gasolines sampled monthly in three California areas are
shown in Table 4.8 Of the fuel sold in the three areas, about 65 percent
.;as premium and 35 percent was regular gasoline.9

In 1964, 6,920 million gallons of gasoline were sold in
California.l0 Assuming that the average lead content of premium fuels
was 3.0 grams per gallon, the lead consumed in premium fuels was
14,700 tons in 1964, The lead consumed in regular gasolines, assuming
.1 average lead content of 2.1 grams per gallon, was 5,600 tons, and the
~eial from both grades of fuel was 20,500 tons. In 19635, 7,193 million
pallons of gasoline were sold in California,10 and the total lead con-
umed in the combustion of gasoline was 21,300 tons.

Since 1950, there has been an increase of alout six per-
_eal per year in motor vehicle gasoline sold in the Statc,l! If the
<ame rate of increase continues, and there is no change in the amount
ol lead in gasoline, by 1977 the lead consumed in the combustion of
gasoline wiil be double that in 1965, It will be more than double if
Lhe lead content of gasoline is increased from present values to the
maximum of 4.0 cubic centimeters of tetraethyl lead per gallon permitted
under the voluntary agreement (see Section V).

The organic lead additives decompose almost completely
:n the engine combustion process int¢ inorganic comnounds of lead
"1~ ide-bromide, complex ammonium or phosphate chloride-bromide and
iead oxldes, Some of the lead compounds deposit in the engine, the
oxhaust system, and in the oil; but from 70 to 80 percent is eventually
exhcusted out of the tallpipe as particulates, more during high speed
driving than during stop-and-go or idling conditions.12'4o5

The amount of lead consumed and emitted in several
valifornia - ounties is estimated in 7able 5. The number of motor vehicles
in each county is reported by the California Department of Motor
Vehicles.13 It was assumed that, of the total lead consumed in the
State, the fraction consumed in a county was equal to the fraction of
the motor vehicles registered there, and the lead emitted was equal to
75 percent of the lead consumed,




-10-

High correlations between lead or carbon monoxide (CO)
and traffic density suggest that motor vehicles are the principal sourcc
of both of these atmospheric contaminants.l4s5 This indicates the

* need to measure lead in those California cities where carbon monoxide

readings have been relatively high, but where no data have been obtained
on atmospheric lead concentrations.

N RN

o, il
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V. CURRENT STATUS OF ADMINISTRATIVE AND LEGAL CONTROL

There are no Federal or State laws or regulations limiting the
content of lead antiknock compounds or other additives in motor fuels.
At present the amounts of lead antiknock compounds in fuels are limited
by industry under a voluntary agreement,

In 1925, about two years after tetraethyl lead (TEL) began to be
used coomercially in motor fuels, a series of fatalities had already
established that the manufacture and handling of TEL or ethy) fluid,
and the production of leaded gasolir.‘. involved serious health con-
siderations for the workmen, Little or nothing was known of the public
health effects of using leaded gasoline. At that time, the U.S. Surgeon
General appointed an advisory committee to investigate the health aspects
involved in the retail distribution and general use of leaded gasoline.

In 1926, on the basis of the recommendations of this Advisory
Committee, the Surgeon General formulated proposed regulations to pro-
tect the health of workers who were industrially or occupationally exposed
to TEL, ethyl fluid, or ethyl gasoline., The Conference of State and
Territorial Health Officers approved the proposed regulations, a part of
which was to 1limit TEL in motor fuels to a maximum of 1 part in 1260 by
volume (3.0 cubic centimeters per gallon) for commercial grade TEL, and
1 part in 1300 for the chemically pure grade.16 This part of the
recommendations was based on commercial practice rather than on hygilenic
considerations. While the proposed regulations were never adopted into
law, the Ethyl Corporation in 1926, and the E. I, Dupont de Nemours
Company, when it began marketing TEL in 1946, voluntarily agreed to abide
by the proposed limit of 3.0 cubic centimeters per gallon.

The Surgeon General's Committee had concluded that while garage,
repair shop, and service station workers may have shown evidence of lead
absorption and stcrage, there were no good grounds for prohibiting the
use of ethyl (leaded) gasoline of the composition specified above, pro-
viding that 1its distribution and use were controlled by proper regula-
tions. The Committee stated that its studies had involved a relatively
small number of individua's for a relatively brief time period, when
considering the possibilities in connection with lead poisoning. The
Committee also stated that widespread use of leaded gasolines might
bring about conditions very different from those studied including a
menace to the health of the general public, and that longer experience
might reveal lead poisoning or less obvious chronic degenerative dis-
eases from even slight storage of lead in susceptible individuals.16

In view of such possibilities, the Committee felt that investiga-
tions begun by it must not be allowed to lapse. It was suggested that
lead dust as well an carbon monoxide from automobiles might be addi-
tional sources of danger to health. Finally, the Committee strongly
urged that, due to the vast increase in the number of automolLiles
throughout the countxry and because the health of the general public

el “\ ! Py
M e
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was involved, the U.S. Public Health Service should request appro-
priations to continue these investigations and to study related pro-
blems connected with the use of motor fuels.16

Minor revisions to the recommendations have been necessary since
1926, including the increase of the TEL content in aviation gasoline
to 4.5 cubic centimeters per gallon in 1934, and the establishment
of a color system for various grades of aviation gasoline.

Ia 1958, the Ethyl Corporation asked the advice and guidance of
the .S. Public Health Service on increasing the maximum TEL concen-
traLion in motor vehicle fuels from 3.0 to 4.0 cubic centimeters
(4.23 grams of lead) per gallon. . At the request of the U.S. Surgeon
General, an Ad Hoc Committee on Tetraethyl Lead was appointed to
consider the public health aspects of thi., proposed increase. This
Committee included as one of the seven members, the Connecticut Commis-
sioner of Health as the representative of the State and Territorial
Health Officers. This Committee published its findings on August 21,
1959.17 They concluded that there would be no increased hazard in
manufacturing and distributing leaded gasoline, and that available
data did not indicate a significant increase in "the hazard to public
health from air pollution.” It was pointed out that a conclusive answer
to the question on health effects was not pcssible at that time due to
lack of data.l’

The Ad lloc Committee expressed concern about the inadequacy of
medical data on the public health aspects of atmospheric lead ccatamina-
tion. This Committee expressed regret that the health investigations
recomended by the Surgeon General's Committee in 1926 were not carried
out by the U.S. Public Health Service, thereby establishing a basel ine
for lead body burdens and human exposure, In view of this, the Commi ttee
recommended that the TEL concentration be increased cautiously over a
period of years, that the industry supply annually to the U.S. Public
Health Service the domestic consumption figures of TEL, and that the
U.S. Public Health Service and others study the levels and trends of
atmospheric lead contamination and of human body burden of lead to
assess further the public health aspects, It was stated that these
recommended studies "should be undertaken without further delay to
assure the validity of the decision and to guide future committees,
particularly since some authorities believe that the tolerable limit
of lead absorption is being approached.17

"The Committee recognized that the permissive amount of lead in
drinking water may be lowered in the near future,” and vwelcomed similar
efforts to reduce the amounts of lead in the atmosphere.l7

The U.S. Public Health Service has no legal authority to control
the concentration of lead in gasoline, and the findings of the 1959
Ad Hoc Committee.cannot be interpreted as a regulation. Industry has
voluntarily stated to the U.S. Public Health Service that it will abide
by the various Committee findings and recommendations. California and
other states had no direct part in the making of any of these decisions.
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The Committee findings have resulted in no direct action by any state.
By all indications, the industry has adhered to ~he 1926 and the 1939
recommendations to 1imit the amounts of lead antiknock compounds in
motor fuels.,
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vI. STUDIES ON ATMOSPHERIC 1EAD

The California State Department of Public Health has conducted a
nunmber of studies to determine the atmospheric concentrations of lead,
the size distribution of particles emitted from motor vehicles and in
air, and the lead content of a food crop near and away from traffic,
In addition to these studies, the Department has participated with the
U.S. Public Health Service and other agencles in conducting lead &
sampling programs, including the National Air Sampling Networkl8 and
the Survey of lead in the Atmosphere of Three Urban Communities (the
Three-City Study).>

A, Surveillance of lead in Air

During 1957, the Department measured lead concentrations in
the air at several places in the State, and eight years later measure-
ments were again made.19+20 The results are shown in Table 6.

Concentrations of lead at Mt. Hamilton were much less than
in the cities, and the highest concentrations were found in Los Angeles.,
The sampling sites were changed between the two sampling periods in
Berkeley and Los Angeles; the two sampling periods are therefore not
comparable. In addition, only one 24-hcar sample was taken every two
weeks, and differences in meteorology durine times of sampling could
account for the differences in lead concent:ation shown.

B. lead Content and Size of Particles

Particles of more than 5 microns equivalent diameter settle
rapidly and do not constitute a large part of airborne particulates in
urban atmospheres. Those of more than . wicrons equivalent diameter are
to a large extent trapped out in the nasal and throat passages. Parti-
cles of sizes less than 2 microns equivalent diameter are of the most
concern because they can reach the lower resplratory passages.™®

In 1962, the Department determined the size of particles in
exhaust emissions under cruise conditions from three popul ar makes of
cars.2l It was found that from 62 to 80 percent by weight of the
particles were smailer than 2 microns equivalent diameter. Of these
fine particles, more than 68 percent were smaller than 0.3 microns.
The fine particles contained about 40 percent of lead by weight.

In 1960, a study in Berkeley, California showed the total
atmospheric content of 1norgagic lead to be distributed among particles
by size as shown in Table 7.2 It was found that 50 to 80 percent of

the atmospheric lead was contained in particles of less than 1 micron
equivalent diameter. A study in downtown Los Angeles fcund 90 percent
of the atmospheric lead to be in particles smaller than 1.6 microns

" equivalent diameter.




The typical mass medien egw.v/.:i.n. <iaueter of airborne
lead particles in urban aitmospieies Lou. .. uicrons, with 25
percent smaller than 0.1 micron and it 7% percent greater than
0.5 microns,23,5 These datazon sis distri utior and lead content
of particles in the atmospherc cuid oo ltf.eu ‘r<. motor vehicles again
indicated the importance of mocor ve-i:zles us a source of atmospheric
lead and that the lead is ‘n particic. -J “ices saich are respirable,
much of which will b2 retaived in th: . .ov-

C. lead in Some Fooc.

Whether lead emissione erv’d <. ntawina food or forage
Crops grown near freeways or rozus .. _.:mtizaied by the Department
during April and May of 1965.24 3..31.: o nead leictuce, and of the
solls In the immediate vicinity ¢ oac" tuce samnple, were collected
in Monterey County at aisteances Jxc¢. 1...¢3 a- freeways ranging from
15 feet to two miles, Oane-half o7 “ha [. :t.o2 samples were washed,
much as a housewife would wash i .. cct, Lelur- analysis for lead.

The concentration; of ic<uC .. w. st=d end unwashed lettuce are
shown in Table 8, The data arc g“' . ~22u11i0g to whether the samples
were collected at a distanc: fruw cralfic of lass than 100 yards or
100 yards and more,.

The highest lead concentrazions were in the lettuce grown
near the roads; washing removed ¢ substantial porticn of the lead,
showing that much of the lead was dejosited ujon the surface of the
lettuce, The lead concentration in vegetation can be influenced by the
amount and solubility of lead in scils. In this study no clear cut
relationship was found between lead concantracions in the lettuce and
in the corresponding soil samples. Thi: malght have been because the
effect of lead in soil was cbscured b the nore pronounced effect of
the lead from traffic,24

Almost no data are avaiiabiv i che lead in food or beverages
consumed in California. The diet s cemposed of a variety of individ-
ual food items, no cne (or group) of which is either a large or constant
source of lead ingestion, Foods from different locations differ in lead
content, lead content may aiso vary over time; one of the reports pre-
sented at the recent _U,S. Publiic Health Service Symposium on Environmental
Lead Cantaminatlona's'zs suggested that the lead levels in milk may be
higher than 20 or 30 years ago.4 Tne lead contents of some food and
beverages are shown in Tabi= 9.

Since World War II, the increised use of stainless steel,
aluminum, and teflon have reduced the lead in foods acquired from contact
with lead-bearing metals., Solder in tin caos rﬁmains as a point of lead
contact, but the lead upteke :s small wnd is less rYor lacquered cans
than for unlacquered cans. Tnh: inciea:. ia i;ac of ~-» ~4 vegetables
over uncanned vegetables h&s becn rejor ed as ili.gram per
kilogram for string beans, 0.0¢ for touccovs, oind 0,09 fer peas.“
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U.S5. Purtic Liealth Service Drinking Water Standards limit
ital o medania of UGS milligram per liter.”%»27 The Department
of Water Resources has determined lead in samples from ground water
in Los Angeles County since 1955, Approximately 40 different wells
have uLeon sampled yearly. The lead concentration has generally been
low. For 1965 and 1966, the concentration of lead averaged about
0.003 milligram per liter and the maximum was 0.017 milligram per
liter.28

Samples of drinking water from reservoirs and treatment plants
in Souttern California and in the San Francisco Bay Area were recently
analyzed for lead, Eleven locations were sampled in the San Francisco
Bay Area and 16 in the Los Angeles Area. Only two had as much as
0.01 milligram of lead per liter; both were at the Silve - Lake Reservoir
{inlet - 0,016, outlet - (.010) of the Los Angeles Deparimentv of Water
and Power,29

Sources 0f lead contamination of water include .ont:ct with
soils contalning lead, the discharge of industrial wastes int¢ streams
and rivers, the settling of airborne particles on water surfaces and
lead in water supply piping. It has been estimated that for each gallon
of gasoline burned in an outboard motor, 0.53 grams of lead gets into
the water, and that in 1963, 450 tons of lead in water supplies were
from this source.4 In a study made at Seattle, Washington, it was
calculated from dustfall data that the lead content in a reservoir
was increased by 0.038 milligram per thousand liters from dustfall in
one month.27 A study in Cincinnati involved the collection of rain water
at two elevations adjacent to a very busy main traffic artery; the
highest lead concentration noted was 0.49 milligram per liter, with five
out otatwelve observations showing lead In excess of 0,10 milligram per
liter,

E. The Three-City Study

Over a 12-month period in 1961 and 1962, a group of investi-
gators representing governmen:al agencles, private industry, and univer-
sitles conducted a study of the levels of atmospheric lead and of the
blood and urine lead levels of people in Cincinnatl, Los Angeles, and
Philadelphia. The detalls of the program and the results obtained were
presented in a report, Survey of Lead in the Atmosphere of Three Urban
Communities, by the U.S. Public Health Service in January, 1965.5 The
biological findings of this study are included in Section VII, the
environmental findings are summarized below.

1. Distribution of Atmospheric Lead

During the 12-month period of June 1961 through May
1962, sawples were collected contlnuously over periods of 24, 48, or
72 hours at eight sites in Los Angeles., The average lead concentrations
and the location of the eight sites are shown in Table 10.




These data show trat atiiospheric lead is widely distri-
buted throughout the Los Angeles metropolitan area, and that the average
lead concentrations «rc similar at thany sites. The two-fold variation
in the annual mean (1.5 vs. 3.0 microgreams per cubic meter) at two
different stations may be due to differences in traffic density, average
vehicle speeus in the proximity of the stations, and/or meteorological
conditions. Westwood, which had the lowest average, is the site nearest
the ocean and benefits from prevailing sca breezes.

Los Angeles had tlie ni,hest averase lead concentrations
of the three cities as shown in Tabl. i1l.

All atmospheric lead concentrations in this report are
for the inorganic lead in particulate natter. Organic (alkyl) lead
vapors are highly toxic and rapidly atsorted by the body. The Three-
City Study and a study of lecad emissions frcm compact cars indicated
that less than ten percent of the l@ad .n the atmosphere may be organic.30
However, very little is known of the leveis of organic lead compounds
in the atmosphere or emitted from motor vehicles; much of the data from
these studies was inconsistent, pointing to the need Zor improved
sampling and analytic methods.

2. Seasonal Variation

The concentration of lead in the atmosphere depends on
meteorological conditions as well as on the amounts of pollutants emitted,
During the 12-month period from June, 1961, through May, 1962, the
average lead concentration mea.ured by the 5tate Department of Public
Health at the eight stations in Los Angeles ranged from a low of 1.7
micrograms per cubic meter for the month of June to a high of 3.9 for
the month of December.” The higher lead concentrations are associated
with meteorological conditions that greatly restrict the dispersal of
pollutants. These conditions frequently occur during winter months when
the highest concentrations of carbon monoxide are also found.

3. lead Concentrations Near freevays

The highest concentcations of lead would be expected on
freeways when both traffic density and average vehicle speeds are high.
During the Three-City Study, samples ware obtained in Cincinnati and
in Los Angeles by mecans of moblle samplers to determine atmospheric
levels in or near heavy traffic streams. On .he average, the mean con-
centrations in Los Angeles traific were about twice as high as in
Cincinnati traffic.

Concentrations of lead on the shioulder or along freeways
in Los Angeles for samples taken during che dayligat hours and during
rush periods averaged about 25 micrograms per cublc meter. The highest
concentration found for a single sample In heavy trefflc was 71.3
micrograms per cublic meter. The averd .. concentra. iz ..iong the freeways
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were ten times the average measured at the eight sites shown in
Table 10, but the: latter were for 24-hour periods or longer, which
included times of low traffic density.

In Los Angeles downtown traffic, the average concen-
tration was 15, and the maximum value was 29.9 micrograms per cubic
meter, In downtown Pasadena traffic the d4verage concentration was
about 12 and the maximum value was 14.6 micrograms per cubic meter.

4, Dally Variation of Lead at Sanpling Sites

Since motor vehicles are the principal source of atmos-
pheric lead, the highest lead conceatratiorns would be expected during
or shortly after peak traffic conditions. Samples collected over
four-hour periods show that the peak lead concentrations occurred
in the morning from 7:00 to 11:00 &,m. asd in the evening from 7:00
to 11:00 p.m. The mean morning pezks wer: 20 percent greater than
the average, while the aftermocn peaks were ten percent greater.

The bimodal pattern reflects the variations of both motor vehicle
traffic and meteorological conditions. Concentrations of other pollu-
tants from motor vehicles such as carbon monoxiue and the oxides of
nitrogen also have a bimodal patterr in which a peak is reached during
the morning hours and again during the late afternoon or evening hours.
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VII. HEALTH EFFECTS OF ATMOSPHERIC LEAD IN CALIFORNIA

A. Introduction

Inorganic lead is thoroughly implicated as a causative agent
in decreased hemoglobin synthesis, liver and kidney damage, mental
retardation in children and in abnormalities of fertility and preg-
nancy.31o32o4 In adults the data supporting the implications are
mostly from occupational exposure. Alkyl lead, on the other hand,
mainly affects the nervous system although various organs are also
injured. Clinical observations are often used in denoting the effects
of undue lead exposure and it is against the onset of clinical pathology
in occupational exposure.situations that blood and urine levels of
inorganic lead have been established in setting presumed "normal™ values.

There is evidence that exposure to moderately low lead levels
may produce abnormalities in the synthesis of porphyrins (substances
necessary for the production of hemoglobin and other compounds in the
human body). With moderately high occupational exposures, a consid-
erable increase in delta-aminolevulinic acid (a substance from which
porphyrins are formed by the body) in blood and urine can be detected
prior to other clinical or blochemical symptoms.33 With a loss in
capacity of reticulocytes (young red blood cells) to synthesize
porphyrins, hemoglobin concentration is altered (thus, perhaps, the
transport of -oxygen and carbon dioxide). Survival time of red blood
cells is also lessened.3%»35 Some decrease in other porphyrin struc-
tures, cytochromes, myoglobin, peroxidase and catalase may be expected.
The most specific, but not the only, site of damage by lead in porphyrin
biosynthesis is the inhibition of aminolevulinic acid dehydrase (an
enzyme essential to the body's production of aminolevulinic acid).
Increases in blood and urine levels of aminolevulinic acid immediately
reflect this inhibition while blood and urine lcad levels may remain
unchanged even as accumulation in organs and oones take place, Indeed,
in rats treated with alkyl lead, organ lesions have been shown to occur
when other indications of intoxication were not present.36

Lead is absorbed rapidly by bone and apparently is released
at a slow rate over extended periods of time. Lead workers removed
several years from exposure still have shown high levels of porphyrins
in their blood.37 Presumably, sufficient lead was released slowly from
accumulated reserves to interfere with porphyrin metalbolism.

Bacterial endotoxins proved fatal to 100 percent of infected
rats which had previously been treated with lead.38 Normally, the rats
are not very susceptible to these bacterial strains. Rats also exhibit
shortened 1ife spans after lead intoxication,

Adults who have less than 0.08 milligram of lead per 100
grams of blood, and urine lead less than 0.15 milligram per liter, are
considered to be within ™normal” 1imits.23 They ordinarily do not show
clinical lead intoxication (even though blood and urine aminolevulinic
acid levels may be high). There is considerable individual variation,
however,
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Children are much more susceptible to lead intoxication than
adults. Encephaiopathy and mental deterioration in lead-poisoned children
have been well documented, One study disclosed that 200 normal chil-
dren had blood lead levels of 0,014 to 0.030 milligcram per 100 grams
while 100 mentally defective children showed 0.04 to 0.08 per 100 grams
of blood.39 Aminolevulinic acid levels in the blood of these latter
children were also high. It has been stated that an upper limit for
blood lead in children should be 0.04 milligram per 100 grams, This
figure already borders on the lower value found in affected children,
though general population studles of children have not been done.

The available data indicate that plood or urine lead levels
alone are not adequate criteria upon which to base judgments of health
effects in adults, and certainly not for children. However, blood lead
level generally parallels the total "body burden" and may be regarded
as an indicator of total storage. Most studies of comparative environ-
mental exposure have used blood lead level as an index of total exposure
or relative hazard.

B. Absorption, Transport, Storage and Excretion of Lead

1. Body Burdens of Lead

By body burden of a pollutant is meant the amount in the

organs, hard tissues, and in blood, plasma and other fluids of the body
of a substance which either produces or is capable of producing damage
or significant interference with functions of the body or of the respec-
tive organ or tissue.AO Alr pollution is not the only source of the
body burden of a pollutant. Some of the pollutants occur naturally -
that 1s, they are contalned in uncontaminated food, water or air.

The body. burden concept was used by the Department to
establish the air quality standard for carbon monoxide. In this case,
the exposure to community air pollution was allotted an approximate
50 percent of the defined tolerabla level of 10 percent carboxyhemo-
globin, Thus, the ailr quality standard was based on such a level of
carbon monoxide &s would produce a body burden of five percent
carboxyhemoglobin.4l A similar approach has been suggested for lead in
a footnote to the Department's ambient air quality standards,

Work has been under way to set ailr quality standards for
lead based on its body burden. The time scale for uptake and excretion
is much longer than that for carbon monoxide, but the fundamental
concepts are very similar.

The baslic principle for evaluation of lead exposures
is that public health policies should be directed toward preventing
increases in the body burden of lead since the health hazard increases
with increased stored lead. As Kehoe states,
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"It is evident that the only certain provision for
human safety, with respect to continuous exposure to
lead, lies in che avoidance of a persistent level of
alimentary and respiratory dosage that will result in
a measureable accumulation of lead in the bodles of
exposed persons in the course of a life time,"42

The balance studies at the Kettering Laboratory, using
oin orally administered and airborne lead, have been interpreted as
indicating that storage did not continually increase when exposures
and rates resembling those of the industrial threshold limits were
continuous. Nevertheless, the evidence suggests that when there is
increased respiratory exposure over sufficiently long periods there is
in.reased lead storage. Since the amount of lead stored is estimated
from data on lead concentrations in various tissues, it is not a prac-
tical index. Blood lead levels are often used for an approximate guide
to the amount of lead stored.

Other criteria of possibly important exposure ars the
conditior. of red blood cells and factors relating to hemoglobin and
porphyrin metalbolism. Alterations in these could ref lect nutritional
or other factors and it may be difficult to attribute differences in
time or area solely to variations in atmospheric lead levels.

2, Routes of Absorption for lead

Organic forms of lead, such as tetraethyl lead and
(etramethyl lead, may be absorbed through the skin.%»25 Such routes
of absorption‘'are infrequent in occurrence and probably of no relevance
to community air pollution jcoblems. The largest amounts of lead are
absorbed through the respiratory tract and the gastro-intestinal tract.
In the case of the gastro-intestinal tract, lead which is swallowed is
largely excreted in the feces and only between five and ten percent
of the swallowed lead is likely to be absorbed and interact with the
body's metabolism. The proportion absorbed depends on the form of
lead and on other substances present, as well as on the solubility of
t.e particular compound.4o25

Inhalation of sufficiently smal! lead particles leads
to their deposition in the deeper spaces of the lung from which they
may be gradually absorbed. Larger paiticles, if they are insoluble,
are likely to be trapped in the mucus layer of the rospiratory tract
and ultimately swallowed; hence, their fractional absorption is as
though they had be2en ingested by mouth. Most lead compounds of
importance in air pollution are relatively insoluble. When particles
small enougi to be deposited deep in the lung are inhaled, a fraction
of them are expired and, hence, are not absorbed. Of those which are
retained in' the lung (between 25 and 50 percent of the total inhaled)
most are absorbed sooner or later.4 Hence, particles of small size
are likely to be absorbed into the body at a rate that is five to ten
times greater than larger particles that are inhaled or than lead which
is ingested with food. Thus, in comparing the multiple sources of lead,
particle size is important.
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It is generally felt “hat the average diet in the
United States contains about 300 mic.ograms per day of lead (that
is, 0.3 milligram).a If one-tenth of this were absorbed, this
would lead to a dietary ingestion into the metabolic pool of
approximately 30 micrograms a day. This is also the approximate
amount found in the urine. In balance studies carried out at the
Kettering laboratory, it was found that over a period of many months
the excretion of lead exceeded the ingestion even when the levels
of blood lead and presumably of body burden had not altered.2> From
this it was deduced that the excess must have been based on absorp-
tion from inhaled air. However, measurements of the amount of lead
in inhaled air concurrent with these experiments were not reported,
It has been estimated that the absorption from inhalation was appro-
imately °C micrograms per day. This figure might have resulted if
there had been 2 micrograms per cubic meter of ambient air, 50 percent
absorption, and 20 cubic meters of respiration per day, but these
figures all seem slightly higher than would have been expected, There
may have been a contribution from cigarette smoking.

Gusev repoirts investigations of children from five to
seven years of age who were In a nursery for eight hours a day in the
vicinity of lead smelter and cable plants in the Soviet Union.43
They were exposed to approximately 1 microgram per cubic meter of
average lead concentration and had an apparently significant increase
in coproporphyrin excretion (8.2 microgi ms per eight hours compared
to 6.5 micrograms per eight hours for children exposed to less than
0.01 microgram per cubic meter of average lead concentratior)., A
similar group of children in a nursery near a pewter factory were
exposed to approximately 2.5 micrograms of lead per cubic meter; they
had an average .coproporphyrin excretion of approximately 10.5 micro-
grams per eight hours. Of course, the children might have had exposure
to lead other than by inhalation; for example, to-lead paint or to
vegetables grown in the vicinity or there may have been other exposures
or conditions leading to porphyria; nevertheless, this finding has
raised questions whick deserve to be investigated in other locations.
The report has also been influential in setting air quality criteria
in the Soviet Union.

3. Llead Absorption from Cigarette Smoking

In the study of occupational exposure co lead no atten-
tion was paid until recently to the possibility that cigarette smoking
was important. Cogbill and Hobbs in 1957 reported a systematic study
of the amount of lead (and other metals) in cigarette tobacco and the
fractional transfer of lead to the smoke inhaled by the smoker.44 At
the time the Department set its Air Quality Standards in 1959 there
were no systematic data on the consequences of lead being present,
Since that time, studies, particul.:ly the Three-City Study, have
documented the importance of cigarette smoking as a factor in pro-
ducing differences in blood lead levels,

N\
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Cogbill and Hobbs sugg=sted that the lead in cigarectt
smoking represents the transfer into leaf tobacco of lead arsenate
spray residues in soils. These sprays had been used for many years ~
but are no longer used on tobacco. The increased absorption of leac
also strongly suggests an increase in the absorption of arsenic s n:.
Cogbill and Hobbs showed that the lead-arsenic ratios were what would
be expected if lead arsenate was in fact the source of the lead. Thc -
has been a downward trend in arsenic content in cigarettes and cigarcttc
smoke. Accordingly, the lead content should also drop or has alrcady
done s0.47+46547 Tt would also follow from these considerations that
younger cigarette smokers should be less likely to show differences
than older smokers. The smaller differences between women smokers
and nonsmokers as compared with the differences between men smokers
and nonsmokers might be explained by the fact that on the average tue
women smokers started the habit more recently.

On the basis of the available estimates, it would seem
that the absorption from inhalation of cigarette smoke is of the magni-
tude of 0.5 microgram per cigarette; thus, a heavy cigarette smoker
might have an absorption of ten or more micrograms. It is likely that
some of the 20 mic.-ograms excess referred to above in the Kettering
Laboratory balance studies represents absorption from cigarettes. But
the differences between cligarette smokers and nonsmokers are small.

While cigarette and pipe or cigar tobacco may all contain
lead, the absorption from thuse latter forms of smoking is likely to
be less because the cigar and pipe smokers are not likely to inhale.

4, Transport, Storage and Excretion of lead

The largest proportion. of lead in the human body is
stored in bones.%»23 Even lead compounds which are relatively insoluble
can be presumed to be in equilibrium with the body fluids though the
period of time required for equilibrium to develop with a fixed intake
may be fairly long. It is known that lead may be absorbed and act
upon the surface of the red cell; lead may be found both in plasma
and in red cells as they are normally collected with much the greater
portion carried by the red blood ce11s.25 The form in which lead is
carried in the body is not entirely understood but presumably it com-
petes for sites normally occupied by calcium and other bivalent lons.
When changes of lead exposure occur over a relative.y short period of
time, they are likely to be reflected in changes in urinary lead,%»25
Over longer periods of time the storage of lead in the body tends to ~
be reflected in blood lead; these considerations, however, apply only '
to inorganic lead. Organic lead is readily absorbed by the skin, has
its characteristic toxicity on the nervous system, »nd does not tend
to be reflected in blood lead but is reflected in urine lead levels.
Accordingly, highly variable and/or organic lead exposure might be
expected to show themselves in increased urinary lead earlier than in
blood lead level,
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Because of these considerations and because of the ~
general association, it is assumed that blood lead reflects body
storage. Over long periods of time (years to decades), if the
exposure is continuous at a given level, there does not seem to be
a steady increase in blood lead; rather, in healthy individuals
studied, it has seemed as though the body slowly increases its
capacity to excrete the excess to which it is exposed.4»23 Never-
theless, the body storage of lead tends to reflect the amount to
which exposure has occurred in a general way and the blood lead is
generally accepted as a crude reflection of this.

There is some disagreement on the question of whether
the storage of lead in adults increases with age. Some studies have
indicated that it does, but in other studies the evidence did not
favor increased body lead with age.48,49,50,51

Where the exposure is predominantly respiratory and
in small particle sizes, a larger fraction of the body storage may
occur in the lungs from which absorption may continue to occur than
in the case of larger particle sizes or with oral ingestion. Accord-
ingly, it would be importart to obtain systematic data on lung lead
levels in Los Angeles,

Excretion of absorbed lead is primarily via the urine!
Values for urinary lead of 0.01 to 0.08 milligram of lead per liter
are considered normal, with a total excretion of about 0.03 milligram
per day.4,25 This is approximately the amount of lead estimated to
be absorbed from the average diet in the United States.® Some lead
is also excreted in the bile but most of this is probably reabsorbed. 23
The concentration of lead in sweat is thought to approximate that in
the urine,?25

5. Lead in Human Tissues

A number of studies of lead in human tissues have been
made, %ncluding two studies which were financed in part by the Depart-
ment, 1y

Studies utilizing human tissue gathered under a variety
of environmental conditions have shown substantial d’“ferences among
tissues in their lead burden. Unfortunately, different studies have
used different tissues and have used different bases for reporting
results, so that direct comparisons are hard to make. Nevertheless,
these studies do show reasonable agreement and permit a few general
conclusions.

a, Lead is not distributed evenly throughout the
tissues. The aortic arch, liver, and kidney carry
much higher concentrations of lead than other soft
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tissues while the brain, heart, and muscles

carry somew!l 3t less. Long bones carry a sub-
S stantially giz2ater burden than flat bones. The
concentration in the liver may be ten times
that in muscles and may approach that in flat
hones.ls’ Lo

b. Blood lead is often taken as an indicator of
total body burden, but repeated samples from the
same individuals may show substantial shifts
ovcr a period when it does not seem likely that
total body burdem has undergone much change.25v56

c. Most studies have shown differences by sex, with
males carrying substantially greater burdens,s29,°1

d. Even very young infants carry substantial body
burdens of lead. The total increases with age,
rcaching a maximum at about the fifth or sixth
decade for most tissues. However, the total is
near its maximum by twenty years of age.49,50,53

e. Geographic differences exist. Higher levels are
generally observed in urban areas, particularly
if industrialized. The lowest levels are generally
reported from rural, underdeveloped areas. Several
studies have reported lower values from areas with
higher altitudes, but this may be because of the
assocliation of urbanization with altitude.

Relatively low values have been reported from
Mexico, Peru, Central Africa and mountaln areas
in California; high values have been reported from
New York City, Los Angeles, Cincinnati, Hong Kong,
and Cairo, with values for Switzerland inter-
mediate.5o25o50o53o55

Some representative findings are shown in Table 12.

In a study of adult autopsies in Los Angeles, male
>mokers were found to have higher concentrations of lead in bone and
lung tissue than male nonsmokers and females (Table 13); no _relation
was observed for age or length of residence in los Angeles. 1
another study in lLos Angeles of adult blood donors and hospital
patients and employees, age, sex, auto driving, and length of res-
idence had no apparent effect upon mean serum valucs for lead. 2

Analyses are usually performed on 5 to 20 grams of
tissue or whole blood or on 100 milliliters of urine.37 The analytic
error rarely exceeds 0.001 milligram, but when results are expressed
in milligrams per 100 grams of tissue or whole blood this analytic
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error may be of the order of one-third the observed value.25'57 For
this reason (and because contaimation of samples may occur despite

all precautions) the reported values are often the average of dupli-
cate analyses,

Repeated samples of urine from the same individuals
taken over a span of a few hours may vary widely in lead concentra-
‘tion while the concentrations in samples of blood taken at the same
times remain relatively constant,25 However, samples of blood taken
from the same individuals after a lapse of several weeks or months
may show substantial shifts well beyond the variability expected
from analytic error and when it does not seem likely that total body
burden has undergone much change. (Table 14)

This indicates that blood lead reflects varying
physiological states, which include not only body burden and exposure
to lead but also other factors, about which little or nothing is
known. It is for this reason that blood lead cannot be depended upon
as a reliable indicator of body burden for an individual, although
it may be suitable for such use in population studies where individual
variations may be expected to averag> out.

Most reports of tissue lead are based on a very few
samples drawn from easily available sources; for example, autopsy
material from teaching hospitals. These sources are indicative of
"normal” ranges but cannot be regarded as necessarily representative
of the populations of thesv areas, '

Current analytic methods require substantial quantities
of tissue, so autopsy material must continue to be the major source.
As long as this remains true, it will be impossible to obtain samples
. which are unquestionably representative of a 1iving population,

However, it should be possible to obtain random samples from routine
autopsies with enough additional information to make better inferences
about the living populations from which they came.

Such studies are urgently needed to answer questions
concerning the relationship between body burden and such variables as
water quality, exposure to atmospheric pollution, socio-economic
status, and smoking habits.

C. lLead Exposure As a Public Health Problem

1., Hazards to the Population

In high doses, unlikely to be associated with community
uir pollution, nerve palsies and gastro-intestinal symptoms occur, %,31,32

With lower doses a low-grade anemia may occur, and possibly some
impairment of fertility.4 Associated with the anemia is interference
with red blood cell metabolism and increased excretion of Type 3




-27-

P

coproporphyrin and delta-aminolevulinic acid.33,37 The biochemical
pathway is shown in Appendix A, Increased excretion of these sub-
stances occurs at blood lead levels substantially below those at
which anemias or other symptoms are usually observed; this indicates
that some alteration of the metabolism must be occurring at these
lower levels even though nothing of provable medical importance has
occurred. The public health significance of this is unknown.

Most statements concerning the innocuousness of blood
or urine lead levels below stipulated points make no mention of the
possibility that there may be sensitive individuals in occupationally
exposed populations.? It should be assumed that there are, since
congenital disorders of porphyrin metabolism are well known. Also,
small children seem to have increased sensitivity, Blood and urine
specimens of persons with chronic respiratory, kidney, and liver
diseases in the Three-City Study (only two of the three cities had
collections made) did now show any unusually high values of lead in
blood or urine. The question of whether the observed levels are
a greater health hazard to individuals with chronic disease is an
important and as yet unanswered question,

Among lead workers, Lane has shown increased pro-
_bability of death due to vascular disease,>8 However, the relevant
exposures occurred during periods in which adequate industrial con-
trols of lead exposures were not in existence and Lane does not feel
that the presently permitted industrial exposure levels are likely

to produce exces - mortality, Studies in the U,S.S.R. have suggested
that lead may be associated with the development of atherosclerosis.>?
Effects of high level exposures on chronic kidney diseases and on
kidney function are well documented,

While these considerations are important as possible
long-term effects of continuous lead exposure on the public health,
there have not been any cases of characteristic lead toxicity
reported in the literature which could reasonably be ascribed to
community air pollution.

2, Evidence Derived from Occupational Exposures

In the report of the American Conference for Govern-
mental Industrial Hygienists entitled "Threshold Limit Values for
1966" is found the following statement:

"These 1imits are intended for use in the field of
industrial hygiene and should be interpreted and applied
only by persons trained in this field. They are not
intended for use, or for modification for use (1) as a
relative index of toxicity by making a ratio of two units,
(2) in the evaluation or control of commual.y air pollu-
tion or air pollution nuisances, (3) in estimating the toxic
potential of continuous uminterrupted exposures, (4)
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as proof or disproof of an existing disease or physical
condition, or (5) adoption by countries whose working
conditions differ from those in the United States. "0

Nevertheless, it is the collected experience in
industrial hygiene which provides the perspective for the evaluation
of lead hazards. The detection of early reactions has provided a
great deal of information of benefit in the evaluation of community
air pollution exposures. Industrial hyglenists have been primarily
concerned with the avoidance of risks of acute toxicity from lead.
It seems well established that blood lead levels between 0.07 and 0.C°
milligram per 100 grams and urinary excretion of lead between 0.10 and
0.15 milligram per liter are levels below which manifestations of lead
poisoning in employed adults are not likely; it is for this purpose that
the Threshold Limit Value for occuptational exposure to lead of 200 micro-
grams per cubic meter of air has been set, Many statements are made
concerning the application of stipulated levels to long-term toxicity.
There have in fact been very few studies of such long-term exposure
effects, as on longevity or on increasing incidence of certain chronic
conditions when exposed individuals are followed throughout their lives.

Occupational exposures are customarily for an eight-
hour working day or approximately 40 hours of the 168-hour week,
Community exposures, however, are likely to be continuous in nature
even though fluctuating in magﬁitude. Other factors are not similar;
for example, it seems very likely that the particle size of many
occupational exposures is substantially greater than the particle size
for community air pollution exposures. The effect of this is particu-
larly important since particles larger than one micron are more
likely to impinge on the portions of the respiratory tract which
are lined with mucus; this mucus is transported to the pharynx and
is likely to be swallowed. Smaller partlcles, those more common
in community air pollution, are likely to impinge on the deeper
portions of the alveoli and bronchioles from which they may be
directly absorbed. (Table 15)

In addition, the exposure of the community to organic w.
lead represents a much less well-studied problem than exposure to
inorganic lead and a much less well-studled problem than the expo-
sure to organic lead in occupational circumstances. However, com-
munity exposure to organic lead is probably only a small fraction
of the total lead exposure.

Ambient Air Quality and Motor Vehicle Exhaust reviews the nature
of lead toxicity, routes of exposure, and the bases available in
1959 for estimating the effects of additional absorpt:iun.“1 At
that time the excretion of porphyrins was felt to be a sensitive
method for use in a study of possible exposur r to lead in the
community. Since that time an additional indr %as been widely
accepted which reflect:s alterations in the sawn: .2tabolic pattern.
This is delta-aminolevulunic acid.
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Delta-aminolevulinic acid is now felt to appear
consistently and earlier in exposed workers and in experimental
animals than the evidence of increased porphyrin secretion and it
is not necessarily parallel with urinary lead levels,33,36 Eleva-
tions in concentrations of this substance are also observed under
circumstances in which the blood lead level is thought to be
within the "normal' range, that is, less than 0.08 milligram per
100 grams of blood. But lead is not the only substance which
may interfere with porphyrin metabolism or with excretion of delta-
aminolevulinic acid. There have not been, to the best of our know-
ledge, any studies made of the effects of exposures to community
air pollution on either of these substances.

.3. The Geochemical Point of View

In hearings before the Senate Subcommittee on Alr
and Water Pollution, Eighty-ninth Congress,61 and in a previous
article in the Archives of Environmental Health,62 the geochemical
point of view was expressed that the natural level of lead exposure
prior to the mining and processing of this substance was very sub-
stantially lower than the present exposure in most parts of the
world. While these data seem sound from a geochemical point of
view, they raise the difficult question of what health consequences
may be assoclated with the very wide distribution of this increased
amount of lead.

Another set of questions is related to policles for
public health protection, which could be based (a) on arbitrary
increments above the "natural" level, (b) on manifest toxic reac-
tions, or (c) on the earliest unfavorable effects on the most
sensitive group in the population. The Department in considering
ambient air quality standards has based them on the likelihood of
specif ied effects occurring among the most sensitive groups in the
State, provided the groups are definable in terms of age and medical
status, Thus widespread occurrence of increased lead exposures
which could not be shown to produce any deleterious effects would
not be reflected in the standards. However, where interference
with hemoglobin synthesis for example can be shown to result from
a body burden of lead without overt toxicity this would be relevant.

The basis for air quality standards is under periodic
review and all relevant data are considered at the time of such
review. The geochemical data will be among the sets considered at
the appropriate time. If previous policlies are again followed,
data on effects at low dosage or body burdens, will be of decisive
importance.




So far the Department has not indicated that any
specif ied levels are safe or harmless,

Finally, the standards, if any are adopted, will
reflect the multiple sources of lead exposure, and not only that
irom community air pollution.

D. Studles of Lead Burden in Population Groups

1. The Three-City Study

To establish a baseline estimate of lead body burden
in the public, the lead content of blood and urine of selected popula-
tion groups totaling 2,342 individuals was determined in the Survey
of Lead in the Atmosphere of Three Urban Communities (The Three-
City Study)js_ A soclal and medical history, including smoking habits,
was obtained from each individual. Subjects were selected who had
no known industrial lead exposure. Some groups were selected who
had opportunity for occupational lead exposure, mostly working close
to motor traffic. All subjects had lived in the survey area at least
five years., Several groups totaling 126 individuals with various
chronic diseases were selected. Data on 478 ® d*-/iduals were from
a prior (1956) study in Cincinnati and on ?- 4ividuals from
prior pilot studies in California. In ge: s the results were
as follows:

a. Men had higher blood levels than women.

b. Cigarette smokers had slightly higher blood and
urine lead levels than nonsmokers, or pipe or cigar
smokers.

Urban dwellers had higher blood and urine lead levels
than suburban dwellers. Rural dwellers had the lowest
sevels,

No relatlionship was found between blood lead level
and age, and there were no unusual findings in the
chronic disease groups. The Los Angeles data showed
no relation between blood lead and commuti-«g time.

As variables, sex, smoking habits, and exposure to
automobile exhaust seemed to be independent of each
other.

For each of the three citles considered separately,
lead levels in both blood and urine appeared to follow
the likely degree of exposure to atmospheric lead
from automobile exhaust.

A portion of the data is shown in Table 16.
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2. The Los Angeles Freeway Study

In 1966, the Department undertook a study with the
Los Angeles County Health Department to determine whether people *
living near a freeway had higher concentrations of blood lead
than people 1living at some distance from a freeway. Samples of M
blood were taken from two groups of 50 persons each. The homes of
the first group were adjacent to a heavily traveled freeway; homes
of the second group were near the coast in an area with substantially
less atmospheric lead. Table 17 shows the concentrations of lead
in the blood of the two groups as well as in some of the groups pre-
viously studied by the Department.

The average concentration of lead in the blood of
the people near the freeway was higher than that of the people
1iving near the coast, This was true for both men and women, Other
factors were also examined, including age, occupation, and smoking
habits, but no other statistically significant differences were found.
It is particularly worth noting that the blood levels of the people
near the freeway were as high as or higher than that of any other
nonoccupationally exposed group measured in California, These data
can be explained in several ways, but we believe the most likely
reason is exposure to atmospheric lead.

3, Urban-Rural Gradients

Since the largest differences observed in the recent
studies of blood lead in various populations in the country, includ-
ing California, have been between urban and rural residents, it is
possible that the differences are largely the reflection of exposure
to airborme lead, If it cculd be demonstrated that the differences
were not due to the contributions of food and water, then it could
be deduced that the increase in blood lead levels was due to atmos-
pheric lead. The determination of such differences would not
require a formidable research effort.

The low values in all studies of blood lead in Cal-
ifornia are from 0 to 0.006 milligram per 100 grams among non-
smokers. Repeated determinations on blood from the same person show
variability substantially greater than that associated with analytic
methods, which suggests some of these low values may be merely
temporary fluctuations from a higher level. (Table 14) The
average values among rural residents in Alpine County are one-half
those of the residents of urban areas and other studies have also
shown an urban-rural gradient. Data in Table 17 for populations who
1ive adjacent to freeways and on the coast show that residence near
freeways is associated with a significant increase compared with
residence near the coast. Residence near freeways is not, however,
associated with a significant increase compared with many other urban )
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groups. All groups of urban residents show higher blood lead
levels than rural residents in Alpine County. Thus, it is correct
to say that rural residents have the lowest levels, Los Angeles
coastal residents have the next lowest, with other groups higher.
These differences are small.

4, Relationship between Atmospheric Exposure and Elgod

Level

Table 18 indicates the environmental exposures
associated with blood lead levels from the data collected mostly
in the Three-City Study. In Figure 1 these data are plotted (the
logarithmic scales used are generally mare appropriate for biologic
data than arithmetic scales63,64,565) and a rogression fitted to
show an approximate dose-response relationship. Table 19 gives
expected blood lead levels for various exposures, based on this
regression,

It must be emphasized that most sets of blood lead
levels were not taken of individuals who had actually been breathing
the air samples with which they are matched. Atmospheric sampling
and measurement of blood of residents in the same area may be at
different times. There are seasonal fluctuations in exposure and
there are also substantial variations from time to time which do
not show any systematic pattern. No searonal fluctuations have
been shown for blood lead levels in community studies, though some
do appear in the Kettering experimental studies.

No data have been obtained on the response of Cal-
ifornia children and no data have been obtained which might make
it possible to compare porphyrin and delta-aminolevulinic acid
excretion or levels. In California, data on both of these are
needed. Thus, it can be concluded that the presently available
data do not indicate any levels at which classical toxicity could
be predicted, but the data are not adequate to evaluate the major
criteria relevent to possible public health consequences at atmos-
pheric lead pollution.

E. The pBasis Available for Judgment of Health Hazards from
Atmospheric lead

A reasonable interpretation of the presently available
data on blood lead levels indicate that there are distinct rural-
urban patterns, but rather less striking patterns for differences
within urban areas of the State, The urban-rural differences are
consistent with the contribution of air pollution, but in the
absence of studies of diet and water supply it is premature to
draw a cause-and-effect conclusion. In the Three-City Study,
observed differences of between 0,002 and 0,004 milligram of
lead per 100 grams of blood, which appear to be associated with
cigarette smoking, are consistent with the estimates of airborne
exposure and with the general tendency of cigarette smokers to
excrete slightly more lead in the urine,
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One must note the lack of unusually high lead values
for freeway residents. Exposures for these people may differ by
a small amount from that of those 1living in other parts of the
metropolitan areas because the concentration of lead decreases
rapidly with distance from the freeway. This is consistent with
what is known about the gradients of pollutants, such as carbon
monoxide, with comparable distances from the freeway. One must
also note the lack of high blood lead values in traffic police-
men, though in the Three-City Study there appeared to be slightly
higher urine lead to blood lead ratios in policemen in Los Angeles
£ad decidedly higher ratios in Cincinnati. This sugges®s increased
excretion of lead by these groups.

Much additional data are needed to have an adequate basis
for judgment of health hazards; in particular, this would include
measurements of lead in the diet and water supplies in rural and
urban areas, measurement of lead in tobacco smoke, and contempora-
neous measurement of lead exposures with blood and urine levels
in exposed populations using 24-hour urine specimens,

In addition, aminolevulinic acid and porphyrin concen-
trations should be determined in the blood and urine of adults and
children from exposed populations and compared with values for
healthy individuals who 1ive in relatively lead-free environments,
Correlation of these tests with blood and urine lead levels, the
survival time of red cells ‘nd decreases in red cell aminolevulinic
acid dehydrase should establish the scientific value of amino-
levulinic measurements as indicative of subclinical lead exposures.
Also, they will determine {f another pathological symptom - decreased
red cell survival time - can be shown prior to other clinical obser-
vations and high blood or urine lead levels. Data presently avail-
able do not permit an assessment of metabolic damage from lead
slowly released from reserves such as bone. With increasing envi-
ronmental contamination there is every reason to expect increasing
body burdens of lead. If so, increases in blood and urine amino-
levulinic acid levels can be used in setting environmental 1imits
on lead concentration.
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Table 1

LEAD CONSUMPTION IN THE UNITED STATES
AND CALIFORNIA, 1964

-

USE TONS

Total United States 1,155,785
Metal Products 353,952
Storage Batteries 429,898
Pigments 99,946
Chemicals 233,917
Misc, & Unclassified 38,072

Total California 108,980
Califorria, Percent
of U,S, Total . 9,437

Source: U,S, Bureau of Mines, Minerals
Year Book, v, 1, 1964,

Table 2

LEAD CGITIENT OF SOILS, DUSTS AND
PARTICULATE MATTER

%_———___

PERCENT
SOURCE LEAD

Average in earth's crust 0.0016
01d residential _soils 0.0360
New York City street
sweepings 0.2650
Airborne particles,
Philadelphia average 1.5
Alrborne particles,
Cincinnati, average 1.7
Airborne particles,
Los Angeles, Average 2.3

Source: U,S. Public Health Service,
Symposium on Environmental
Lead Ccntulnatlm, Publi.
cation No, 1440, March 1966,

U.S, Public Health Service,
Survey of lead in the Atmo-
sphere of of ‘l'hru Urban Con-
mltlu. Publication No.
999-AP-12, January 1965,
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Table 3

LEAD FURNACES AND CONTROL METHODS

LOS ANGELES COUNTY, 1966

—_— —_—
TYPE OF LEAD PROCESSED CONTROL
FURNACE NUMBER (annual tons) METHOD REMARKS
7
Total 160 816,600
Cupola 3 16,250 baghouse about 987% emission
control
Reverberatory afterburner | about 997 emission
and Sweating 13 20,950 & baghouse | control
Pot (uncontrolled) 95 672,000 el low temperature;
) emissions very low
Pot (controlled) 49 107,400 baghouse about 987 emissiun
control
Source: Jos Angeles County Air Pollution Control District,
Table 4
LEAD CONTENT OF GASOLINE IN
THREE CALIFORNIA AREAS, 1964-1965
(Grams of lead per gallon)l
TYPE AND YEAR
AREA Premium Regular
1904 | 1965 1964 | 1965
Los Angeles 2,85 | 3.00 1.93 | 2,12
San Francisco Bay 2,72 | 2,76 1.96 | 2,18
Bakorsf ield 3.25 | 3,2% 2,27 | 2,46

1 Unweighted average of all brands reported.

Source:

Derived from Ethyl Corporation data b
State of California, Department of Public

Health, Bureau of Air Sanitation
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Table 5

LEAD CONSUMPTION AND EMISSION BY
MOTOR VEHICLES IN CALIFORNIA, 1965

ﬁi —
PERCENT OF LEAD LEAD
MOTOR CO 3I™MPTION | EMISSTON
AREA VEHICLES 2 Lcons) (tons)
California, Total 100,0 21,300 16,000
Los Angeles
County 37.0 7,880 5,910
San Francisco Bay
Area Air Pollution
Control Districtl 19.8 4,220 3,170
Orange County 6.0 1,280 960
San Diego County 5.5 1,170 880
Sacramento County 3.4 725 545
San Bernardino
County 3.2 680 510
Riverside County 2.2 470 350
Remainder of
Califormia 22.9 4,875 3,675

1 Includes Alameda, Contra Costa, Marin, San Francisco,
San Mateo, and Santa Clara Counties.

~

Derived from State of California, Department of Motor
Vehicles, Sross Report.

Source: State of California, Department of Public Health,
Bureau of Air Sanitation.




Table 6

LEAD CONCENTRATIONS IN THE ATMOSPHERE
AT FOUR CALIFORNIA LOCATIONS, 1957-58 and 1965-66

LOCATION NUMBER LEAD CONCENTRATION
OF SAMPLING oF (micrograms per
AND YEAR! SAMPLES cubic meter)

Range Average

Berkeley?
1957-58 25 .02- 3,2 1.04
1965-66 2 24 .09- 1,48 A

Los Angeles .
1957-.58 26 .45-12,7 4,30
1965-66 26 .16- 4,90 | 2,88

San Diego
1957-58 27 028. 3017 1.34
1965-86 22 .51- 4,64 | 1.44

Mt, Hamilton
1957-38 24 .02- ,28 .12

1 a samples at each location were taken
at a single site, .

2 Sampling sites in Berkeley and Los Angeles
were changed between 1937-58 and 1965-66,

Source: State of California, Department of Public
Health, Bureau of Air Sanitation
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- Table 7
LEAD CONTENT OF ATMOSPHERIC PARTICLES BY SIZE
BERKELEY, 1960
PERCENT OF TOTAL
4 MEDIAN EQUIVALENT ATMOSPHERIC LEAD
. DIAMETER (microns) (by weight)
Total, all sizes 100
20 2.4
9 2-6
4 3-6
3 1-6
l.s 6-25
1 2-15
<1 50-80
Source: State of California, Department of

Public Health, Air and Industrial
Hygiene Laboratory

Table 8

LEAD CONCENTRATIONS IN WASHED AND UNWASHED LETTUCE
(Parts per million by weight)

WASHING AND NUMBER LEAD CONCENTRATION
DISTANCE FROM oF
ROAD SAMPLES Range Mean
Washed
less than 100 yds. 7 .27-1,45 ] .48
100 yds, or more 3 .04~ ,331 .12
Unwashed
1e¢ss than 100 yds, 7 .63-1,€2 ] .91
100 ,d.. or more 5 013-1015 051

State of California, Department of Public
Health, Bureau of Air Sanitation(1965)




Table 9

LEAD CONTENT OF SOME FOODS AND BEVERAGES
(Milligrams of lead per kilogram of food)

F1X0D

NUMBER OF

SAMPLES

LEAD
_ CONVENT

Cabbage
Wheat Bread
Bran Flakes

Spaghetti(prepared)

Cornstarch

Cocoa

Beef bone(iresh)
Beef iiver

Beef kidney
Beef cooked

Eggs

na
na

market (20 brands)
Western U.S.A,
smstern UcSvo
Western U.S.A,
Market

Market

.10 -
.02 -
01‘ -
.06 -
o175 -

.29 -
012 -
.003-

.003-

26
.16
.15
.21

1.83

o‘o '1105
3.60

.40
.38
.63

.12

UOSOAQ 2.5
India . .08
.01 =
13 -

Lobster
Lobster
Coffec{prepar:d) na
Beer na

.03
.29
Grape juice na .04 .40
Uine na .05 - 1,51
Mitk 17.5.A,--1936 .02 .06
Mi1k Japan---1936 .01 .06
Milk Cincinnati, recent 06 % ,017
Milk Northern and -
Eastern U.S.A.,
recent

.05 + 025

Not ;;;ilable.

U.S. Public Health Service, Symposium on Environmental

Contamination, Publication No, 440, March i533

U.S. Public Health Service, Survey of Lesad in the Atmosphere

of Three Urban Compupities, Publication No. 999-AP-12,
January 1965,

Kehoe, R,A,, "The Harben Lectures, 1960--The Metabolism of
Lead in Man in Heslth and Disease,” J. Roy. Inst, Public
Health, 1961,

Lesad
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Table 10

MEAN LEAD CONCENTRATTONS AND
SAMPLING LOCATIONS, LOS ANGELES, 1961-1962
(Micrograms per cubic meter)

SITE MEAN LEAD

STTE | CLASSIFICATTON LOCATION CONCENTRAT ION
All 2.5

1 Commercial Downtown Los Angeles 2.7

2 Commercial West Los Angeles 3.0

32 Rural Arcadia 2.8

L Residential Pasadena 2.

5 Residential Pasadena 2.1

6 Residential Westwood 1.5

7 Industrial Vernon 2.3

8 Commercial Downtown Los Angeles 2.9

a gite 3 was at the Los Angeles County Arboretum, a large sylvan park
between two heavily traveled thoroughfares, and near the Santa Anita
Racetrack.

Source: U.S, Public Health Service, Survey of lead in the Atmosphere of
Three Urban Communities, Publication No. 999-AP-12, January 1965.

Table 11

ATMOSPHERIC LEAD CONCENTRATIONS
IN THREE CITIES, JUNE 1961-MAY 1962
(Micrograms per cubic meter)

R S

—_—
CITY
DATA INTERVAL
Cincinnati | Philadelphia | Los Angeles
Number of Sites N 8 8
Annual Mean at All Sites 1.k 1.6 2.5
Maximum Monthly Mean For a
Single Site 3.1 L.k 6.l
Month of Maximum Mean,
Single Site October October Dacember
Maximum For a Single Sample 6.l 7.6 11,4

Source: U.S. Public Health Service, Survey of lead in the Atmosphere of
Three Urban Communities, Publication No, 999-AP-12, January 1965.
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Table 12
LEAD CONCENTRATIONS IN HUMAN TISSUES
(Micrograms of lead per gram of dry ash)
SOURCE
TISSUE
United Near Far
o States Africa East East
Aorta 170 76 1%0 92
Brain 5 5 23 11
Heart 5 5 21 21
Kidney 110 37 T0 8l
Liver 150 . - 60 Y 110
Lung 51 26 b7 48
Pancreas 56 17 33 k2
Skin L6 na na na
Spleen 30 22 58 b1
Testis 12 29 28 33
ne Not available
Source: Tipton, I.H., et al., "Trace Elements in

Humen Tissue," Health Physics, 1963,1965.
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Table 13

MEAN LEAD CONCENTRATIONS IN
BODY TISSUES FOR SMOKERS
AND NON-SMOKERS, IOS ANGELES

MALE FEMALE
TISSUE AND
SMOKING Number Lead Concent.mt.ionl Number Lead Concentrationl
STATUS of of
Cases Mean S.E. Cases Mean S.L.

Calvarium

Smoker 23 %! - 5 15 63 5

Nonsmoker 9 - 59 L 23 58 L
Rib

Smoker 2y 84 5 15 59 L

Nonsmoker 9 66 f 23 63 L
Lung .

Smoker o4 0.423 | 0.052 15 0.238 | 0.030

Nonsmoker 8 0.241 | 0,049 21 0.2u4 | 0,030

S.E. Standard error T

S
1  Calvarium and Rib: Micrograme of lead per gram of dry ash.

Lung: Milligrams of lead per 100 grams of dry tissue.

Source: Nusbaum, K.E., et al.: "Relation of Air Pollutants to Trace
Metals in Bone," Arch. Env. Heslth, 10:227-232 (1965).




Table 14

BLOOD LEAD LEVELS ON TEST AND RETEST FOR
PERSONS IN PASADENA FOLLOW-UP STUDY
LOS ANGELES LEAD FIELD STUDY, 1961

(Micgograms of lead per 100 grams of blood)

FEMALE

1961 1962

Change

June

1961

March
1962

> 33
23 19

+28
-4

19 12 -7 37 17 =20
0 26 +26 0 b + 4
37 17 -20 8 9 +1
20 9 -1 26 17 <9
19 20 +1 5 12 + 7

38 15 -23 12 30 +18
13 12 -1 L 14 0
22 18 -4 18 21 +3
19 T -12 12 11 -1
25 3 +9 2 24 +22

o] 33 +33 L} 24 +10
9 (o] -9 0 9 +9
36 0 -36 14 5 -9
0 0 0 0 10 +10
21 13 -8

Source: State of California, Department of Public
Health, Pureau of Chronic Diseases.




Table 15

SOME CHARACTERISTICS OF ATMOSPHERIC PARTICLES BY SIZE

EQUIVALENT DIAMETER
OF PARTICLES
(Microns) REMARKS

> 5. Settle rapidly; not a large part of
airborne lead.

> 2. Trapped out high in respiratory tree;
cleansed out normally and expectorat-
ed or swallowed

=< 0.6 Reach the alveoli, past normal cleansing
defenses of respiratory. system.

< 0.45 60% of Los Angeles atmospheric lead.
< 0.90 75% of Los Angeles atmospheric lead.

< 1.60 90% of Los Angeles atmospheric lead.

Source: U.S. Public Health Service, Symposium on Envirormental Lead
Contamination, Publication No. , March 1960.
U.S. Public Health Service, S of Lead in The Atmosphere
=Pl

of Three Urban Communities, cation No. 999-A P -12

January 1965.
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Table 16
MEAN CONCENTRATION OF LEAD IN
BLOOD AND URINE OF SELECTED POPULATIONS ——m
FEMALE MALE
POPULATION Blood lLead Blood lead Urine Lead
(milligrams (milligrams (milligrams
S per 100 grams) per 100 grams) per liter)
Alpine County, Calif. (rural) 0.009 0.012 na
Philadelphia
Suburban 0.013 0.013 0.020
Commuters 0.015 0.019 0.028
Downtown 0.018 0.024 0.030
Police na 0.026 0.033
Oakland
Non-smokers 0.015 0.019 na
Cigarette Smokers 0.023 0.029 na
Other Smokers na 0.023 na
Los Angeles
Alrcraft Workers
Non-smokers 0.014 0.018 0.013
Cigarette Smokers 0.019 0.022 0.015
Other Smokers na 0.017 0.015
Police
Non-smokers na 0.020 0.020
Cigarette Smokers na 0,022 0,022
Other Smokers na 0.016 0.017
Motorcycle na 0.020 0.019
Parking and Intersection na 0.022 0.022
Pasadena, City Employees
Non-smokers 0.012 0.018 0,012
Cigarette Smokers 0.012 0.020 0.020
Other Smokers na 0.021 0,026
Cincinnati,
All Police na 0,025 0.038
Service Station Attendants
(1956) na 0.028 0,027
Traffic Police ) na 0.030 0.039
Traffic Police (1956) na 0.031 0.023
Car Drivers na 0.031 0.036
Car Drivers (1956) na 0.033 0.020
Parking Lot
Attendants (1956) na 0.034 0.028
Garage Mechanics (1956) na 0.038 0.040

na Not available; not applicable,

Source: U,S, Public Health Service, Survey of lead in the Atmosphere of Three
Urban Communities, Publication No. 999-AP- 12 January 1965.




COMPARISON OF MEAN BLOOD LEAD FOUND IN LOS ANGELES FREEWAY STUDY WITH
MEAN BLOOD LEAD FOUND IN THREE CALIFORNIA COUNTIES
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Table 17

POPULATION SURVEYED

NUMBER

BLOOD LEAD

(micrograms/100 g)

1

PROBABILITY OF DIFFERENCE

IN

SURVEY Standard | Residence Near|Residence Not
Mean | Deviation Freewvay Near Freeway
MALE
Los Angeles Freeway Study (1966)
Near freeway 15 22.7 5.6 - <. 006
Not near freeway 20 16.0 8.4 <006 --
Los Angeles County (1961)
Pasadena city employees 88 19 11 <06 nss
Aircraft employees 291 19 10 <03 nss
Traffic policemen 155 21 6 nse <02
Alameda County (1960)
Oakland and vieinity
residents 81 21 8 nss <02
Alpine County (1960) ¥
Rural residents 16 12 na na na
FEMALE
Los Angeles Freeway Study (1966) i
Near freeway 35 16.7 7.0 - i <. 00006
Not near freeway 30 9.9 k.9 < 00006 | -
Los Angeles County (1961)
Pasadena city employees 52 12 9 <.007 ass
Alrcraft employees 87 17 9 nss <.00006
Alameda County (1960)
Oakland and vieinity i
residents 93 17 8 nss <.00006
Alpine County (1960)
1 9 na na na

Rural residents

1

Statistical Significance of Difference between sex-residence-specific mean

blood lead of the Los Angeles Freeway study and mean blood lead of previously

surveyed population shown on same line.

na Kot available.

nss Difference between means is not statistically significant (p=>.l1). ,
re of Three Urban AN

Source: U.S. Public Health Service,

of Lead in the A
Communities, Publication No. 999-AP-12, January 1l

State of California, Department of Public Health, Air and Industrial Hygiene
Laboratory.




Table 18

BLOOD LEAD LEVELS AND ESTIMATED AMBIENT AIR AND OCCUPATIONAL
EXPOSURES OF SELECTED POPULATIONS

ESTIMATED EXPOSURE MEAN BLOCD LEAD
(micrograms /m3) (micrograms/100 ¢)

TYPE OF POPULATION
Occupational | Ambient Avera.gel' Male | Female

Populations Without Known
Occupational Exposures

Remote California mountain
residents 0,12
Composite rural U.S. 0.5 16 10
Suburban Philadelphia 1.0 13 13
Composite urban U.S. 1.0 21 16
LeA. Aircraft workers 1.9 1y 17
Pasadena City employees 2.2 19 1r
Downtown Philadelphia 2.4 2k 18

Populations With Known
Occupational Exposures

Cincinnati policemen (all) L,7 1.4 2.2 25
Cincinnati traffic policemen 12,8 1.k 3.8 30
Cincinnati auto test lane

inspectors 14 R 1.k L,2 31
LeA. traffic policemen 16.5 2,2 542 21
Cincinnati garage workers 2l.1 1.k 545 31
Boston Sumer tunnel

employees Lk ,s 1.1 6.3 30

1 For populations with known occupational exposures, the average is a
weighted average of presumed occupational and ambient exposure.
Ambient exposures are estimates only and were not necessarily meas-
ured at the same times and places at which the populations were
exposed.

Source: U.S. Public Health Service, Survey of lead in the Atmosphere of Three
Urban Communities, Publication No. 999-AP-12, January 1965.
QO State of California, Department of Public Health, Environmental Hazards
EMC Evaluation Unit.




-49-

Table 19

EXPECTED BLOOD LEAD LEVELS BY SEX AND
ATMOSPHERIC CONCENIRATIONS OF LEAD

ATMOSPHERIC CONCENTRATION BEXPECTED BLOOD LEAD LEVEL

OF LEAD (micrograms/100 g)
(micrograms/m3) Male Female

005 1505 1106

1.0 18.4 13.L

1.5 20.3 14.5

2.0 21.8 15.4

2.5 23.0 16.1

3.0 24.0 16.7

3.5 25.0 17.2

k,0 25.8 17.7

Source: State of California, Department cf Public
Health, Environmental Hazards Evaluation Unit.




=50

Amx\ko\ 67) 3YNSOdX3 AILVINILSI

o8 09 OVv 0¢ Ol 80 90 +O 0 O
- | | M _ l '
1 ! | —— ! ! —9
. <
Jg @
SITVYW34 X | o >
SIIVW © . X e 10k &
X e o QX
SO
IION.w\.i
m
>
—Ob

SNOJLV11dOd Q31093735 Q4 38¥NS0dX3 dIv TVNOILvdNOI0
GNV LN3IGWV Q3LVWILSI A8 S13A3T1 av21 40018

| 34NA9OIS

Aruitoxt provided by Eic:

E




13,

14.

15.

16.

-51-

References

U.S. Bureau of Mines, Minerals Year Book, 1964,

State of California, Department of Agriculture, Division of Chem-
istry, Verbal Communication.

Chevron Chemical Company (Ortho Div.), Verbal Communication.

U.S. Public Health Service, "Symposium on Erfvironmental Lead Con-
tamination," Publication No. 1440, 1966.

U.S. Public Health Service, "Survey of Lead in the Atmosphere of
Three Urban Communities," Publication No. 999-AP-12, 1965.

Los Angeles County Air Pollution Control District, Verbal
Communication.

Bay Area Air Pollution Control District, Verbal Communication.
Ethyl Corporation, "Gasoline Quality Survey," 12 monthly reports

each for 1964 and 1965; 7 monthly reports, January through July,
1966.

‘Western Oil and Gas Assocliation, Verbal Communication

State Board of Equalization, signed by Richard B. West, Assoclate
Statisticlan, letter to Harmon Wong-Woo, Bureau of Air Sanitation,
March 3, 1966.

State of California, Department of Public Health, "The Oxides of
Nitrogen in Air Pollution,” 1966,

Hirschler, D. A., et al.,, "Particulate Lead Compounds in Auto-
mobile Exhaust Gas," IEC 49, July, 1957.

State of California, Department of Motor Vehicles, Gross Report for
1965,

Brief, R, S., et al, "Lead, Carbon Monoxide and Traffic, a Correlation
Study," JAPCA, 10, pp. 384-8, October, 1960.

U.S. Public Health Service, "Proceedings of a Conference to Deter-
y ine Whether or Not There is a Public Health Question in the
Manufacture, Distribution or Use of Tetraethyl-Lead Gasolines,"
Public Health Bulletin No, 158, 1925.

U.S. Public Health Service, "The Use of Tetraethyl Lead and Its-
Relation to Public Health," Public Health Bulletin, No. 163, 1926,




U.S. Public Health Service, "Public Health Aspects of Increasing
Tetraethyl Lead Content in Motor Fuel," Publication No. 712, 1959.

U.S. Public Health Service, "Air Pollution Measurements of the
National Air Sampling Network," 1958, 1962, and 1963.

State of California, Department of Public Health, Bureau of Air
Sanitation, "The Clean Alr Quarterly," Vol. 2, No. 2, June, 1958.

State of California, Department of Public Health, Air and
Industrial Hyglehe Laboratory, "Interim Report of Metals in Air

in Berkeley, Los Angeles, and San Diego in 1965-66," unpublished
data transmitted to Bureau of Air Sanitation, September 26, 1966.

Mueller, P. K., et al., "Concentration of Fine Particles and Lead
in. Auto Exhaust," paper presented at Fourth Pacific Area National
Meeting, American Society for Testing Materials, Los Angeles,
.alifornia, October 5, 1962.

Mueller, P, K., "Lead Content of Alrborne Particulates as a Function
of Size, Evaluation of Sampling Devices," California Department

of Public Health, Air and Industrial Hyglene Laboratory, Research
Report, January 27, 1961.

Robinson, E., et al., "Variations of Atmospheric lLead Concentrations
and Type with Particle Size,”" Stanford Research Institute, Menlo
Park, Califcrnia, November 1, 1963, 92pp.

Iutra-Bureau Memos, Bureau of Alr Sanitation, California Department
of Public Health, Monterey County File: H. F, Droege to J. A. Maga,
"lead Concentratinmns in Lettuce," May 18, 1965 and July 23, 1965.

Kehoe, R. A., "The Metabolism of lead in Man in Health and Disease,
The Harben lectures, 1960," J. Royal Institute of Public Health
and Hygiene, 1961.

"U.S. Public Health Service Drinking Water Standards - 1962," U.S.
Public Health Service, Publication No. 956.

Johnson, R. E., et al., '"Dustfall as a Source of Water Quality
Impairment,” Proc. Am. Soc. Civ, Engrs., 92, J. San. Eng. Div:
#SA-1-February, 1966, Paper 4694, pp. 245-267,

Intra-Department Memo, California Department of Public Health,
larence L. Young, Bureau of Sanitary Engineering, to George J.

Taylor, Bureau of “Air Sanitation, October 18, 1966.

Idem, "lead Content of Water Supplies," October 26, 1966.

Brief, R, S.,, "Alir lLead Concentrations from Automotive Engines,"
Arch. Env. Heaith, 5, pp. 527-31, December, 1962,




33,

34,

35.

36.

38.

39.

43,

40.

41.

42.

-53-

Thienes, C. H. and Haley, T. J., "Clinical Toxicology," Lea and
Febiger, Philadelphia, 1964,

Cecil, R. L. and Loeb, R. F. (editors), "A Textbook of Medicine,"
W. B. Saunders, Philadelphia, 1959.

Efe, S., "Studies on Urinary Excretion on Delta-Aminolevul inic
Acid in Cases of Saturnism and in Plumb Workers," New Istanbul
Contribution to Clinical Sclence, 7, pp. 209-26, 1964,

Westerman, M. P,, et al., "Concentrations of Lead in Bone in
Plumbism,"” New England Journal of Medicine, 273, pp. 1246-50, 1965.

Albahary, C., et al., "Toxic Effect of Lead on Blood, Report on
40 Hospital Patlents with Occupational lead Poisoning," Nouvelle
Revue Francalse d'Hématologie, 5, pp. 689-706, 1965.

Schepers, G. W. H., "Tetraethyllead and Tetramethyl lead, Comparative
Experimental Pathology: Part I. Lead Absorption and Patholoygy,"
Arch, Env, Health, 8, pp. 277-95, 1964.

Saita, G. and Moreo, L., "Determination of Blood and Urinary Delta-
Aminolevulinic Acid in the Diagnosis of Past Lead Poisoning,"
Medicina del Lavoro, 55, pp. 357-64, 1964.

Selye, H., et al., "Effect of Lead Acetate on the Susceptibilicy
of Rats to Bacterial Endotoxins," J. Bacteriology, 91, pp. 884-90,
1966.

Koumidis, 0., "Lead Poisoning as a Cause of Mental Retardation in
Children," in Forensic Immunology, Medicine, Pathology and Toxicology,
Report of the Third International Meeting (1963). International
Congress Series No. 80, sterdam Excerpta Medica Foundation,

p- 97, 1964.

Goldsmith, J. R., "The Body Burden and Air Quality Standards,"
Arch. Env. Health, 8, pp. 39-43, 1964.

State of California, Department of Public Health, "Technical
Report of California Standards for Ambient Air Quality and Motor
Vehicle Exhaust,' 1960.

Kehoe, R. A., "Criteria for Human Safety from the Contamination
of the Ambient Atmosphere with Lead," Proc. XV Congres Inter-
nationale de Medicine du Travail, Vienna, September 19-24, 1966,

Vol. III, 83pp.

Gusev, M, E., "Effects of Small Concentrations of Lead on the
Urinary Excretion of Coproporphyrins. in Children," Giglena i
Sanitariya, 24(No. 7), pp. 6-9, 1959.



44,

45,

46.

47,

48,

49,

50,

51.

52,

53.

54.

55,

56.

57.

58.

-54-

Cogbill, E, C, and Hobbs, M. E, "fransfer of Metalllc Constituents
of Clgarettes to the Main-Stream Smoke," Tobacco Science, 69, p. 24,

1957.

Saterlee, H, S., "The Problem of Arsenic in American Clgarette
Tobacco,”" New England Journal of Medicine, 254, p. 1149, 1956,

Oliver, J. H., "Arsenic and Tobacco," letter to the editor, Lancet,
2, p. 603, 1957.

Guthrie, F. E., et al.,, "Arsenic Content of Commercial Tobacco,
1917-1958," Tobacco Science, 3, pp. 62-4, 1959.

Kehoe, R, A,, et al,, "A Spectrochemical Study of the Normal Ranges
of Concentration of Certaln Trace Metals in Bilological Materials,”
J. Nutrition, 19, p. 579, 1940.

Robinson, M, J., et al., "The Concentration of Lead in Plasma,
Whole Blood and Erythrocytes of Infants and Children," Pediatrics,
21, pp. 793-796, 1958,

Tipton, I, H., "Metal Binding in Medicine," Chapter 4, Lippincott,
Philadelphia, 1960.

Nusbaum, R, E., et al., "Relation of Air Pollutants to Trace Metals
in Bone," Arch. Env. Health, 10, pp. 227-232, 1965.

Butt, E, M., et al., "Trace Metal Levels in Human Serum ind Blood,"
Arch. Env. Health, 8, pp. 52-7, 1964.

Schroeder, H. A. and Balassa, J, J., "Abnormal Trace Metals in Man:
lead," J, Chron. Dis., 14, pPP. 408-25. 1961.

Tipton, I. H., and Cook, M, J., "Trace Elements in Human Tissue.
Part II. Adult Subjects from the United States," Health Physics,
2’ pp' 103’45’ 1963.

Tipton, I. H., et al., "Trace Elements in Human Tissue. Part III,
Subjects from Africa, the Near and Far East and Europe," Health
Physics, 11. PP. 403-51, 1965. .

State of California, Department of Public Health, Bureau of Chronic
Diseases, "Health Effects of Atmospheric lLead in Los Angeles, Final
Report to the United States Public Health Service," 1963,

Cholak, J., "Analytical Methods for Determination of lead,” Arch.
Env. Health, 8, pp. 222-31, 1964,

lane, R, E., "The Care of the lead Worker,'" Brit. J. Industr.
}ﬁd., _g’ pp. 125"“3’ 19“9.




59,

60.

61,

62.

63.

64.

65.

-55-

Kovnatskii, M. A., et al., "Influence of Lead on the Development

of Atherosclerosis," Giglena Truda: Prof. Zabolevaniya, 8, pp. 6-12,

1964.

American Conference of Governmental Industrial Hygienists,
Limit Values for 1966," available from the Conference Office,

cinnati, Ohlo.

Cin-

Air Pollution - 1966, Hearings before a Subcommittee on Air and
Water Pollution of the Committee on Public Works, United States
Senate, Eighty-Ninth Congress, U.S. Government Printing Office,

Washington, D.C., 1966,

Patterson, C. C., "Contaminated and Natural lead Environments of
Man," Arch. Env. Health, 8, pp. 344-60, 1965.

Finney, D. J., nStatistical Method in Biological Assay," Hafner
Publ ishing Company, New York, 1952,

Finney, D. J., "Probit Analysis," Cambridée University Press,
Cambridge, England, 1952,

Rustagi, J. S., "Stochastic Behavior of Trace Substances," Arch.
EI'IV. Health, §, ppo 68'76, 196‘.0

"Threshold



APPENDIX A

SYNOPSIS OF RELEVANT ABSTRACTS

Following a reading of the Kettering Abstracts an attempt has been made to col-
lect and evaluate the information on known effects of exposure to inorganic and
organic lead compounds. In many cases the original papers were reviewed. Data
which include quantitated exposures are {jsted in Table A-1 in order of increas-
ing exposure concentrations to the extent this was possible. Data obtained from
nonquantitated exposure situations are listed in Table A-2. These are grouped
mainly by effects measured in occupational situations. In addition, there is a
table listing several metabolites which figure prominently in lead poisoning to-
gether with the concentrations expected in normal persons and those suffering
from lead absorption. Finally, a chart is provided concerning porphyrin syn-
thesis which delineates known sites of lead attack. These explain the increase
of certain metabolic intermediates in body fluids after lead exposure.
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