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7.1 INTRODUCTION v

Lead-bearing aerposol particles emitted from the sources described in
Chapter 5, arrive at-their point of deposition by mechanisms described in
Chapter 6. Even though the distance traveled may be a few meters or several
thousand kilometérs, the important point is that until the particle deposits
on a surface, it will have no effect on plants, animals, or humans. If this
surface is alveplar lung tissue, the lead may be incorporated directly. For
other surfaces, the lead must be ingested (animals) or absorbed (plants)
before any effect is possible. Therefore, it is necessary to understand the
ambient concentrations of lead in air normally breathed by humans, and in
other environmental components such as soil, dust, and vegetation likely to be
directly or indirectly ingested by adults and children.

This chapter is divided into two parts. In the first part, the range of
ambient concentrations normally encountered by humans in typical working,
living, and playing environments are emphasized. Air concenirations represent
the bulk of this discussion because the most information is available on this
topic. Lead in soil, dust, and vegetation are one step closer to ingestion
but data are limited since there are no organized sampling networks for these
media. '

In the second part of the chapter, ambient concentrations are discussed
in the context of potential human exposure. It is at this point that the
effects of atmospheric lead are combined with lead from other sources, such as
paint, industrial milling processes, and plasticizers to produce a composite
picture of human exposure based on diet, the Tiving and recreational environment,
and a few sensitive occupational situations,

7.2 AMBIENT CONCENTRATIONS

Quantifying human exposure to lead requires an understanding of ambient
lead levels in environmental media. Of particular importance are lead concen-
trations in air, soil, dust, and vegetation. The sections which follow discuss
environmental lead concentrations in each of these media in the context of how
these concentration increase or decrease human exposure.

7.2.1 Ambient Air

Ambient airborne lead concentrations may influence human exposure through

direct inhalation of lead-containing particles, and through ingestion of lead

which has been deposited from the air onto surfaces. Although a plethora of

data on airborne lead is now available, our understanding of human exposure is
far from complete: most ambient measurements were not taken in conjunction
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with epidemiological studies of the effects of lead on man or other organisms.
Yet that is the context in which these studies must now be interpreted to shed
the most 1ight possible on the concentrations likely to be encountered in
various environmental settings.

Three categories of studies are included in this section. First, data on
total airborne Jead concentrations are summarized. Included in this category
are data from government sampling networks as well as the results of independent
investigators. The second category involves airborne lead size distribution
measurements. Finally, vertical gradients of lead in the atmosphere, particularly
near roadways, are discussed.
7.2.1.1 Total Airborne Lead Concentrations--A thorough understanding of human
exposure to airborne lead requires detailed knowledge of spatial and temporal
variations in ambient concentrations. The wide range of concentrations is
apparent from Table 7-1, which summarizes data obtained from numerous independent
measurements. Concentrations vary from less than 0.001 pg/m3 in remote areas
to over 10 .p_g/m3 near sources. Many of the remote areas are far from human
habitation and therefore do not reflect human exposure. However, a few of the
regions characterized by small lead concentrations are populated by individuals
with primitive Jifestyles; these data provide baseline airborne lead data to
which modern American lead exposures can be compared. Examples include some
of the data from South America and the data for Nepal.

Comparing urban, rural, and remote airborne lead concentrations in Table
7-1 suggests that human exposure to lead has increased over time, as the use
of lead in inhabited areas has increased. This is consistent with published
results of retrospective human exposure studies. For example, Ericson et al.
(1979) have analyzed the teeth and bones of Peruvians buried 1600 years ago.
Based on their data, they estimate that the skeletons of present-day American
and British adults contain roughly 500 times the amount of lead which would
occur naturally, in the absence of widespread anthropogenic lead emissions.
Grandjean et al. (1979) and Shapiro et al. (1980) report lead levels in teeth
and bones of contemporary populations to be elevated 100-fold over levels in
ancient Nubians buried before 750 A.D. On the other hand, Barry and Connolly
(1981) report excessive lead concentrations in buried medieval English skeletons;
the Jead is attributed mainly to absorption from the surrounding soil.

It is important to note that the remote area concentrations reported in
Table 7-1 do not necessarily reflect natural, preindustrial lead. Murozumi et
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TABLE 7-1. ATMOSPHERIC LEAD IN URBAN, RURAL, AND
REMOTE AREAS OF THE WORLD.
Adapted from Nriagu (1978).

Location Sampting Period Lead conc. (ug/m3) Reference
Urban
BerTin 1966-67 3.8 Blokker, 1972
Vienna 1970 2.9 Hartl and Resch, 1973
Zurich 1970 3.8 Hogger, 1973
Liege 1972 2.7 Rondia and DeGraeve, 1973
Turin 1974 5.0 Magi et al., 1975
Rome 1972-73 4.5 Colacino and Lavagnini, 1974
Paris 1964 4.6 Blokker, 1972
Miami 1974 1.3 HASL, 1975
New York 1974 1.1 HASL, 1975
Boston 1972 4.5 0'Brien et al1., 1975
St. Louis 1973 1.1 Tanner et al., 1974
Cincinnati 1970 1.8 Lee et al., 1972
Chicago 1970 1.1 Lee et al., 1972
Salt Lake City 1974 0.89 HASL, 1975
Denver 1970 0.8 Lee et al., 1972
Los Angeles 1968-69 3.6 Chow, 1973 ‘ N
Rio de Janeiro 1972-73 0.8 Branquinho and Robinson, 1976
Ottowa 1975 1.3 NAPS, 1975
Toronto 1975 1.3 NAPS, 1975
Montreal 1875 2.0 NAPS, 1975
Rural
United Kingdom 1972 0.13 Cawse, 1974
New York Bight 1974 0.13 Duce et al., 1975
Framingham, MA 1972 0.9 0'Brien et al., 1975
Chadron, NE 1973-74 0.045 Struempler, 1975
Remote , _
White Mtn., CA 1969-70 .008 Chow et al., 1972
Antarctica 1971 .0004 Duce, 1972
South Pole 1970 . 00063 Zoller et al., 1974
Thule, Greenland 1965 .0005 Murozumi et al., 1969
Thule, Greenland 1978-79 .008 Heidam, 1971
Prins Christian-
sund, Greenland 1978-79 .018 Heidam, 1981
Dye 3, Greenland 1979 .00015 Davidson et al., 1981c
High Sierra, CA 1976-77 .021 Eijas and Davidson, 1980
O0lympic Nat. Park, WA 1980 .0022 Davidson et al., 1982
Enewetak, Pacific Ocean 1979 .00017 Settle and Patterson, 1982
Kumjung, Nepal 1979 .00086 Davidson et al., 1981b
Bermuda 1973-75 .0041 Duce et al., 1976
Spitsbergen 1973-74 .0058 Larssen, 1977
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al. (1969) and Ng and Patterson (1981) have measured a 200-fold increase in
the lead content of Greenland snow over the past 3000 years. The authors state
that this lead originates in populated mid latitude regions, and is transported
over thousands of kijlometers through the atmosphere to the Arctic. It is
apparent that most of the concentrations in Table 7-1, including values for
remote areas, may be influenced by anthropogenic lead emissions.

A1l of the data in Table 7-1 refer to the ambient atmosphere. Because
people spend much of their time indoors, these data cannot be used to obtain
an accurate indication of exposure to airborne lead. Table 7-2 summarizes the
results of several indoor/outdoor airborne lead studies. In nearly all cases,
the indoor concentration is substantially smaller than the corresponding value
outdoors; the only indoor/outdoor ratio exceeding unity is for a high-rise
apartment building, where air taken in near street level is rapidly distributed
through the building air circulation system. Some of the studies of Table 7-2
include published data showing smaller indoor/outdoor ratios during the winter,
when windows and doors are tightly closed. Overall, it has been suggested
that indoor/outdoor ratios of 0.6 to 0.8 are typical for airborne lead in
non-air conditioned houses. Ratios in air conditioned houses are expected to
be closer to 0.3 to 0.5 (Yocum, 1982).

The avaliable data imply that virtually all airborne lead found indoors
js associated with material transported in from the outside. Because of the
complexity of factors affecting infiltration of air into buildings, however,
it is difficult to accurately predict indoor lead concentrations based on
outdoor levels. ,

Detailed knowledge of indoor and outdoor airborne lead concentrations may
still be insufficient to assess human exposure to airborne lead. The study of
Tosteson et al. (1981) in Table 7-2 included measurement of airborne lead
concentrations using personal exposure monitors, carried by individuals going
about their day-to-day activities. In contrast to the lead concentrations of
0.092 and 0.12 pg/m3 given in the table, the average personal exposure was
0.16 pg/m3. The authors suggest the inadequacy of using fixed monitors at
either indoor or outdoor locations to assess exposure.

A problem with the studies referenced in Tables 7-1 and 7-2 is that
quality control and interlaboratory comparability are generally unspecified.
In contrast, thare are two principal airborne lead data bases which include
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measurements subjected to quality assurance procedures. The first is EPA's
National Air Sampling Network (NASN), providing comprehensive nationwide data
on long-term trends. The second data base contains information contributed to
EPA's National Aerometric Data Bank by state and local agencies, whose stations
are sited to monitor compliance with, or progress toward compliance with the
current ambient airborne standard for Tead (1.5 pg/m3 averaged over a calendar
quarter) promulgated in 1978. :

EPA Nationwide Sampling Network. Tables 7-3 and 7-4, categorize respec-
tively the urban and nonurban NASN sites with valid annual averages (4 valid
quarters) into several annual average concentration ranges (Akland, 1976;
Shearer et al.; 1972, U.S. Environmental Protection Agency, 1978, 1879; Quar-
terly Averages...from the National Filter Analysis Network, 1982). Nearly all
of the urban sites reported annual averages below 2.0 ug/m3 and the majority
of the nonurban sites reported annual averages below 0.2 pg/m3. Although the
decreasing number of stations in service in recent years could account for
some of the shift in averages tohardv]ower concentrations, trends at indivi-
dual urban stations, discussed below, confirm the indicated general trend.

Tables 7~5 and 7-6 provide cumulative frequency distributions of all
quarterly lead concentrations for urban and nonurban NASN stations, respec~
tively (1st quarter = Jan-Mar, etc). Samples collected by the NASN from 1970
through 1976 were combined for analysis into quarterly composites. Since
1977, the 24-hour samples have been analyzed individually. These data have
been arithmetically averaged for comparison with the quarterly composite data.
(Note, also, that the EPA data base has been renamed the National Filter
Analysis Network, or NFAN.) .

Each of the summary percentiles and means for urban stations (Table 7-5)
has decreased over the period from 1970 to 1980; the 1980 levels are in the
range of one-third to one-fourth of the values in 1970. The data from non-
urban locations (Table 7-6) represent far fewer sites than the urban data and
many concentrations are below the measurement method's detection 1imit, there-
fore, summary statistics are more susceptible to the presence or absence of
individual sites from year to year, and if more than half the samples contain
less than detectable amounts of lead, the means are not reported. The upper
percentiles are fairly stable, however, and while the composite nonurban
concentrations are approximately one-seventh of the urban concentrations,- they
exhibit a relative decrease over the 1979-1980 period similar to that seen in
the data from the urban sites.
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TABLE 7-3. MNUMBER OF NASN URBAN STATIONS WHOSE DATA
FALL WITHIN SELECTED ANNUAL AVERAGE LEAD CONCENTRATION INTERVALS, 1966-1980
(AKLAND, 1976; SHEARER et al., 1972; U.S. EPA 1978, 1979;
Annual averages...from NFAN, 1982)

Concentration interval, pglm3

Year <0.5 0.5-0.9 1.0-1.9 2.0-3.9  24.0 Total
1966:
No. stations 9 40 40 6 — 95
Percent 9 42 42 6 — 100
1967: _ _
No. stations 4 37 63 9 — 113
Percent 3 32 55 7 — 100
1968: _
No. stations 14 67 54 10 1 146
Percent 9 45 ‘ 36 6 1 100
1969: o
No. stations 5 46 103 23 1 178
Percent 2 25 57 12 1 100
1970:
No. stations 9 54 80 15 1 159
Percent 5 33 50 9 _ 1 100
1971:
No. stations ~— 23 64 21 1 109
Percent — 21 58 19 1 100
1972:
No. stations 16 67 84 12 1 180
‘Percent g 37 A7 7 0 100
1973: ‘
No. stations 20 - 76 36 4 1 137
Percent 15 55 26 3 1 100
1874:
No. stations 19 69 38 4 0 130
Percent 15 53 29 3 0 100
1975: ‘
No. stations 28 94 38 7 1 168
Percent 17 56 22 4 1 100
PB7/A 7-8 12-15-82
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TABLE 7-3 (continued).

Concentration interval, pg/m3

Year '<0.5 0.5-0.9 1.0-1.9 2.0-3.3  4.0-5.3  Total

1976:

No. stations 23 99 36 4 0 162

Percent 14 02 22 2 0 100

1977:

No. stations 21 73 35 5 0 134

Percent 16 54 26 4 0 100

1978: :

No. stations 21 42 8 1 0 72

Percent 29 58 11 2 0 100

1979:

No. stations 23 15 4 1 0 43

Percent 54 35 ' 9 2 0 100

1980:

No. stations 51 6 0 0 0 57

Percent 89 11 0 0 0 100
PB7/A 7-9 12-15-82
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TABLE 7-4. NUMBER OF NASN NONURBAN STATIONS WHOSE DATA FALL WITHIN
SELECTED ANNUAL AVERAGE LEAD CONCENTRATION INTERVALS, 1966-1980
(AKLAND, 1976; SHEARER et al., 1972; U.S. EPA 1878, 1979;
Annual averages...from NFAN, 1982)

Concentration interval, ug/m3

Year  <0.03 0.03-0.096 0.10-0.19 0.20-0.45 Total

1966:

No. stations — 10 6 3 19

Percent -— 52 32 16 100 -

1967: }

No. stations 1 7 10 2 20

Percent 5 35 50 10 100

1968: ‘

No. stations 1 15 4 — 20

Percent 5 75 20 —_— 100

1969:

No. stations — 11 9 1 21

Percent — 52 43 5 100

1970-1971:

No. stations — — 7 3 10

Percent - — 70 30 100

1972:

No. stations 10 4 9 11 34

Percent. 29 12 26 33 100

1973:

No. stations 9 7 6 1l 23

Percent 39 31 26 4 100

1974:

No. stations 3 5 6 2 15

Percent 19 31 38 12 100
- 1975:

No. stations 0 0 1 4 5

Percent 0 0 20 80 100

1976:

No. stations 0 0 3 3 6

Percent ¢ 0 50 50 100
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TABLE 7-4 (continued).

Concentration interval, pg_/m3

Year <0.03 0.03-0.096 0.10-0.18 0.20-0.45 Total

1977:

No. stations 5 8 7 1 21

Percent 24 38 33 5 100
- 1978:

No. stations 1 3 1 0 5

Percent 20 60 20 0 100

1979:

No. stations 1 1 1 1 4

Percent 25 25 25 25 100

1980: ,

No. stations 1 2 0 0 3

Percent 33 67 0 ] 100

PB7/A 7-11 12-15-82

TEH 0530397

DUP050031310




ot ¢ S it 0y spm o o b

L I L S PO R S

2o 26’0 90°T ¢80 99°0 G50 8E'0 0€°0 T2°0

88T +2°0 $1°0  €0°0 022 0861
68°'T 66°0 850 95°C 6S5°€. vb°Z €€°T 60°T £9°0 €40 €0 220 0I°0 L91 6L6T
[8°T 06°0 $9°0 89°0 G8°€ Ob'Z 6T 6I'T vL°0 LS°0 €0 (20 (070 282 8L6T
6L°'T 830 080 T6°0 96°€ 62°€ E€I°C £9°T G6'0 SL°0 [5°0 LE'O €90°0 €€5 LL6T
08'T 2L°0 S5°0 G8°0 #S't £L0°€ LT TH'T 96°0 vL°0 85°0 LEO @) 0.9 96T
28°T ¥L°0 650 680 6y GI'E 20°C ¥S'T 960 8L°0 850 (€0 69 SL61
08°T S0 /S0 68°0 60'v O9T'€ [6'T TI9°T 00T SL°0 £5°0 9€'0 80°0 65 7461
8T 9.°0 $9°C 26°0 €8'G €0°€ 80°2 29T SO'T £LL°0 850 GE0O Q1 655 €L6T
£8'T €60 8.0 €I'T 889 69'¢ /52 €°T S2'T L6'0 2.0 9v'0 Q1 80L ZL6T
68°'T 00T £8°0 €2'T TE'9 8E'¥ 98¢ T2°¢ 2¢v'I T0'T TZ°0 2Z2¢'0 41 LTL 16T
08'T 660 080 6L'T €8S L't 662 10°2 L€'T SO'T G£°0 [¥'0 Q7 6L 061
AP uBal  CASD UBAW  CXEW 66 6 06 0L 05 O 0T  "uli "oN SLE)
vwwgamsomo .Av,vwmposﬁtc 8L Ljudddad -
(w/Bry
(285T *NAUN Wouy " *-sobeaane Aiaoluehd (646T ‘8L6T ‘Vd3 'S°N $9/6T ‘ONYTNV)
0861 HONOYHL 0Z6T ‘¥UYIA A8 SNOILVLS NVEWA LV
SINIWIYNSYIW QVIT ATYILYVAD 20 SNOILNAINLSIO AONINDIUA FALLYIOWND "G-L F1avl

J1AVHG AYYNIWIT3Nd

12-15-82

7-12

PB7/A

TEH 0530398
DUP050031311




ciereoosodna

66€0€50 H3L

v/18d

€1-L

¢8-51-¢t

PRELIMINARY DRAFT

TABLE 7-6. CUMULATIVE FREQUENCY DISTRIBUTIONS OF QUARTERLY LEAD MEASUREMENTS
_ ‘ AT NONURBAN STATIONS BY YEAR, 1970 THROUGH 1980
(AKLAND, 1976; U.S. EPA 1978, 1979; Quarterly averages...from NAFN, 1982)

(ng/m®)
| Percentile Arithmetggd;

Year No. Min. 10 30 50 70 90 95 99 Max. Mean dev. W
1970 124 LD LD 2] LD LD 0.267 0.383 0.628 1.471 - --
1971 85 LD LD LD LD b 0.127 0.204 0.783 1.134 -- -
1972 137 LD LD L0 0.107 0.166 0.294 0.3%2 0.950 1.048 0.139 0.169
1973 100 LB LD LD LD 0.132 0.233 0.392 0.698 0.939 -- -
1974 79 LD LD 0.053 0.087 0.141 0.221 0.317 0.496 0.534 0,111 0.111
1975 98 LD LD LD LD 0.144 0.255 0.311 0.431 0.649 ~-- -
1976 98 LD Lo 1w 10 0.150 0.240 0.285 0.336 0.2483 - -
1977 84 0.006 0.01 0.04 0.08 0.11 0.18 0.20 0.25 0.40 . 0.09 0.10
1978 20 0.002 0.007 0.04 0.06 0.0% 0.24 0.33 0.33 0.33 0.08 0.10
1979 16 LD 0.02 90.02 0.10 0.14 0.21 0.27 0.32 0.11 0.11 0.13

12 LD 0.01 0,005 0.03 0.05 0.11 ©0.13 0.13 0.13 0.04 0.06

1980

odd 193132 dira
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PRELIMINARY DRAFT

Long-term trends and seasonal variations in airborne lead levels at urban
sites can be seen in Figure 7-1. The 10th, 50th, and 90th percentile concen-
trations are graphed, using quarterly composite and quarterly average data
from an original group of 92 urban stations (1965-1974) updated with data for
1975 through 1980. Note that maximum lead concentrations typically occur in
the winter, while minima occur in the summer. In contrast, automotive emis-
sions of lead would be expected to be greater in the summer for two reasons:
(1) gasoline usage is higher in the summer, and (2) lead content is raised in
summer gasolines to replace some of the more volatile high-octane components
that cannot be used in summertime gasolines. The controlling influence,
apparently, is the seasonal pattern of lower meteorological ventilation capacity
in winter, higher capacity in summer,

Figure 7-1 also clearly portrays the significant decrease in airborne
lead Tevels over the past decade. This trend is attributed to the decreasing
lead content of regular and premium gasoline, and to the increasing usage of
unleaded gasoline. The close parallel between these two parameters is dis-
cussed in detail in Chapter 5. (See Figure 5-4 and Table 5-6.)

The decrease in lead concentrations, particularly in 1979 and 1980, were
not caused by the disappearance from the network of sites with characteristi-
cally high concentrations; the quarterly values for sites in six cities repre-
senting the east coast, the central, and the western sectjons of the country
(Table 7-7) indicate that the decrease is a real and pervasive phenomenon.

State and Local Agency Data. Table 7-8 lists stations operated by state
and local agencies where one or more quarterly averages exceeded the current
standard of 1.5‘pg/m3 in 1979 and/or 1980. A portion of each agency's com=~
pliance monitoring network consists of monitors sited in areas expected to
yield high concentrations associated with identifiable sources. In the case
of Jlead, these locations are most likely to be near stationary point sources
such as smelters or refineries, and near routes of high traffic density. Both
situations are represented in Table 7-8, e.g., the Idaho data reflect predomi-
nantly stationary source emissions, the Washington, D.C. data reflect predomi-
nantly vehicular emissions. Table 7-9 shows the maximum quarter lead concentrations

for Standard Metropolitan Statistical Areas greater than 1 million.

Table 7-10 summarizes the maximum quarter lead values for those stations
reporting 4 valid quarters in 1979, 1983, and 1981, grouped according to
principal exposure orientation or influence--population, stationary source, or
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TABLE 7-7. TRENDS IN QUARTERLY LEAD VALUES FOR SELECTED URBAN
SITES, 1975-1980
Q 1975 1976 1977 1978 1979 1980
Tucson, 1 0.78 0.68 0.87 0.74 0.52 0.35
Arizona 2 0.49 0.63 0.33 0.42 0.39 0.18
3 0.42 0.38 0.30 0.37 0.22 0.21
4 1.27 0.94 0.91 - 0.22 0.34
Des Moines 1 0.71 0.44 - 0.67 0.68 0.37
Iowa 2 0.66 1.18 - - 0.56 0.34
3 0.86 -- -- 0.72 - 0.34
4 1.18 1.04 - 0.78 0.38 0.28
Worchester, 1 <0.12 - 0.58 0.42 0.57 0.56
Massachusetts 2 <0.12 0.75 0.71 0.54 0.34 0.37
3 0.78 0.78 0.94 0.76 0.45 0.50
4 0.89 0.60 1.03 1.30 0.76 0.45
Reno, 1 1.48 - - 0.74 0.54 0.53
Nevada 2 0.50 -- 0.40 0.37 0.32 0.19
3 _ 0.60 0.96 0.50 0.45 0.23 0.27
4 2.15 3.00 1.98 2.05 0.61 0.79
Newark, 1 091 1.09 -~ 0.67 1.17 0.54
New Jersey 2 <0.12 1.37 0.99 0.54 0.63 0.27
3 1.18 1.08 1.11 1.06 0.54 0.36
4 1.25 - 1.16 1.72 0.79 0.42
Akron, 1 0.61 0.37 0.59 0.36 0.42 0.29
Ohio 2 0.50 1.02 0.59 0.62 0.37 0.24
3 0.78 0.77 0.63 0.55 0.46 0.38
4 0.79 0.77 0.44 0.58 0.29 0.26
PB7/A 7-16 12-15-82
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X B§gns Reporting Valid Quarterly Lead Concentrations Greater
than 1.0 ug/my (The Current Ambient Air Standard) in 1979 and 1980.%
; (0AQPS, 1982)

_uRp
STATE CITY OR COUNTY YEAR MAX, Q}R NO. OF QUAR;ERS
pg/m >1.0 pg/m
Alabama Troy (003) 1979 2.78 2
1980 1.13 2
Arizona Glendale (001) 1979 1.06 1
Phoenlx (002A) 1879 1.54 1
1980 1.29 2
Phoenix (002G) 1979 2.59 2
" 1980 1.49 2
Phoenix (004) 1979 1.48 2
Phoenix (013) 1979 1.55 2
" 1980 1.06 1
Scottsdale (003) 1979 1.41 2
b 1980 1.13 1
Tucson (009) - 1979 1.18 1
Nogales (004) 1980 1.10 1
California Los Angeles (001) 1979 1.51 1
Anaheim (001) 1979 1.11 1
Colorado Adams Co. (001) 1979 1.77 2
Arapahoe Co. (001) 1979 1.10 1
Arvada (003) 1979 1.60 1
Brighton (001) 1979 1.17 , 1
Colorado Springs (004) 1979 1.37 1
Denver (001) 1979 1.70 2
Denver (002) 1979 3.47 4
" 1980 1.53 2
Denver (003) 1979 2.13 3
" 1980 1.03 1
Denver (009) 1979 1.57 1
u 1980 1.23 2
Denver (010) 1979 1.67 2
Denver (012) 1979 1.67 2
1980 1.10 1
Eng]ewood (001) 1979 1.80 1
Garfield Co. (001) 1979 1.20 1
Grand Junction (010) 1979 1.53 2
" 1980 1.27 1
Longmont (001) 1979 1.07 2
Pueblo (001) 1979 1.03 1
Pueblo (003) 1979 1.03 1
Routt Co. (003) 1979 1.33 1
Connecticut New Haven (123) 1979 1.57 3
Waterbury (123) 1979 1.41 3
Delaware Wilmington (002) 1979 1.21 2
PB7/A 7-17 12-15-82
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PRELIMINARY DRAFT

Table 7-8 (continued)

o w
STATE CITY OR COUNTY YEAR MAX. QIR. NO. OF QUARTERS
A pg/m >1.0 pg/m

Dist. of Col. Washington (005) 1979
Washington (007) 1979
Washington (008). 1979
Washington (011) 1979
Washington (015) 1979
Washington (017) 1979

1.49 1
1.89 4
1.90 1
1.44 2
1.06 2
, 1,45 1
Florida Dade Co. (020) 1979 1.16 1
Miami (016) 1979 1.46 3
" | 1980 1.10 2
Perrine (002) - 1979 1.01 1
Hil1sborough Co. (082) 1979 1.31 2
v 1980 1.09 1
Tampa (043) 1979 1.60 3
" N 1980 1.07 1
Idaho Boise City (003) 1980 1.01 1
Kellogg (004) = 1979 9.02 4
" , 1980 6.88 2
Kellogg (006) 1979 8.25 4
M 1980 8.72 -4
Shoshone Co. (015) 1979 1.21 2
Shoshone Co. (016) 1979 2.27 1
" 1980 1.02 1
Shoshone Co. (017) 1979 4.57 4
" 1980 3.33 3
Shoshone Co. (020) 1979 4.11 2
# 1980 2,15 2
Shoshone Co. (021) 1979 13.54 4
4 1980 13.67 4
Shoshone Co. (027) 1979 10.81 4
u 1980 7.18 3
I1linois ' Chicago (022) 1980 1.02 1
Chicago (030) 1980 1.06 1
Chicago (005) 1979 1.05 1
Chicago (036) 1979 1.02 1
Chicago (037) 1979 1.14 1
Cicero (001) 1979 1.00 1
Elgin (004) 1980 1.95 1
Granite City (007) 1979 1.04 1
Granite City (009) 1979 1.15 4
Granite City (010) 1979 3.17 4
n 1980 2.97 3
" 1981 7.27 4
Granite City (011) 1979 1.33 4
" 1980 1.43 1
" 1981 1.13 1
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Table 7-8 (continued)
U

STATE CITY OR COUNTY YEAR MAX. QgR. NO. OF QUAREERS
) pg/m >1.0 pg/m

Indiana Jeffersonville (001) 1979
East Chicago (001) 1979
East Chicago (003) 1979
East Chicago (004) 1979
Eas} Chicago (006) 1979

1980

Hammond (004) 1979

Hammond (006) 1979

Indianapolis (030) 1979

Iowa Des Moines (051) 1979
Kentucky Buechel (001) 1980

Covington (001) 1979
Covington (008) 1979
Greenup Co. (003) 1979
Jefferson Co. (029) 1979

u - 1980
Louisville (004) 1979

] ' . 1980
Louisville (009) 1980
Louisville (019) 1980
Louisville (020) 1980
Louisxi11e (021) 1979

»

—HHUTHONOOANOUIUION NS WUTOO BN UTUTN P O 0 bt b 3 G0 b P et €O W 0 i 0

| | 1980
Louisville (028) 1979

Newport (002) 1979

Okolona (001) 1979

e 1980

Paducha (004) 1979

Paducha (020) 1979

St. Matthews (004) 1979

- " 1980

’ Shively (002) 1979

Louisiana Baton Rouge (002) 1979
Maine Portland (009) 1979
Maryland Anne Arundel Co. (001) 1979

Anne Arundel Co. (003) 1979
Baltimore (001) 1979
Baltimore (006) 1979
Baltimore (008) 1979
Baltimore (009) 1979
Baltimore (018) 1979

B S S IO S S I S N R e e e o
O N B 1N Tt 1 ot NS N ek NS b b b e el B TN ot ot ot ot o o ot ek o o o ek N3 ot e Bt Bt O B PO B2 TN RO W0

Cheverly (004) 1979
Essex (001) 1979
Hyattsville 1979
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Table 7-8 {continued)

, )
STATE CITY OR COUNTY YEAR MAX. QIR. NO. OF QUAR;ERS
pg/m >1.0 pg/m
Massachusetts Springfield (002) 1979 1.68 1
" 1980 1.04 -1
Boston (012) 1979 1.01 1
Minnesota Minneapolis (027) 1979 2.44 1
Minneapolis (055) 1980 2.41 3
Richfield (004) 1979 1.95 4
" 1980 1.18 2
St. louis Park (007) 1979 2.87 2
" 1980 3.04 4
St. Paul (031) 1979 1.04 1
St. Paul (038) 1979 1.36 1
u 1980 1.82 3
Montana Lewis & Clark Co. (002) 1879 4.19 4
" 1980 2.75 4
Lewis & Clark Co. (008) 1980 1.19 1
Nebraska Omaha (034) 1979 1.08 1
Nevada Las Vegas (001) 1979 1.15 1
New Jersey Newark (001) . 1979 1.17 1
Perth Amboy (001) 1979 1.08 1
Paterson (005) 1979 1.42 1
Elizabeth (002) 1979 1.16 1
New York Yonkers {001) 1979 1.08 1
Ohio Cincinnati (001) 1979 1.15 1
Pennsylvania Laureldale (717) 1979 3.30. 4
" _ 1980 1.86 2
Reading (712) 1979 1.11 1
E. Conemaugh (804) 1979 1.28 3
Throop (019) 1979 1.13 1
Lancaster City (315) 1979 1.18 1
New Castle (015) 1879 1.01 1
Montgomery Co. (103) 1979 1.23 1
Pottstown (101) 1979 1.16 2
Philadelphia (026) 1979 1.21 3
Philadelphia (028) 1979 2.71 4
" 1980 1.26 3
Philadelphia (031) 1979 1.29 2
Philadelphia (038) 1979 1.06 1
Puerto Rico Guaynabo Co. (001) 1979 1.60 2
" 1980 1.06 1
Ponce (002) 1979 1.08 1
San Juan Ce. (003) 1979 3.59 4
Rhode Tsland E. Providence (008) 1979 1.10 2
Providence (007) 1979 1.92 4
u 1980 1.16 2
Providence (015) 1979 1.34 1
South Carolina Greenville (001) 1979 1.38 2
PR7/A 7-20 12-15-82
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Table 7-8 (continued)

P L

_ )
STATE CITY OR COUNTY YEAR MAX. QgR. NO. OFAQUARgERS
pg/m >1.0 pg/m
Tennessee Nashville-Davidson (006) 1979 1.05 1
Texas San Antonio (034) 1979 1.23 1
Dallas (018) 1979 1.59 1
Datlas (029) 1979 1.07 1
Dallas (035) 1979 1,12 3
Dallas (046) 1979 1.22 1
Dallas (049) 1979 1.01 1l
Dallas {050) 1979 1.13 2
E1 Paso (002A) 1980 1.90 1
u 1980 2.12 1
E1 Paso (002F) 1979 1.90 1
£1 Paso (002G) 1979 2.60 4
E1 Paso (018) 1979 1.91 2
E1- Paso (021) 1979 1,02 1
E1 Paso (022) - 1979 1.84 2
E1 Paso (023) 1979 2.12 2
E1 Paso (027) 1979 2.15 2
" 1980 1.74 2
E1 Paso (028) 1980 1.16 1
El Paso (030) 1879 1.02 1
E1 Paso (031) 1979 2,47 1
E1 Paso (033) 1979 1.97 1
Houston (001) 1979 1.35 2
Houston (002) 1979 1.39 2
Houston (037) 1979 1.26 1
Houston (049) 1979 1.13 3
Ft. Worth (003) 1979 1.14 2
Washington Seattle (057) 1979 1.36 1
Tacoma (004) 1979 1.06 1
West Virginia Charleston (001) 1979 1.09 1
*As of November 1982
PB7/A 7-21 12-15-82
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TABLE 7-9. MAXIMUM QUARTER LEAD CONCENTRATIONS REPORTED FOR SMSA's
> 1 MILLION POPULATION, 1979-1981

Anaheim-Santa Ana;Garden Grove, CA 1979

1.11
1980 0.47
1981 0.93
Atlanta, GA 1980 0.51
1981 0.39
Baltimore, MD 1979 3.41
1980 1.11
1981 0.61
Boston, MA 1979 1.01
_ 1980 0.57
Buffalo, NY : 1979 0.47
1980 0.41
13%3 0.38
Chicago, IL 1 1
1980 -

; 1981 0.89
Cincinnati, OH-KY-IN 1979 1.16
1980 0.85
1981 0.37
Cleveland, OH 1979 0.38
1980 0.34
Columbus, OH 1979 0.43
1980 0.35
_ 1981 0.34
Dallas-Fort Worth, TX 1979 1.59
1980 0.67
Denver-Boulder, CO 1979 3.47
1880 1.53
1981 0.97
Fort Lauderdale-Hollywood, FL 1979 0.33
1980 0.36
1981 0.23
Houston, TX 1979 1.39
1980 0.64
Indianapolis, IN 1979 1.16
1980 0.63
1981 0.42
Kansas City, MO-KS 1879 0.82
1980 0.38
1981 0.19
Los Angeles-Long Beach, CA 1979 1.51
1980 0.68
1981 1.43
Miami, FL 1979 1.46
1980 1.10
1981 0.75
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Table 7-9 (continued)

Milwaukee, WI 1979

0.72
1980 0.49
: 1981 0.31
Minneapolis-St. Paul, MN-WI 1979 2.87
1980 3.04
1981 3.11
Newark, NJ 1979 1.17
1980 0.53
New Orleans, LA 1979 0.70
1980 0.35
1981 0.25
New York, NY-NJ 1979 1.08
N 1980 0.47
Philadelphia, PA-NJ 1979 2.71
1980 1.26
1981 1.30
Phoenix, AZ 1979 2.59
1980 1.49
‘ < 1981 1.3¢
Pittsburgh, PA 1979 0.82
1980 0.44
1981 0.41
Portland, OR-WA 1979 0.60
1980 0.41
1981 0.29
Riverside-San Bernardino-Ontario, CA 1979 0.91
- 1980 0.54
1981 0.57
Sacramento, CA 1979 0.69
1980 0.18
1981 0.62
San Antonio, TX 1979 1.23
» 1980 0.79
San Diego, CA 1979 0.91
1980 0.83
. 1981 0.60
san Francisco-0akland, CA 1979 0.42
1980 0.13
1981 0.28
San Jose, CA 1979 0.92
1980 0.86
1981 0.61
San Juan, PR 1979 3.59
1980 1.06
1981 1.02
Seattle-Everett, WA 1979 1.36
1980 0.86
1981 0.52
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Tabie 7-8 (continued)

St. Louis, MO-IL

‘Tampa-St. Petersburg, FL

Washington, DC-MD-VA

Source:

PB7/A

0AQPS (1982)

1979
1980
1981
1979
1980
1981
1979
1980
1981
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TABLE 7-10. SUMMARY OF MAXIMUM QUARTERLY LEAD AVERAGE BY
SELECTED CONCENTRATIONS ACCORDING TO SITE-TYPE, 1979-81.%

CONCENTRATION RANGES

(ug/n’)

) >.5 >1.0 >1.5 Total No.of
Site-Type _£.56 =10 _ $1.5 _22.0  >2.0 Site-Years
Population 300 173 46 7 5 531
Stationary

Source 50 12 10 A 2 21 104
Background 21 0 . 0 0 0 21
Total )

(site-years) 380 185 56 g 26 656
Percent 6f Sités

in Cohcentration 58 28 9 1 4

Range
*Any site-year which had all four quarters valid was included in the summary.

Source:

background. The stationary source-oriented sites clearly dominate the con-
centrations over Z,O,pg/ms; however, new siting guidelines, discussed below,
will probably effect some increase in the upper end of the distribution of
values from population-oriented sites by adding sites closer to traffic
emissions.

New guidelines for siting ambient air lead monitors went into effect in
July, 1981 (Federal Register, 1981). "Microscale" sites, placed between 5 and
15 meters from thoroughfares and 2 to 7 meters above the ground, are prescribed,
but until now few monitors have been located that close to heavily travelled
roadways. Many of these microscale sites might be expected to show higher
lead concentrations than those historically measured at urban sites. One
study (Pedco, 1981) does give limited insight into the relationship between a
microscale location and locations further from a roadway. The data in Table
7-11 summarize TSP and particulate lead concentrations in samples collected in
Cincinnati, Ohio, on 21 consecutive days in April and May, 1980, adjacent to a
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TABLE 7-11, SUMMARY OF LEAD CONCENTRATIONS NEAR A
ROADWAY* IN CINCINNATI, OHIO (Pedco, 1981)

a: Total Suspended Particulate Concentrations**, pg/m3

Distance from Roadway

Elevation 2.8m Z.1m 21.4 m
10.5 m: 95 104 106
6.3 m: 103 1191 109
1.lm 133 126 112
b: Lead Concentrations**,_pg/m3
- Distance from Roadway
Elevation 2.8 m 7.1m 21.4 m
10.5 m: 0.81 0.93 0.90
6.3 m: 0.96 - 1.07 0.97

Llm 1.33 1.16 1.01

*58,500 vehicles per day.
**pverages of 21 samples between 4/17/80 and 5/7/80.
iThis site would qualify as a "microscale” site.

58,500 vehicles~per-day expressway connector. Simple interpolation indicates
that a microscale monitor as close as 5 meters from the roadway and 2 meters
above the ground would record concentrations some 20 percent higher than those
at a "middle scale" site 21.4 meters from the roadway. On the other hand,
these PEDCO data also indicate that although lead concentrations very close to
the roadway (2.8m setback) are quite dependent on the height of the sampler,
the averages at the three selected heights converge rapidiy with increasing
distance from the roadway. In fact, the average lead for the one monijtor
(6.3m height, 7.1m setback) that satisfies the microscale site definition
proves to be not significantly different from the averages for its two com-
panions at 7.1m, or from the averages for any of the three monitors at the
21.4m setback.

Other urban locations around the country with their own characteristic
wind flow patterns and complex settings, such as multiple roadways, may pro-
duce situations where the microscale site does not record the highest concen-
trations. Collectively, however, the addition of these microscale sites to
PB7/A 7-26 12-15-82
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the nation's networks can be expected to shift the distribution of reported
quarterly averages toward higher values. This shift will result from the
change in composition of the networks and is a separate phenomenon from downward
trend at long established sites described above, reflecting the decrease in
lead additives used in gasoline,

7.2.1.2 Airborne Partic]e.Size‘Distributions--The effects of airborne lead on
human health and welfare depend upon the sizes of the lead-containing particles.
As discussed in Chapter 6, large particles are removed relatively quickly from
the atmosphere by dry and wet deposition processes. Such particles are also
unlikely to reach the Tower human repiratory system when inhaled, because of
entrapment by the cilia and walls of the upper respiratory tract. Particles
with diameter smaller than a few micrometers.tend to remain airborne for 1ong
time periods, and penetrate into the lower lung.

Figure 7-2 summarizes airborne lead size data from the literature.
Minimum and maximum aerodynamic particle diameters of 0.05 pm and 25 pm,
respectively, have been assumed unless otherwise specified in the original
reference. Note that most of the airborne lead mass is associated with small
particles. There is also a distinct peak in the upper end of many of the
distributions., Two separate categories of sources are responsible: the small
particles result from nucleation of vapor phase lead emissions (predominantly
automotive), while the larger particles represent primary aerosol emitted from
combustion or from mechanical processes (such as soil erpsion, abrasion of
metal products, resuspension of automobile tailpipe deposits, and flaking
paint).

Table 7-13 presents information associated with each of the distributions
of Figure 7-2. The first six distributions were obtained by an EPA cascade
impactor network established in several cities during the calendar year 1970
(Lee et al., 1972). These distributions represent the most extensive size
distribution data base available. However, the impactors were operated at
excessive air flow rates most likely resulting in particle bounceoff, biasing
the data toward smaller particles (Dzubay et al., 1976). Many of the later
distributions, although obtained by independent investigators with unknown
quality control, were collected using techniques which minimize particle
bounceoff and hence may be more reliable.

It is important to note that a few of the distributions were obtained
without backup filters to capture the smallest particles. These distributions
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Figure 7-2. Airborne mass size distributions for lead taken from the literature. AC represents
the airborne lead concentration in each size range, Cy Is the total airborne lead concentra-
tion in all size ranges, and dy is the aerodynamic particle diameter. A density of 6 glcm® for
lead-containing particles has been used to convert aerodynamic to physical diameter when
applying the lower end of the lung deposition curves of Figures 7-3 through 7-5.

PB7/A

7-28

12-15-82
TEH 0530414

DUP050031327




P

e T8 e spe

e e ]

RIS S TP/ S SR IR SS G TS SRS

-

.

Gir0es0 H3Ll

N
spotsod Bupidues M
481( L4 €2 30 [P303 ‘T ydeuay 3
dnyoeq yitm Jojoedul se Puibedane auweg N
er 0 €1 UIsJapuy paliipod *2@ ‘uojbuiysep 06T 93¢ - ‘uel 2L6T “"Le 302 997 9
spotdad Buyduwes
Jagitl 22 30 12301 ‘T ydean
dmjoeq y3im ao3oedii: se Puibesare aues
69°0 8°1 uasJapuy patilpon tanossty ‘sinol *3s 06T °99Q - ‘uef 2L6T ‘°Le 39 997 S
spotaad Buidwes
4931 L4 0z 40 (B30} ‘T ydedp
dnmyjoeq yilm Jojordut elLueA|Asuudd se Bupbedoane sues
o 91 uasJdapuy paijipoj ‘eryd|ape} tyd 06T 390 - "4BW 2L6T °'Le 33 897 ¥
spoidad Butjdues 1z
Jo3 Ly 40 12303 ‘T ydeay
dnyoeq yiim uojoedut se Buibedssne aues
0s°0 8T uasJspuy poLiLpoy 0peJ0{0) ‘4aAUd(Q 046T "39Q - ‘uep ZL6T “*1e 19 99 € o
spotdad Buijdues ~
493|L} 8T 40 |e303 ‘T ydedp
dnjoeq yila aojoedul : se buibedane suwes
8k°0 8T Uas.49puy patjLpol 0Lyp ‘tyeuuldsut) 0L6T "28(Q - "JBl ZL6T ‘L 3@ 997 e
yoea sanoy +g
40 spoidad Hutidwes T2
Jo {e301 e Buiiuasaadad
NEL TR ‘sa|dues pajtsodwod
dmjoeq y3tm a03oeduiL Kl4934enb ¢ jo afieasany
89°0 ¢t uas.tapuy DILiLPOW SLout{[I ‘obedaiyy 0L6T 990 - ‘uep 2461 °°le 19 @91 T
wet Qi ms\mm 42} duwes jo adi} mcwaasmm 10 UoL3e007 acw—asmm jo wmpmm, wupw;w%mz | ON
‘xouddy Fu ydeay
—t ¢
~
[an]
*2~L JUNOI4 40 SNOILNGIYLSIC 3ZIS QYIT INYOSQYIV JHL HLIM QILVIJOSSY NOILVWYOINI "2T-L J18vl o

14v30 AYUNINIT3Yd

DUP050031328




493114 dnyoeq ou

51n07 3§
JEdU eddR [BLAYISHPUL

yoea sAep g afedane
‘suna { JO dbeudry

8'T L2°0 ‘ao3oeduil uastapuy ‘SLOULLLT “4aALY POOM GL6T Aduung 9/6T ‘uapod 1ds
SLhO7 *35 40 yoea sAep 5 sbedane
4911k dmyoeq yitm  puimdn *sSLoutll “dued ‘suna g jo obedsay
160 610 - Jojoedul UIsSAIPUY 93e3S 213onbuey adad ZL6T J8uung 9/6T ‘uapad €I
SLNOT *3S JBBU
BAJE |BLAJSNPUL yoea sAep 9 abedase
J93114 dnyoRg Yilm ‘SLoutf)] ‘wajllw ‘suna g Jo obedaay
€70 09°0 J033edutl UISLepuy -Sued OLPBA XOWN £/61 Jauung 9/6T ‘uspdd 21
sinot 1S yaes shAep g obeddse
483114 dmjoeq yjim JBIU BOUE {RLAFSNPUL ‘suna gz Jo abedaay
¥2 0 1970 Jojoedul udsJdspuy  SLOULLLT ‘@L{LASULL}0] €61 Jaumng 9/6T ‘uapdd 11
Jaj|ous yoea sAep (T obedone
Jd31LL) dmyoeq yiim JULZ B JO puimumop ‘suna ¢ Jo obedsay
0 2970 dojoedut Uaskapuy  ‘SLOULELT ‘9L LAR4UD) 2/61 Joumng 9/6T ‘uapad 0T
_sLhoT 18 yoea sAep g abedore
493ty dnyoeq ou JBau BdJe {BLAISAPUL ‘sund ¢ jo abeasay
12 ¥2°0 ‘40joedull USSUIpUY ‘stout{ll ‘uolLy GL6T Jduung 9.6T ‘uapad 6
puncab ayj3 aAoge . yoea sAep ¥
wz°T ‘4a3|iy dmyoeq L3RUULDUL) JO gangns suhd € jo ofieuany
¢t o 69°0 Y3im dojordul uasdepuy ‘oLyp ‘xejuarey £96T Adenuagay 8961 “°l® 33 39 8
punoub 8yy aAoGe yoes suanoy 42
Wz 1T ‘4a3|t) dmyoeq ‘suna T jo abeuaay
62°0 8'2  UY3lm Jo3oedul uasuspuy oLyp ‘LyeuuLduL) 9961 4aquagdag 8961 ‘°l® 1@ 991 L
wrl O ms\ma Jodues Jo adAj bup{dwes jo uoijedany puLiduwes jo sajeq 30UBADLIY ON
-xouddy 19 ydeay

*(ponuL3uod) 21-L 318vVL

14¥4G AYUNIWITIId

12-15-82

7-30

PB7/A

TeH 08320416

DUPO050031329




i nedeas

B L L T N

e s et S

2€°0

0s°0

6v°0

S€°0

ve

1S°0

€0

0°¢1

65°0

¥8°0

U N D
& N

It°o

o't

punoab ayj} aaoqe wz eludojile) ‘saiabuy so)

‘493l dnydeq Yiim
J0joedul uasaapuy

Jojoedwi uaabpuni

J9311) dnyoeq yiim
J0y0edut UdsJA3puUy

Jai{ty dmjoeq
y3im J030edwi apedse)

punouaB ay3 aaoqe wy T
‘493114 dmyjoeq ou
‘40730edwl UIsSLBPUY

punoab ayy aaoqe ws°T
‘4aiL L4 dmyoeq ou
‘x03oeduL udssspuy

punoub syl aAoge wgg

‘4agLly dnyoeq yiim
J03oedul ejlase)

493t dmjoeq y3im
Jdodedust udISLIpuUy

UMOJUMOp JB3U AeMdadd
rvuapesed Jo 13aplnoys

BLUJOLLIR) ‘BplS4dALY

eaJe 0d2sidouedy ues
qnhoybnoayy sa81is g

AasJuap MaN

“YILMSUNLY MAN

‘T a3noy °S°n wody WPES
pue ‘g/ ‘p :S93LS €

LT ydeuay jo ud)|auws

peai 9yl woudy Upf G/
* LANOSS LY 3588YIN0S

J91{3us
peaj e wodaj wpQg
fLANOSS LY 3Seayinos

pue|jods ‘mobselp

oLyg ‘tleuulduly ‘gL
8]18]SJ4dJUT WoLj WOOEE
pue Q0¥‘0T :S93Ls €

S4noy g JO una auQ
€461 Aey

yoea suanoy 91
‘suna g1 jo abeuaay

896T JIQWIAON

sAep ¢ 4o und 3aug
1L6T ALne

pois4ad yjuow-g
ue J9A0 SunJ YOIM-T
snohuijauoed jo abeuaaay

8961

yoea sAep 4T

‘suna ¢ jo abeusay
2/6T Jawwns
‘Butads ‘uadquim

yoea sAep /7

‘sund ¢ jo abeussay
2/6T 4duwwns
‘Butads ‘uajuim

m»wv GI 30 una 3uQ
Gl6T sunp

yoeo sAep ¢
‘sund [euoass jo sbeusar

896T Liuady

SL61
‘cle 13 4WNILZ3uUny

0261 *uaabpun]

€L61
fr1e 39 sudjdey

0/61
‘+pe 39 sauleg

9/6T ‘°l® 32 udog

9L6T ‘LB I8 udog

6L6T “uedung
pue p{euoqon

8961

‘-Le 32 jejoyd

44

|24

174

61

8T

LT

91

ST

wrl QWA
*xouaddy

Jojdues jo adi)

Bugidwes jo uoLyesol

Buidwes jo sajeg

ELITEREIEY

ON
ydedy

(panuijuod) 21-/ I18YL

14v40 AYYNIWIN3Ad

12-15-82
TEH 0530417

DUP050031330

7-31

PB7/A




punoub ay3
aroge wg T ‘4dRLly
dnyoeq yjim Jdojoedut

153404 {euUoLIeN 30yduid
PU0JLLY UL 2315 [EUNd

S4n0Y $§ JO und 3ug

2861 ‘uospiAeq

or°0 910°0 uasaapuy patiLlpon uojbuLysem ‘poomyoeqd 0861 ALnr pue pjood 6¢
punoub ay3y
anoqe wZ°'T ‘sS4l Ly ybungsiiLg jo 3se?
dmyoeq yjim saojdedul W 0p 93LS [eand sanoy 2/ JO una dug 2861 ‘uospiaeq
1 0 U3sUBpUY PaLILPON ¢ eruea|Asuudd ‘qJodx3 0861 aung pue plooY 82
punoab 8y3
anoge wZ T ‘433l
dnyoeq yjim so3oedu WZ96E °"AI[D sdnOY ZG 4O una aug qI861
#6570 YI00°0 uas4opuy paliipoy sedeewty (edoN 6.61 49quadag ‘*le 33 uosplAeg L
punoub
ay) aAoge wp ‘wd|ll yoes suanoy g
dnyoeq 4iLm s012edul elueA] ASUlag ‘suna g jJo abedany eI86T
9570 09°0 uasJdapuy paijtpoy w:auzamuamm 6/6T "das-ALnp ‘*{e 39 uospLAeq 9
punodb 3y}
aaoqe wz [ ‘sadrily Wy202 A3[d ‘yued
dnyoeq y3im saojoedwl  [euoLjeN Ssalyows eduy sanoy 9ZI J0 und augp 08s6T
01 $10°0 U3sdapuy paLjLpoy ¢ swoq s,uewbul|) 66T 4240320 ‘*le 33 uospiarq 114
Buipfing K403s
t 4O jOO4 uo JBYLLY yoea sanoy 19
dnyoeq yjim J03oedut ‘suna z jo abeuadAy
L6°0 ¢'1 uasaapuy patjLpol eiudopiie) ‘euapesed GL6T ALnp pue Aey LLBT ‘uospiaeq - ¥
Buip| tng
£403S ¢ 40 joos uo
‘4a3L L) dnyoeq yiim sAep 9 jo una aug SL6T
2.0 G°¢ Jojoedur UIsAapuy pLUXO)L{R] ‘eudpesed 16T AuBnugad ‘' 39 4ILZIUNY £z
wrl Qi me\m; Ja|dwes jo adA} fui |dwes jo uoLied0] buy|duwes jo sajeq CRIENEIE)] ON
*xoaddy hu :ammw

*(penuijuod) gI-/ 318vL

13V40 AYYNIWITINd

12-15-82
TEH 0530418

DUP050031331

7-32

PB7/A




.

1 e Lo s Y

Nione it wnn Jhiimn e

M R R e o T T LB S

6Ly0€50 HIL

5004
puLpLthq uo ‘4ails yoea 4y pg§ obeasae o~
dndioeg ou ‘aojoeduit epLaoty ‘sund GT 40 abeuaay 9761 @
29°0 ¥2°0 adAy-a||933eg UoL|ag ‘dasseyeile] UL SIS g €161 ALnp-sunp  °|e 3@ uossueyop PRS-
3
yoea sanoy 2 ~
Jo%1L4 dmyoeq ‘suna ¢ jo abeuaay ZL6T ‘4d3SAYDULM
A ] 170 Y3im Jojoedul uasdapuy B)SRUGAN ‘U{OdUL] 8961 °120 pue 81181119 9¢
yoea sanoy g
4931 L4 dmyoeq ‘suna QT Jo abeuaay 2/6T S4931S9YsuLM
6€°0 6°T  Y3lm Jojdedut ussudpuy stout]l] ‘obeatyd 8961 “dag-Aey PuE ®333L[1Y S¢
yora sunoy 42
4931t} dnyoeq ‘sund GT J0 obedaay ZL6T ADISAYOULM
82°0 ¢80 Y31M JojoRdul UISUIPUY uebLysLi ‘dogay uuy 896T 320 pue a3313i{Ld e
punoub
ay3 dAoqe wgz ‘wariil yoea sanoy g
dnyoeq yitm sojoedut ‘suna Tz Jo abeuany T1.6T
91°0 8'T uosuopuy paliipon uefLysLy ‘Joquy uuy 896T Liudy ‘*1e 19 UOSLJ4JBY €€ =
o
punoub ~
aY) noqe wpz ‘49[td
dnyoeq y3im aojoedul . epnui4ag 54004 67 40 und 9uQ 9/6T
£v°0 14000 aunjoA-ybLy eduals 40 35B0D 3SBIAYINOS GLET ALne ‘-te 39 aang 2¢
punoub
3yl anoge wpZ ‘49t
dnyorq y3im so03dedut ephuaag sanoy ZIT 40 unua aug 9/61
570 5800 °0 aunjoa-ybiry esaats 40 3se0D 3SPAYINOS G/6T aunp-Ael ‘-le 3@ aong ¢
punoub 8yl
3A0Qe WGT ‘U4d1lid wWpOST 'ASLa jYued
dnyoeq yjim aojoedul LeuoLyeN ordukip SanoY 26 40 und g 2861 ‘uospiae(
L870 ¥200°0 uesJdapuy paLiLpoy abptLy auedlduny 0861 “bny-Ainp pue pjooh 0c
wrl QW .ms\m; 49| dwes vo waxw, Bug|dwes jo uoryeao Butpdwes jo sajeq 20UdOUD JOY ozw <
“xoaddy 1y ydeag &

‘(panuLluod) zr-£ 318YL

1440 AYYNIWIFYd

)

DUP050031332




S

02v0£S0 H3L

“9|Ge|LBAR 30U SUOLIBAJUBIU0D 40deduw] “spotded
awLy quadasytp Bulunp ing ‘u03oedwi BY3 SB SIILS SWES BYJ I8 UNU SASY|LJ 40J SUOLIBAIUDIUOD BULOGULYy

RS RN

i s B SNSRI B A e staened s b

R W

s

Buiping Auo3s GT

JO 004 U0 “ud3| L4 yoea yaom 1
dnyoeg yjim waysAs ‘sund { Jo afiedany 6/6T ‘uyey
+¥9°0 rAa buydwes auo}ah) K310 Y404 MON 9/61 "bny pue uidjsuaag ot
punoub ay3z yoeo yjuow T
anoge wg T ‘4ay| iy dmydeq ‘sund ¢ jo. abeuaaay 161
L0 €2°0 YIim d03oedut udsUspuy pueibug ‘soueqoauj g6l ‘Bny-Ael  “°|e 38 uepualleg 6¢
punoab ayy
aroge wg T ‘4d%|ly dnyjoeq 6T
L5°0 910 Y3im 4030edwL UsSJ4IPUY pue|buz “uoyiLy) £/6T °09Q-ALnp ¢+{e 39 asme) 8¢
url QWw mE\m: Jojdwes jo adAy Buijdwes jo uoiyeso Buydues jo mn»mc ;..mgcmgmumz | oN
*xodddy hu ) ydeuan

*(panuLjuod) ZI-£ J1GvVL

14V40 AYYNIWIT3Yd

12-15-82
DUP050031333

7-34

PRT/A




#€£€1£00S04NA
LICr0ESO H3L

v/(8d

Ge-L

28-61-21

DEPOSITION

0.9

0.8

0.7

086

05

03
02

0.1

-

1.0~

04

o

e s e YU (1978)

| R EERERE R 1T 17711

- SOURCE TIDAL VOL, RES. RATE,
) ‘mi b/min

O STAHLHOFEN et ai. {1530} 1500 15
- O STAHLHOFEN et al, (1981 1000 7.5
' O ALTSHULER et al. {1967} 500 15

® GEORGE & BRESLIN (1967) 760 1"
. A SHANTY {1974) 1140 18

® LIPPMAN & ALBERT (1969} 1400 14

@ CHAN & LIPPMAN (1980} 1000 14

*USED MMD FOR D< 0.5 lim

[N R |11t L 11 b

0.01

0.02 0.03 0.05 008 0.1 6.2 03 0.5 0.8 1.0 20 30 5.0

PHYSICAL DIAMETER, fm t—— AERODYNAMIC DIAMETER, pm

Figure 7-3. Deposition of monodisperse aerosols in the pulmonary region for mouth
breathmg as a function of aerodynamic diameter, except below 0.5 um where deposi-
tion is plotted vs. physical diameter. The eye-fit band envelops deposition data cited
by the different investigators. The dashed line is the theoretical deposition model of
Yu {1978) and the broken line is the estimate of pulmonary deposition for nose

breathing derived by Lippmann {1977).
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PRELIMINARY DRAFT

are 1ikely to be inaccurate, since an appreciable fraction of the airborne
Tead mass was probably not sampled.

The distributions of Figure 7-2 have been used with published lung deposition
data to estimate the fraction of inhaled airborne lead deposited in the human
respiratory system. Figures 7-3 through 7-5, showing lung deposition as a
function of particle size, have been taken from the EPA document Air Quality
Criteria for Particulate Matter and Sulfur Oxides. Results of this calculation
are shown in Table 7-13. Note that a significant fraction of lead can reach
the pulmonary region where transfer to the bloodstream occurs. The observéd
deposition fractions are consistent with the results of lead isotope studies,
showing appreciable transfer of inhaled lead into the blood (Chapter 10).
7.2.1.3 Vertical Gradients of Lead in the Atmosphere--Few studies have been
conducted to determine the variation of lead concentration with height above
the ground. Of those that were found, all contain the premise, either explicitly
or implicitly, that the concentrations being studied derive principally from
automotive emissions. Of the studies found in the literature, none were
adequately designed to establish the lead concentration versus height relationship.
Such a study would require simultaneous measurement (preferably continuous) at
given height intervals over a long period of time (a minimum of one year).

Even then, the results would be valid only for a location having the same character-
istics and experiencing the same atmospheric conditions. A single set of
concentration values obtained over short and variable time intervals is not
sufficient to draw conclusions regarding general exposure conditions.

Edwards (1975) has reported measurements made in downtown Ft. Collins,
Colorado. Measurements were made in a street canyon formed by two and three
story buildings (average height 9 m). With a 2.3 m/sec wind from the northeast
(street running north-south), lead concentrations along the east side of the
street canyon ranged from 11.3 pg/m3 at street level to 4.0 pg/m3 at roof
level. On the west side of the street, concentrations ranged from 0.9 pg/m3
at street level to 1.3 pg/m3 at roof level. Values for two additional sampling
points above the rooftops on each side of the street were 0.4 (east side) and
0.9 pg/m3 (west side). Lead concentrations 2 to 5 blocks away ranged from 0.1
to 0.3 pg/m”. These data reflect the wide variability that can be expected in
urban traffic environments. Under moderate cross-wind conditions, concentrations
within the canyon were stringly anisotropic, and street-level concentrations
along the upwind building faces were substantially higher than those along the
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PRELIMINARY DRAFT

TABLE 7-13, FRACTION OF INHALED AIRBORNE LEAD DEPOSITED
IN EACH COMPARTMENT OF THE HUMAN RESPIRATORY SYSTEM*

Range Arithmetic Average and Standard Deviation

Pulmonary Min. 0.08 -~ 0.16 0.11 + 0.016

Max. 0.21 ~ 0.35 0.26 £ 0.031

Tracheobronchial 0.05 ~ 0.40 0.16 £ 0.075

Extrathoracic 0.03 -~ 0.23 0.09 % 0.048
Total (based on
max. puimonary

~ 0.94 0.51 % 0.13

deposixion 0.30

*Based on the size distributions of Figure 7-2 and the deposition curves of
Figures 7-3 through 7-5.

downwind faces. With different wind regimes, building configurations, and
stability conditions, the distribution of concentrations would also be different.

~ Barltrop and Strehlow {1976) conducted an air sampling program at a
proposed nursery site under an elevated motorway. The height of the motorway
was 9.3 meters. Air samplers were operated at five to seven sites during the period
from Monday to Friday, 8 AM to 6 PM, for one year. The maximum individua)
value observed was 18 pg/ms‘ The 12 month mean ranged from 1.51 pg/m3'to 1.35
.pg/m3, with standard deviations of 0.91 and 0.66, respectively. The authors
reported that the airborne concentrations were independent of height from
ground level up to 7 meters.

Pedco-Environmental (1977) measured lead concentrations at heights of 5
and 20 feet at sites in Kansas City, Missouri and Cincinnati, Ohio. The sampling
sites in Kansas City were described as unsheltered, unbiased by local pollution
influences, and not immediately surrounded by large buildings. The Cincinnati
study area was located in a primarily residential area with one commercial
street. Samplers were operated for 24-hour periods from 8 AM to 8 AM, but a
few 12-hour samples were collected from 8 AM to 8 PM. Data were obtained in
Kansas City on 35 days and in Cincinnati on 33 days. The range and average

PB7/A 7-39 : , 12-15-82

TEH 0530425

DUP050031338




bt G e R K S e e Ve KB AR T S SN S0 o M0 Tt e e Vg 4 s e e

PRELIMINARY DRAFT

values reported are shown in Table 7-14. In all cases except two, the measured
concentrations were greater at 5 feet than at 20 feet. Note that the difference
between the east side and west side of the street was approximately the same

as the difference between 5 feet and 20 feet in height.

Ter Haar (1979) measured airborne lead at several heights above the ground,
using samplers positioned 6 m from a heavily traveled road in Detroit. A
total of nine 8-hour daytime samples were collected. The overall average
airborne Tead concentrations at heights of 0.3, 0.9, 1.5, and 3.0 m were 4.2,
4.8, 4.7, and 4.6 pg/m3, respectively, indicating a uniform concentration over
this range of heights at the measurement site. It should be noted that at any
one height, the concentration varied by as much as a factor of 10 from one day
to the next; the importance of simultaneous sampling when attempting to measure
gradients is clearly demonstrated.

Sinn (1980) investigated airborne lead concentrations at heights of 3 and
20 m above a road in Frankfurt, Germany. Measurements conducted in December
1975, December 1976, and January 1978 gave monthly mean values of 3.18, 1.04,
and 0.66 pg/m3, respectively, at 3 m. The corresponding values at 20 m were
0.59, 0.38, and 0.31 pg/m3, showing a substantial reduction at this height.
The decrease in concentration over the 2-year period was attributed to a
decrease in the permissible lead content of gasoline from 0.4 to 0.15 g/liter
beginning in January 1976.

TABLE 7-14. AIRBORNE LEAD CONCENTRATIONS AT 5- AND 20-FT ELEVATIONS ABOVE
STREET LEVEL (PEDCO ENVIRONMENTAL, 1977)

(ug/m°)
Averages

East side of street West side of street
Location Range 20 ft. 5 ft. Diff. 20 ft. 5 ft. Diff.
Kansas City 0.8 - 4.0 1.7 2.0 0.3 1.5 1.7 0.2
Cincinpati 0.1 - 4.6 0.9 1.4 0.5 0.6 0.8 0.2
3side of street.
bHeight above street level.
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These data reflect the strong influence of the geometry of the boundary
layer, wind, and atmospheric stability conditions on the vertical gradient of
lead resulting from automobile emissions. The variability of concentration
with height is further complicated by elevated emissions (i.e., from stacks).
Concentrations measured from sampling stations on the roofs of buildings
several stories high may not reflect actual human exposure conditions, but
neither would a single sampling station located at ground level in a building
complex. The height variation in concentration resulting from vertical diffusion
of automobile emissions is likely to be small compared to temporal and spatial
variations resulting from surface geometry, wind, and atmospheric conditions.
Our understanding of the complex factors affecting the vertical distribution
of airborne lead is extremely limited. '

7.2.2 Soil

Lead concentrations in soil at a depth of 20 cm range from less than 10
to greater than 70 pg/g (Shacklett et al., 1971). The arithmetic mean of 20
and geometric mean of 16 pg/g reflects the fact that most of the 863 samples
were below 30 pg/g at this depth. The study was designed to determine the
elemental composition of soil materials derived from the earth's crust, not
the atomosphere. The range of values probably represent natural levels of
lead in soil, although there may have been some contamination with anthro-
pogenic Tead during collectiocn and handling. McKeague and Wolyneta (1980)
found the same arithmetic (20 pg/g) for 53 uncultivated Canadian soils.
The range was 5 to 50 pg/g and there was no differences with depth between the
A, B and C horizons in the soil profile. '

Studies discussed in Chapter 6 have determined that atmospheric lead is
retained in the upper two centimeters of undisturbed soil, especially soils
with at least 5% organic matter and a pH of 5 or above. There has been no
general survey of this upper 2 cm of the soil surface in the United States,
but several studies of soil lead near roadsides and smelters and a few studies
of soil lead near old houses with leadbased paint can provide the backgound
information for determining potential human exposures to lead from soil,

Because lead is immobilized by the organic component of soil (Chapter 6),
the concentraticn of anthropogenic leac in the upper 2 cm is determined by the
flux of atmospheric lead to the soil surface. Near roadsides and smelters,
this flux is largely by dry deposition and the rate depends on particle size
and concentration. These factors vary with traffic density and average vehicle
speed. (Chapter 6). In general, deposition flux drops off abruptly with
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jncreasing distance from the roadway. This effect is demonstrated in studies
which show surfacesoil lead decreases exponentially up to 25 m from the edge
of the road. The original work of Quarles et al (1974) showed decreases in
s0i1 lead from 550 pg/g within 25 m along side a highway with 12,500 vehicles/
day in Virginia. ‘Their findings were confirmed by Wheeler and Rolfe (1979),
who observed an exponential decrease linearly correlated with traffic volume.
Agrawal et al (1981) found similar correlations between traffic density and
roadside proximity in Baroda City, as did Garcia-Miragaya et al (1980) in
Venzuela and Wong and Tam (1978) in Hong Kong. The extensive study of Little
and Wiffen (1978) is discussed in Chapter 6; these authors found additional
relationships between particle size and roadside proximity and decreases with
depth in the soild profile. The general conclusion from these studies is that
roadside soils may contain atmospheric lead from 30 to 2000 ug/g in excess of
natural levels within 25 meters of the roadbed, all in the upper layer of the
\ soil profile.

Near primary and secondary smelters, Tead in soil decreases exponentially
within a 5 to 10 km zone ground the smelter complex. Soil lead contamination
varies with the smelter emission rate, length of time the smelter has been in
operation, prevailing windspeed and direction, regional climatic conditions
and Tocal topography (Roberts, 1976). '

Little and Martin (1972) observed decreases from 125 to 10 ug/g in a 6 km
zone around a smelting complex in Great Britain, and all of the excess lead in
the upper 6 cm of the soil profile. Roberts (1976) reported soil lead between
15,000 and 20,000 near a smelter in Toronto. Kerin (1976) found 5,000 to
9,000 ug/g adjacent to a Yugoslavian smelter; the contamination zone was 7 km
in radius. Ragaini et al. (1977) observed 7900 pg/g near a smelter in Kellogg,
Idaho; they also observed a 100-fold decrease with depth doax to 20 cm in the
soil profile. Palmer and Lucera (1980) observed soil lead in excess of 60,000
pg/g near two smelters in Missouri, decreasing to 10 pg/g at 10 km.

Urban soils may be contaminated from a variety of atmospheric and non-
atmospheric sources. The major sources of soil lead seem to be paint chips
from older houses and deposition from nearby highways. Lead in soil adjacent
to a house decreased with distance; this may be due to paint chips or to dust
of atmospheric origin washing from the rooftop (Wheeler and Rolfe, 1979).
Davies (1978) and Davies et al. (1979) have described the effect of soil lead
contaminations in urban gardens in London. Soils ranged from 10 to 2600 ug/g;
lead in radishes was 50-fold higher in the contaminated soil. This relation-
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ship between soil and plant lead is discussed further in Section 7.2.4 and in
Chapter 8.

Andresen et al (1980) reported lead in the litter layer of 51 forest
soils in the northeastern United States. They found values from 20 to 700
ug/g, which can be compared only qualitatively to the soil lead concentration
cited above. This study clearly shows that the major pathway of lead to the
soil is by the decomposition of plant material containing high'c0ncentré£;353
of atmospheric lead, o - |

Finally, a definitive study which describes the source of soil lead was
reported by Gulson et al (1981) for soils in the vicinity of Adelaide, South
Australia. In an urban to rural transect, stable lead isotopes were measured
in the top 10 cm of soils over a 50 km distance. By their dsotopic composi-
tions, three sources of lead were identified: natural, non-automotive industrial
lead from Australia, and tetraethyl lead manufactured in the United States.
The results indicated most of the soil surface lead originated from leaded
imi tudies have en_conducted in the United States.

gasoline. §imi
7.2.3. Dusts
}2) Dusts are solid aerosol particles which are usually produced by the
G{ disintegration of larger particles (Friedlander, 1977). They should be dis-
tinguished from soil, which is complex mixture of organic and inorganic substances
of varied origin. Exposed surface soil may become airborne during wind
erosion, at which time it becomes dust. Other sources of dust may be auto-
motive exhausts, industrial stack emissions and fugitive dust from manufac-
turing processes. Dusts of importance to potential human exposure are roadway
dusts which may wash or settle into adjacent play areas, manufacturing dusts
which may be carried home on the clothing of workers, and household dusts
which accummutlate on windowsills and other flat surfaces 1ikely to contact the
hands and mouths of small children.
Nriagu (1978) reviewed several studies of lead in street dust, including
a report by Kaye and Reznikoff (1947) that lead in New York City street dust
was 1200 pg/g in 1924 before the use of lead additives in gasoline. The
source of lead was probably flue dust from burning coal. Warren et al. (1971)
reported lead in street dust of 20,000 ug/g in a heavily traffiked area. In
the review by Nriagu (1978), street dust lead concentrations ranged from 300
to 18,000 pg/g in several cities in the United States. In Hong Kong, lead in
street dust ranged from 960 to 7400 pg/g with no direct relationship to traffic
volume (Ho, 1979). In other reports from Hong Kong, Lau and Wong (1982) found
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values from 130 ug/g at 20 vehicles/day to 3900 pg/g at 37,000 vehicles/day.
Fourteen sites in this study showed close correlation with traffic density.

In the United Kingdom, lead in urban and rural street dusts was determined
to be 970 and 85 pg/g, respectively, by Day et al. (1975). A later report by
this group (Day et al., 1979) discusses the persistency of lead dusts in
rainwashed areas of Great Britain and New Zealand and the potential health
hazard due to ingestion by children. They concluded that, whereas the acidity
of rain was insufficient to dissolve and transport lead particles, the potential
health hazard lies with the ingestion of these particles during the normal
play activities of children residing near these areas. A child playing at a
playground near a roadside might consume 20 to 200 pg Pb while eating a single
piece of candy with unwashed hands. ‘

Lead in manufacturing dusts varies greatly with the type of industry.
There are two types, stack emissions which are dispersed locally or regionally,
and fugitive dusts which are usually confined at or near the working environ-
ment. Occupational exposure to manufacturing dusts are discussed in Section
7.3.6. Of interest here is the contribution of industrial dusts on workers'
clothing to the household environment.

Pust is a normal component of the home environment. It accumulates on
all upfacing surfaces, especially furniture, rugs and windowsills. For reasons
of hygiene and respiratory heaith, most homemakers devote much time and money
toward removing this dust from the household. Because there are at least two
circumstances where these measures are inadequate, it is important to consider
the possible concentration of lead in these dusts in order to determine potential
exposure to young children. First, some households do not practice regular
dust removal, and secondly, in some households, of workers exposed occupationally
to lead dusts, the worker may carry dust home, '

In Omaha, Nebraska, Angle and McIntire (1979) found lead in household
dust ranged from 18 to 5600 pg/g. In Lancaster, England, a region of low
industrial lead emissions, Harrison (1979) found household dust ranged from
510 to 970 with a mean of 720 ug/g. They observed soil particles (10200 um),
carpet and clothing fibers, animal and human hairs, food particles, and an
occasional chip of paint. The previous Air Quality Criteria for Lead document
(U.S. Environmental Protection Agency, 1977) summarized earlier reports of
Tead in household dust showing residential surburban areas range from 280 to
1500 pg Pb/g, urban residential from 600 to 2000 pg/g, urban industrial from
900 to 16,000. In E1 Paso, Texas, household dust ranged from 2800 to 100,000
Hg/g within 2 kn of a smelter (Landrigan et al. 1975).
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7.2.4 Vegetation
Lead in vegetation may be atmospheric on the surface or a combination of

atmospheric and soil in the internal tissues. The mechanisms for the dry
deposition of aerosol particles directly to vegetation surfaces are discussed
in Chapter 6 and the mechanisms for the transfer of lead from soil to roots
are discussed in Chapter 8. Of interest here are lead concentrations in
roadside and urban vegetation which may affect potential human exposures.

As with soils, lead on vegetation surfaces decreases exponentially with
distance away from roadsides and smelters (Cannon and Bowles, 1962; see also
Chapter 8). This lead is persistent. It is neither washed off by rain nor
taken up through the leaf surface. For many years, plant surfaces have been
used as as indcators of lead pollution (Garty and Fuchs, 1982; Pilegaard,
1978; Ratcliffe, 1975; Ruhling and Tyler, 1969; Tanaka and Ichikuni, 1982) and
in some cases for the exploration of lead (Brooks et al., 1979). These data
all show that lead on the surface of leaves and park is proportional to traffic
density and distance from the highway, which are the primary determinants of
air lead concentrations and particle size, distrubutions. Other factors such
as suyrface roughness, wind direction and speed are discussed in Chapter 6.
The data also show that lead in internal plant tissues is directly related to
lead in soil.

Lead in forage was found to exceed 950 pg/g within 25 m of roadsides by
Graham and Kalman (1974), with 25,000 or more vehicles per day. At lesser
volumes, 200 pg/g were found. These authors review other reports of 20 to 660
ug/g with the same same relationship to traffic volume and distance from the
road. A more recent study of Crump and Barlow (1982) showed the accumulation
of lead on forage is directly related to the deposition rate, which varied
seasonally according to traffic density. The deposition rate was measured
using the moss bag technique. Rain was not effective in removing lead from the
surface. ’

The effect of lead on edible crops was measured by Ter Haar (1970), who
showed that edible plant parts not exposed to air (potatoes, cron, carrots,
etc.) are not affected by atmospheric concentrations of lead. Leafy vegetables
are. In edible parts, such as corn husks, wheat and oat chaff and soybean
hulls were also contaminated. These results were confirmed by McLean and
Shields (1977), who found most of the lead on leaves and husks. The general
conclusion from these studies is that lead in food crops varies according to
exposure to the atmosphere and in proportion to the effort taken to separate
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husks, chaff and hulls from edible parts during processing for human or animal
consumption.

Near Smelters, Merry et al., (1981) found a pattern different from road-
side studies cited above. They observed that wheat crops contained lead in
proportion to the amount of soil lead, not surface contamination. A similar
effect was reported by Harris (1981).

7.3 POTENTIAL HUMAN EXPOSURES

The preceding section discussed ambient concentrations of Tead in the
environment, focusing on levels in the air, soil, and vegetation. The avajlable
data showed that lead levels in environmental media vary greatly, because of
natural variations as well as anthropogenic activities. In this section,
envirvonmental Jead concentrations are examined from the perspective of potential
exposures, Six categories of sources of exposure are considered: emissions
from mobile sources, emissions from stationary sources, dietary lead (food and
water), lead in manmade materials, lead in soil and dust, and occupational
exposures. '

7.3.1 Mobile Source Exposures

Several major studies have been undertaken to determine the lead levels
in the air and in settled dust near busy highways that are far from any statiopary
lead source.. Among the most intensive of these studies is the Los Angeles
Catalyst Study of 1974~1977, undertaken by EPA to measure the impact of the
catalytic converter on air quality near a major traffic lead source (USEPA,
1979).

Table 7-15 summarizes the average 4-hour and 24-hour airborne lead concen-
trations during the summer months (May-October). Note that concentrations
measured at sites upwind of the freeway are considerably smaller than Jevels
at downwind locations.

The data show a progressive decrease in airborne lead through 1974-1976,
followed by a substantial dncrease in 1977. The decrease is attributed to the
growing fraction of catalytic converter-equipped vehicles, which use unleaded
gasoline. The increase in 1977 is due to the opening of a new northbound
Jane; this resulted in an increase in traffic speed. Hirschler et al. (1957)

have shown that Tead emissions increase with traffic speed.

Ledolter et al. (1979) have used 1976-1977 data from the Los Angeles
catalyst study to develop a simple model for roadside airborne lead concentrations.
The model shows that concentrations are functions of traffic density, vehicle
speed, atmospheric stability, windspeed, and wind direction. The influence of
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TABLE 7-15. FOUR-HOUR AND 24-HOUR AIRBORNE LEAD
CONCENTRATIONS AT TWO ROADSIDE SITES IN THE
LOS ANGELES CATALYST STUDY, 1974-1977

_4-Hr Pb Concentratibhs>(3 b;ﬁ;it§ 7 b.m.)

‘ Standard Number of
Site Year(s) Mean Deviation ' Observations
1975 8.16 2.78 174
C 1976 6.77 2.25 166
1977 11.41 2.14 92
1974 5.64 1.29 151
1975 4.90 1.00 176
D 1976 4.40 0.96 166
1977 6.18 1.18 20
24-Hf'Pb_Concéntrations e
. Standard Number of
Site Year(s) Mean Deviation Observations
1974 8.19 1.83 143
1975 7.98 1.48 173
c 1976 7.00 1.60 i 166
13877 7.43 1.19 ) 74
1974 5.00 1.02 - 46
1975 4.19 1.01 57
D 1976 3.75 0.73 57
1977 4.16 0.70 63

Source: Ledolter et al. (1979)

the road on ambient airborne concentrations can be observed only for a short
downwind distance, due to rapid settling of large lead-containing particles as
well as dilution,

In a study conducted in London, England, Harrison et al. (1975) measured
ambient air levels of organic lead at urban sites. Concentrations of organic
lead ranging from 0,04 to 0.11 pg/m3 were found on streets of varying widths
and traffic flow. These values were 0.3 to 2.65 percent of the total airborne
lead. The level of organic lead inside a busy tunnel was 0.02 pg/m3 or 0.1
percent of the total airborne Tead. Not surprisingly, organic lead concentrations
measured at a busy service station ranged from 0.21 to 0.59 pg/m3, or 3.9 to
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9.7 percent of total airborne lead at that site. At a less busy service
station, the concentration of organic lead was 0.07 yg/m3, or 4.2 percent of
the total airborne lead.

Jansen et al. (1978) studied the influence of automotive lead emissions
on child lead exposure in Morton Grove, I1linois, a Chicago suburb. Annual
average airborne lead levels between November 1974 and October 1975 ranged
from 0.73 to 3.04 pg/m3,~with the greatest values measured near a heavily
traveled road. Soil lead levels were generally greater within 200 feet of the
road, compared with samples collected at greater distances. $imilarly, children
aged 1 to 12 years living within 200 feet of the road had greater blood lead
levels than children 1iving farther away. The greatest blood lead levels were
found in the youngest children, aged 1 to 3 years, who had lived all of their
Tives close to the road. The authors concluded that child blood lead Tevels
may have been influenced by ingestion of deposited automobile-emitted lead as
a result of hand-to-mouth activities.

Chamberlain et al. (1978)vsumma¥ized the results of several studies conducted
at Harwell Laboratories, England over the past decade, the overall objective
being to assess human exposure to lead emitted from mobile sources, Many of
the measurements were conducted near a highway carrying 90,000 vehicles per
day in London. S$ize distributions measured with an inertial ‘impactor, a
diffusion battery, a thermal precipitator, and a cascade centripeter showed
that most of the mass of automobile-emitted particles was submicron; nearly
all of the lead mass was also submicron. Airborne lead concentration measurements
and atmospheric d1spers1on calculations suggested that roadside lead levels
were about 2 pg/m for each 1000 vehicles/hour. For a traff)c flow of 1000
vehicles/hour, an airborne lead concentration exceeding 1 pg/m extended from
the curb to 15 m on either side of the road; the zone increased to 100 m on
either side for 4000 vehicles/hour. Deposition data for trays of washed grass
set beside the highway were used to calculate that about 10 percent of the
Jead emitted during steady cruise operations on a level highway was deposited
within 100 m of the voad. However, accounting for the lead content of soil
and vegetation near the highway since its opening in 1965, the authors concluded
that 40 percent of the lead emitted during 1965-1976 had deposited within 100
m. Even greater fractions of deposited lead could be expected in the vicinity
of stop-and-go traffic, rapid accelerations, or uphill grades. Additional data
from this study, covering intake and absorption of automobile-emitted Jead by
the human body, are discussed in Chapter 12.
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Harrison (1979) measured the lead content of street dust in Lancaster,
England. Results are shown in Table 7-16, Note that the lead content of the
dust is greatest in areas of high traffic density. In contrast, Day et al.
(1975) measured relatively uniform lead concentrations in dust throughout the
city of Manchester, England. Harrison (1979) hypothesized that because Manchester
is heavily industrialized, stationary source emissions may be more important
than vehicular emissions in determining lead levels there; the influence of
mobile sources may be more pronounced in a nonindustrial city such as Lancaster.

TABLE 7-16. LEAD CONCENTRATIONS IN STREET DUST IN
LANCASTER, ENGLAND

‘No..bf | vRahgé of | Standard

Site samples concentrations Mean deviation
Car parks 4 ) 39,700-51,900 46,300 5,900

16 950-15,000 4,560 3,700
Garage forecourts 2 44,100-48,900 46,500 -

7 1,370-4,480 2,310 1,150
Town centre streets 13 840-4,530 2,130 960
Main roads 19 740-4,880 1,890 1,030
Residential areas 7 620-1,240 850 230
Rural roads ) 4 410-870 570 210

Source: Harrison (1979)

Duggan and Williams (1977) found a similar trend in the lead content of

- street dust as a function of traffic density. Seventy-nine street dust samples
collected in several residential areas of London yielded an average of 1460 ug
Pb/g for main roads and 900 ug Pb/g for side roads. An additional seven
samples collected from a footpath im a rural area near London contained an
average of 35 ug Pb/g.

Data obtained in a number of other studies on lead in dust near roadways
are summarized in Tables 7-17 and 7-18. These data demonstrate that abnormally
high concentrations of lead are found in the air and dust near major roadways,
and that people who 1ive or work in such areas (e.g., traffic policemen,
service station and garage attendents) are exposed to high lead concentrations.
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TABLE 7-17. LEAD DUST ON AND NEAR HEAVILY TRAVELED ROADWAYS

Sampling site

Concentfaffoﬁ;
ug Pb/g

Washington, D.C.:
Busy intersection
Many sites

Chicago:
Near expressway

Philadelphia:
Near expressway

Brooklyn:
Near expressway

New York City:
Near expressway

Detroit:
Street dust

Philadelphia:
Gutter (low pressure)

Gutter (high pressure)
Miscellaneous U.S. Cities:
Highways and tunnels

Netherlands:
Heavily traveled roads

12820
(4000-8000) (Fritsch and Prival, 1972)

6600

(3000-8000) (Kennedy, 1973)

(900-4900) (Lombardo, 1973)

2000 (Pinkerton et al., 1973)

(966-1213) (Ter Haar and Aronow, 1974)

1507 _
(270-2626) (Shapiro et al., 1973)

3262

(280~-8201) (Shapiro et al., 1973)

(10000-20000) (Buckley et al., 1973)

5000 (Rameau, 1973)
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TABLE 7-18. LEAD CONTENT IN OR ON ROADSIDE SOILS AND GRASS AS A FUNCTION
OF DISTANCE FROM TRAFFIC AND GRASS DEPTH IN PROFILE®

' Lead content, ug/g'dry Qe1ght |
0-5 cm 5-10 cm  10-15 cm

Site and distance from road Grass Soil depth Soil depth Soil depth
West of U.S, 1, near Plant
Industry Station,
Beltsville, MD:
8 68.2 522 460 416
16 47.5 378 260 104
32 26.3 164 108 69
West of southbound lanes,
Washington-Baltimore Parkway,
Bladensburg, MD:
8 51.3 540 300 98
16 30.0 202 105 60
32 18.5 140 60 38
West of Interstate 29,
Platte City, MO:
8 21.3 242 112 95
16 12.5 140 104 66
32 7.5 61 55 ‘ 60
North of Seymour Road
Cincinnati, OH:
8 31.3 150 29 11
16 26.0 101 14 8.2
7.6 55 10 6.1

32

aAdapted from Lagerwerff and Specht (cited in National Academy of Sciences, 1972).
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For comparison, Table 7-19 summarizes lead in dusts from nominally residential
urban areas. These concentrations have a wider range and are in general
smaller than those in traffic-oriented dust samples.

It is of interest to determine the fraction of lead in street dust which
is soluble in hydrochloric acid at the concentration existing in the stomach.
This allows calculation of the amount of lead readily available for absorption
into the bloodstream. Day et al. 1979) analyzed samples from Manchester,
England and Christchurch, New Zealand for lead using hydrochloric acid at
concentrations of 10’5 M to 1.0 M (pH 5 to 0). The maximum extractable lead
was determined using boiling 2 M nitric acid. Results are presented in Figure
7-6, and show that the solubility is a strong function of pH; most of the lead
is soluble at a pH of 1, characteristic of the stomach acid concentration.
Similarly, Harrison (1979) found that 48-77 percent of the lead in Lancaster
street dust is soJuble at stomach acid concentration, while Duggan and Williams
(1977) report an average of 60 percent soluble lead in London street dust. A
large fraction of the lead in street dust which is ingested is apparently
available for absorption into the bloodstream.

Overall, these data suggest that environmental lead levels in the vicinity
of heavily traveled roads are elevated above background levels, and that these
levels may result in significant increases in lead exposure. Such exposure
may be due to direct inhalation of airorne lead, ingestion of food or water
containing deposited lead-containing aeroscl, or direct ingestion of leaded

Several studies have been undertaken to investigate lead levels in the
vicinity of various point sources of lead emission such as smelters or battery
plants. By far the most complete and informative studies are those carried
out by Yankel et al. (1977) and by Landrigan et al. (1976) in the neighborhood
of a smelter in Silver Valley, Idaho. Consequently, the data from these
studies will be descibed in some detail. Other studies carried out in the
United States, Canada, and Europe are summarized in Appendix C. Their findings
are in substantive agreement with those of the Idaho study.

Yankel et al. (1977) defined five study areas arranged concentrically
around the smelter and two control areas. Area I consisted of homes within 1
mile of the smelter; area II, 1 to 2-1/2 miles from the smelter; area III,
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TABLE 7-19. LEAD DUST IN RESIDENTIAL AREAS

| Sémpling site 'Cohcentrai{oh,'pg Pﬁ/g
Philadelphia: o | - |
Classroom 2000
Playground 3000 B
Window frames 1750 (Shapiro et. alf,u1973)
Boston and New York:
House dust (1000-2000) (Needleman and

Scanlon, 1973)
Brattleboro, Vt.:

In home (500-900) (Darrow and oéejééféééf;-m-—
, Schroeder, 1973) _
%}%T\\Birmingham, England: _ — . ﬁ?ybfu9‘“*§l

In home '

5000 (Lombardo, 1973)

New York City: —
Middle class  (608-742) (Pinkerton et. al.,
1973)
Residential
Philadelphia:
Urban industrial 3855
(929-15680) (Needleman et.
al., 1974) :
Residential 614
(293-1030) (Needleman et. al.,
: 1974)
Suburban . 830 , v
: (277-1517) (Needleman et al.,
1974)
Derbyshire, England:
Low soil lead area ' 518
(130-3000) (Barltrop et al., 1975)
High soil lead area 4881 .

(1050-28000) (Barltrop et al., 1975)
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2-1/2 to 6 miles; area IV, 6 to 15 miles; and area V, 15 to 20 miles.
Environmental samples, including surface soil, house dust, paint, grass, and
garden vegetables were collected at the homes in each area, as were blood
samples from the resident children aged 1 to 9 years. The mean Jead levels
found in the ambient air, soil, and house dust all decreased with increasing
distance from the smelter. As mentioned in Chapter 12, the blood lead levels
of the resident children followed a similar pattern.

Ambient air lead levels were measured by high-volume samplers stationed
‘throughout Silver Valley. A highly significant relationship between distance
from the smelter and ambient lead concentration was found, and relationship
was used to estimate the ambient air lead level lead for any location in the
study area. The mean annual ambient air levels near the smelter for two
different years (1974, 1975) are shown graphically in Figure 7-7. Similar
results were obtained for the lead content of soil and house dust. As noted
in Chapter 12, the childrens’ blood lead levels correlated quite closely with
ambient air lead Jevels, although this result should not be interpreted as
suggesting direct inhalation of lead is the principal exposure mechanism. One
result of this study was that some specific emergency measures were taken in
1974 (including covering contaminated soil with clean soil and reducing smelter
emissions), and these measures brought about a decrease in blood lead levels
that were determined a year later. The details of the blood lead levels and
their significance presented in Chapter 12. The conclusion to be drawn from
this study (and from the similar studies referred to above) is that people who
live in the vicinity of a major industrial source of lead (e.g., a smelter)
are exposed to abnormally high lead concentrations.

7.3.3 Dietary Exposures

7.3.3.1 Food--The route by which most people receive the largest portion of
their daily lead intake is through foods. Several studies have reported
average dietary lead intakes in the range 100 to 500 pg/day for adults, with
individual diets covering a much greater range (Schroeder and Tipton, 1968;
Tepper, 1971; Mahaffey, 1978; Nutrition Foundation Expert Advisory Committee,
1982). Gross (1981) analyzed results of the extensive lead mass balance
experiments of Kehoe 1961), which were conducted from 1937 to 1972; according
to these data, total dietary lead intake decreased from approximately 300
pg/day in 1937 to 100 pg/day in 1970, although there is considerable variability
in the data. Only a fraction of this lead is absorbed, as discussed in Chapter
10.
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Figure 7-7. Annual amblent air lead concentration near a smelt&,' bi/";rea, before the
August 1874 and August 1875 surveys. Area 1is within 1 mile of smelter; Area2is 1 to
1-% miles from smelter; Area 3, 2% to 6 miles; Area 4, 6 to 15 miles; and Area 5, 15 to 20
miles.

Source: Yankel et al. (1977),
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The sources of the lead content of unprocessed vegetable foods have been
noted earlier (Section 6.4.3). Studies of the lead associated with crops
(near highways) have shown that both lead taken up from soil and aerosol lead
delivered by deposition are found with the edible portions of common vegetable
crops. However, there is enormous variability in the amount of lead associated
with such crops and in the relative amounts of lead in the plants versus on
the plants. This depends upon several factors, the most prominent of which
are the plant species, the traffic density, the meteorological conditions, and
the local soil conditions (Welch and Dick, 1975; Rabinowitz, 1974; Arvik,
1973; Dedolph et al., 1970; Motto et al., 1970; Schuck and Locke, 1970; Ter
Haar, 1970). The variability induced by differences in the above factors,
coupled with the fact that many studies have neglected differentiation between
lead on plants versus lead in plants, makes it difficult to generalize. Data
of Schuck and Locke (1970) suggest that in some cases (e.g., tomatoes and
oranges) much of the surface lead is readily removed by washing. But as noted
in Section 6.4.3, this is not universally true; in some cases, much more
vigorous washing procedures are necessary.

In view of the wide variability of soil conditions (pH, organic matter,
cation exchange capacity, phosphorus content, etc.), of meteorology (especially
wind conditions and rainfall), and of the effects of species diversity on the
routes of lead accumulation, only crude general correlations between air lead
levels and food crop levels are possible. Furthermore, the lead associated
with plants may be derived from natural sources, from automotive sources, and
from other sources such as manufacturing or combustion. One study in Southern
California reported that 60 to 70 percent of the lead associated with oat tops
was directly attributable to automobile (aerosol) emissions, but did not
distinguish between lead in the edible portion (grain) and lead on the hulls
or chaff (Rabinowitz, 1974). This same study reported that lettuce grown in
the Salinas Valley had 3 to 25 pg/g lead (dry weight) associated with it,
whereas the soil content was only 10 upg/g. The lead content in the lettuce
was reported to be 0.15 to 1.5 pg/g on a fresh weight basis. The limited data
accumulated were used to deduce that the excess lead was delivered to the
lettuce by atmospheric transport of automobile-emitted material, and that
removal of lead from automobile exhaust would reduce the Tead content of the
lettuce by as much as 80 percent (Rabinowitz, 1974). Other studies have
similarly reported the importance of deposited airborne lead in influencing
lead levels in leafy vegetables (Motto et al., 1970; Schuck and Locke, 1970).
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In contrast, food grains may be somewhat less influenced by airborne
lead. Ter Haar (1970) found that inedible portions of several plants (bean
leaves, corn husks, soybean husks, and chaff from oats, wheat, and rice) had
two to three times the lead concentration when grown near.a busy highway
compared with similar plants grown in a greenhouse supplied with filtered air.
The edible portions of these and other plants showed 1ittle or no difference
in lead content between those grown in ambient air and those grown in the
filtered air. Dedolph et al. (1970) found that while ryegrass and radish
leaves grown near a busy highway contained deposited airborne lead, the edible
portion of the radish was unaffected by variations in either soil Tead or air
lead. ’

An overall analysis of the data available supports the contention that
plants grown near busy highways consistently have more lead in them and on
them than those in other areas. This difference is typically very hard to
detect at distances greater than about 100 to 200 m from the highway, due to
dilution and deposition of the emitted lead. The available data are not
sufficient to permit the quantitative estimate of the contribution of automotive
lead to foodstuffs on a national or even a regional scale.

The concentrations of lead in various food items are highly variable, and
as much vaéiation is found within specific food items as between different
food categories. Schroeder and Balassa (1961), in a study of American foods
conducted during 19??, have found maximum concentrations of 1.5 ug/g for
condiments, 2.5 pg/g for fish and other seafood, 3.7 pg/g for meats and eggs,
1.4 ug/g for grains, and 1.3 pg/g for vegetables. A1l of these values refer
to unprocessed foods. A British report (United Kingdom Ministry of Agriculture,
Fisheries, and Food, 1982) in a study conducted in 1979-80 on lead in foods
describes similar maximum values for meat and eggs, grain products (flour and
bread), and vegetables, but concentrations up to 14 pg/g in condiments, and up
to 18 pg/g in shellfish. More recently, the Nutrition Foundation Expert
Advisory Committee (1982) has used data from a 1975 Canadian survey to estimate
lead levels jn several categories of infant food. Strained meats, vegetables,
and fruits typically contained 0.03 to 0.05 pg/g, while cereals contained 0.09
pg/g. Ziegler et al. (1978) reported in a study in 1974-75, a wide range of
0.013 to 0.327 ug/g for lead in infant fruit juices, fruits, and vegetables.

The lead content of milk is of special interest because it is a major
component of the diets of infants and young children. Brandt and Bentz (1971)

PB7/A 7-58 12-15-82
TEH 0530444

- DUPO050031357




PRELIMINARY DRAFT

report that levels in fresh milk are typically less than than 5 pg/liter. The
survey by USFDA (1975) found lead concentrations in whole milk ranging from 10
to 70 pg/liter, and averaging about 20 pg/liter. In a recent survey by Ziegler
et al. (1978), seven samples of baby formula and three samples of whole cow's
milk were analyzed in duplicate. Mean concentrations of lead were 18 pg/liter
(range 15 to 20 pg/liter) in formula and 10 pyg/liter in milk. Tolan and Elton
(1973) reported lead levels of 30 pg/liter in fresh milk in Great Britain and
50 pg/liter in canned (evaporated) milk. Michell and Aldous (1974) reported a
comparable average of 40 g/liter for fresh whole milk purchased in New York
State, but their results for evaporated milk averaged 202 pg/1iter and ranged
as high as 820 pg/liter.

The amount of lead taken in with food varies from person to person. It
depends upon (a) the types of food in the diet, (b) the total amount of food
eaten, (c) the history of the food during growth, (d) its opportunity to
acquire intrinsic lead (absorbed from soil or water), and (e) the manner in
which the food is prepared. As an example of the Tast category, it has been
shown that vegetables prepared in water containing lead can absorb a considerable
fraction of this lead during boiling. Moore et al. (1979) estimate that water
containing 200 pg Pb/liter can contribute up to 396 pg Pb/day through consumption
of vegetables. Little et al. (1981) report ranges of 18-46 pg/day and 72~182
pg/day for vegetables boiled in water containing 50 and 200 pg Pb/liter,
respectively. The latter study also reports wide variations in lead absorption
from the human GI tract for different lead compounds associated with vegetables.
Using the United Kingdom Total Diet Study (Buss and Lidsay, 1978) to estimate
food consumption, Smart et al. (1981) estimate a lead intake as small as 23
pg/day for vegetables prepared in soft water containing 55 pg Pb/liter; hard
water containing 520 pg Pb/liter provides a vegetable lead intake as great as
130 pg/day. These authors estimate a total dietary Tead intake of 87 to 440
pg/day.

\\\\‘ ( On a per-weight basis, the dietary intake of children has been shown to
be two to three times that of adults. This additional dietary intake is
especially significant when the lead added to food by processing and to water
by plumbing (vide infra) is considered. The Glasgow Duplicate Diet Study
Z?KI (United Kingdom Department of the Environment, 1982) reports that children
}it\" approximately 13 weeks old living in lead~plumbed houses consume 6 to 480 ug
Pb/day. Water lead levels in the 131 homes studied ranged from less than 50
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to over 500 pg/liter. Those children and mothers living in the homes containing
high water lead levels generally had greater total lead consumption and higher
blood lead levels, according to the study. Breast-fed infants were exposed to
much less lead than bottle-fed infants. Because the project was designed to
investigate child and mother blood lead Jevels over a wide range of water lead
concentrations, the individuals studied do not represent a typical cross-section
of the population. However, results of the study suggest that infants living
in lead-plumbed homes may have exposure to considerable amounts of lead. This
conclusion was also demonstrated by Sherlock et al. (1982) in a duplicate diet
study in Ayr, Scotland. For typical North American lead exposures, generally
ih the absense of lead plumbing, the Nutrition Foundation Expert Advisory
Committee (1982) used 1975 Canadian food data to estimate lead intakes of
61~73 ug/day for children aged 1-4 years, and intakes of 77-132 ug/day for
older children and adults.

In a survey of heavy metals in foods, the USFDA (1975) found relatively
high lead concentrations in metal-canned foods. In the adult food category,
canned foods averaged 0.376 pg Pb/g, and non-canned foods averaged 0.156 pg
Pb/g. In the baby food category, canned foods (juices) averaged 0.329 pg
Pb/g, and foods in jars averaged 0.090 pg/g. The report concluded that from
the age of about 1 year on, canned foods comprise 11 to 12 percent of a person's
diet, but they contribute about 30 percent of the average dietary lead intake.
In a more recent survey, Beloian (1982) estimates that canned foods contribute
51 percent, 3D percent, and 33 percent of the total dietary lead intake for
children aged 0-5 months, 6-23 months, and 2-5 years, respectively. 1In a
comparison made in the United Kingdom (Tolan and Elton, 1973), lead concentrations
in canned foods were Tound to vary widely with the precise nature of the food
but they averaged about ten times greater than those in fresh foods.

The soldered seam of tin cans is evidently the major source of the additional
lead in canned foods, and increasing lead concentrations in samples of a can's
contents taken progressively nearer the seam have been found (Michell and
Aldous, 1974). Similarly, there is a correlation between increasing lead
concentrations in canned products and the increasing ratio of the cans' seam
length to volume. Of 256 metal-canned foods examined, 37 percent contained
200 ug Pb/liter or more; 12 percent contained 400 pyg Pb/1iter or more. These
levels are markedly above the potable water standard of 50 ug Pb/liter (0.05
mg/kg) established by the U.S. Public Health Service. However, recent data
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show that lead levels in canned foods have decreased somewhat through the
1970's (Schaffner, 1981).

Canned pet foods have been found to contain from 0.9 to 7.0 ug Pb/g (900
to 7000 pg/liter), and 18 products averaged 2.7 ug/g (Hankin et al., 1975).
Apart from the possible toxic effects on pets, the products pose a hazard to
people who may include themg in their own diet.

The contribution of the canning process to overall ]ead 1eve1s in albacore
tuna has been reported by Settle and Patterson (1980). Using rigorous clean
laboratory procedures, these investigators analyzed lead in fresh tuma, as
well as in processed tuna packaged in soldered and unsoldered cans. The data,
presented in Table 7-20, show that lead concentrations in canned tuna are
elevated above Tevels in fresh tuna by a factor of 4000. This factor becomes
40,000 if one compares the canned tuna levels with estimated concentrations
assumed to exist prior to the widespread use of lead. Nearly all of the
increase results from leaching of the lead from the soldered seam of the can;
tuna from an unsoldered can is elevated by a factor of only 20 compared with
tuna fresh from the sea. Note that when the tuna is dried and pulverized, as
in the NBS reference material, lead levels are seen to increase by a factor of
400 over fresh sea tuna. Table 7-20 also shows the results of analyses conducted
by the National Marine Fisheries Service. The lead concentrations reported by
NMFS in fresh tuna are considerably greater than the Caltech laboratory data.
Settle and Patterson (1980) explain this difference as due te poor contamination
control by NMFS during sample handling and analysis; they also state that most
other lead analysis laboratories have similar problems which preclude obtaining
accurate lead data at levels commonly encountered in food and in the environment.

Hankin et al. (1974) suggest an additional food-related source of potential
lead exposure, again predominantly affecting children. The colored portions
of wrappers from bakery confections, candies, gums, and frozen confections
have lead concentrations ranging from 8 to 10,000 pug/g. The higher concentrations
are attributed to lead-containing inks. No related illnesses were identified,
nor was contamination of the food implied; but the eating of foods from such
wrappers and the licking or chewing of the wrappers were postulated as one
more avenue for an additional increment of lead exposure.

The presence of high-lead concentrations in i1licit whiskey (moonshine),
which is still popular in some parts of the United States, occasionally causes
Jead poisoning in adults. The apparent source of the lead is the soldered
joints in the distilling apparatus.
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TABLE 7-20. LEAD CONCENTRATIONS IN VARIOUS SAMPLES AS MEASURED
BY THE CALTECH AND NMFS LABORATORIES

. Lead
Sample Concentration*

Analysis by Caltech laboratory

Surface seawater, prehistoric 0.005
(estimated) '
Surface seawater, modern 0.005
Albacore muscle, prehistoric 0.03
(estimated)

Albacore muscle, fresh (dissected 0.3
in Caltech laboratory)

Albacore muscle from die-punched 7
unsoldered can :

Albacore muscle, NBS reference 120
material

Albacore muscle from lead-soldered can 1,400

Entire albacore 6

Entire anchovy from albacore stomach 21

Part of anchovy from lead-soldered can 4,200

Analysis by NMFS laboratory

Albacore muscle, fresh (dissected 400
by NMFS Laboratory)

Albacore muscle, fresh (dissected 20
in Caltech Laboratory)

Albacore muscle from lead-soldered can 700

*A11 values are expressed as ppb wet weight.

Source: Settle and Patterson (1980).
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Another potential source of dietary lead poisoning is the use of ipadeguately
glazed earthenware vessels for food storage and cooking. An impressive example
of this danger involved the severe poisoning of a physician's family in Idaho
which resulted from drinking orange juice that had been stored in an earthenware
pitcher (Block, 1969). Similar cases, sometimes including fatalities, have
involved other relatively acidic beverages such as fruit juices and soft
drinks, and have been documented by‘other workers (Klein et al., 1970; Harris
and Elsen, 1967). Because of these incidents, the USFDA (1979) has established
a maximum permissible concentration of 7 ug Pb/g in solution after leaching
with 4 percent acetic acid in the earthenware vessel for 24 hours.

Inadequately glazed pottery manufactured in other countries continues to
pose a significant health hazard. For example, Spielholtz and Kaplan (1980)
report 24 hour acetic acid-leached lead concentrations as great as 4400 ug/g
in Mexican pottery. The leached lead decreases with exposure time, and after
several days appears to asymptotically oach a value which may be as great as
600 pg/g. These investigators have also measured excessive lead concentrations
leached into acidic foods cooked for two hours in the same pottery. Similarly,
Acva et al. (1981) report that 85 percent of 275 earthenware vessels produced
in primitive Lebanese potteries had lead levels above the 7 pg/g USFDA 1imit.
However, only 9 percent of 75 vessels produced in a modern Beirut pottery
exceeded the 1imit. Cubbon et al. (1981) have examined properly glazed ceramic
plates in the United Kingdom, and have found a decrease in leached lead with
exposure time down to very low levels. The authors state that earthenware
satisfying the 7 pg/g 1imit will contribute about 3 pg/day to the dietary
intake of the average consumer.

Reports on lead in European wines (Olsen et al., 1981; Boudene et al.,
1975 Zurlo and Graffini, 1973) show concentrations averaging 100-200 pg/liter
and ranging as high as 300 pg/liter. Measurements of lead in domestic wines
have not been undertaken; if the European data ndicative, domestic wines could
contain lead concentrations comparable to processed foods previously discussed.
Lead levels in beer are generally smaller than those in wine: Thalacker (1980)
reports a maximum concentration of 80 ng/Titer several brands of German beer.

Llead in also present in tobacco. WHO (1977) estimates a lead content of
2.5-12.2 pg per cigarette; roughly two to six percent of this lead may be
inhaled by the smoker. The Commitiee on Lead in the Human Environment, National
Research Council (1980) has used these data to conclude that a typical urban
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resident who smokes 30 cigarettes per day may inhale roughly equal amounts of
lead from smoking and from breathing urban air.

7.3.3.2 Water--The U.S. Public Health Service standards specify that lead
Jevels in drinking water should not exceed 50 pg/liter. The average adult
drinks about 1 liter of water per day. The presence of detectable amounts of
lead in untreated public water supplies was shown by Durum (1971) to be widespread,
but only a few samples contained amounts above the 50 pg/liter standard.
Durfor and Becker (1964) analyzed untreated and treated water for the largest
U.S. cities, and almost all pairs of samples showed a substantial decrease in
lead that was ascribable to treatment provided. A maximum lead concentration
of 62 pg/liter was detected in finished water from one of several wells used
in Salt Lake City to supplement their surface water supply. Some 95% of the
water supplies sampled, however, had Tead concentrations below 10 pg/liter in
the treated water before entering the distribution system. Eight of the water
supplies distributed water with a pH of less than 7, which could be corrosive
to the distribution piping; most 6f'these were in the Northwest. A chemical
analysis of interstate carrier water supplies in 1975 showed that only 0.3
percent exceeded the 50 pg/liter standard (USEPA, 1975). These samples were
collected after treatment but before distribution, and they represent both
suspended and dissolved lead. Interstate carrier water supplies serve planes,
trains, buses, and vessels in interstate commerce, and they include almost all
of the largest U.S. water supplies.

The presence of lead in drinking water may result from contamination of
the water source or from the use of lead materials in the water distribution
system. Although lead is a relatively minor constituent of the earth's crust,
it is widely distributed in low concentrations in sedimentary rock and soils
(as discussed in Chapter 3), and naturally occurring deposits may be an important
source of contamination in isolated instances. Industrial waste may also
contribute to the lead content of water sources, but this appears to be a
local and not a widespread problem. The extensive use of lead compounds as
gasoline additives has greatly increased the availability of Tead for solution
in ground and surface waters. For example, in a study in east-central I1linois
(Rolfe and Haney, 1975), the urban portion of an 86 square mile watershed
(constituting 14 percent of the area) contributed about 75 percent of the lead

_in drainage waters. The principal source of this lead was identified as

automotive emissions. Detailed data reported for 1 month (June 1972) showed
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that drainage waters from this urban portion contained an average total lead
concentration of 69.5 pg/liter, including 6.3 pg/liter of soluble lead. The
rural portion yielded an average lead concentration of 7.4 ug/liter in drainage
water, including 2.1 pg/liter of soluble lead.

Hem and Durum (1973) discussed the solubilty of those species of lead
that may be present in drinking water and suggested that the solution of lead
from environmental sources may be an important contribution in certain areas,
depending upon the chemical composition of the runoff water. Above pH 8.0,

‘the solubility of lead is below 10 pg/liter, regardless of the alkalinity of

the water. In waters near pH 6.5 with low alkalinity, however, the solubility
of lead could approach or exceed 100 upg/liter.

Lazrus et al. (1970) determined the lead content of precipitation at 32
points in the United States for a period of & months in 1966 and 1967. They
reported an average lead concentration of 34 ug/liter after filtering the
samples. Samples of rainfall at Menlo Park, California during 1971 showed a
wide range of lead concentrations, from a few pg/Titer to more than 100 pg/Titer
(Hem and Durum, 1973). These authors hypothesized that higher lead concentrations
should occur in vrunoff water and impounded raw water supplies in the Northeast,
certain urban areas of the South, and along the Pacific Coast because of Jow.
pH and alkalinity in waters. However, in much of the rest of the United
States, lead fallout rates and chemical composition of the runoff (pH >8,
alkalinity >100 pg/liter) would minimize the problem. Information to test
their hypothesis is limited at present. Of the few surveys of surface waters
that have been conducted, most were not done after periods of heavy rainfall,
and most have measured dissolved rather than total lead.

Durum (1971) measured lead at 700 lake and river sites in the United
States. These measurements were primarily single samples, taken at times of
relatively low stream flows in October and November 1970. Detectable concentrations
of dissolved lead (>1 ug/liter) were found in 63 percent of the samples, but
only three samples contained more than 50 pg/liter. A large proportion of the
samples for the northeastern and southeastern states contained lead above the
detection limit, and quite a few of the samples showed levels above 10
pug/liter. This regional distribution of lead in stream water is in accord
with the idea that water composition in the eastern states is more commonly
favorable for solution of lead. A substantial number of samples from southern
California were high in lead, and these influenced the data from the southwestern
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states. Kopp and Kroner (1967) presented data on dissolved lead in rivers and
lakes of the United States. The data were gathered over a 5-year period (1962
to 1967) and represent more than 1500 samples. A detectable concentration of
dissolved lead was found in 305, or 19.3 percent, of the samples; the observed

values ranged from 2 to 140 ug/liter. The highest concentration was detected

jn the Ohio River at Evansville, Indiana. Twenty-seven of their samples
exceeded 50 pg/liter. Observed mean observations of >30 pg/liter dissolved
Tead were found in the following river basins: Ohio, Lake Erie, Upper Mississippi,

Missouri, Lower Mississippi, and Colorado.

The major source of lead contamination in drinking water is the water
supply system itself. Water that is corrosive can leach considerable amounts
of lead from lead plumbing and lead compounds used to join pipe. Several
widely adopted codes, such as the ASA-A40 Code, Uniform Plumbing Code, and
BOCA Code, allow the use of lead pipe and Tist lead as an acceptable soldering
material for joining pipes that convey water. Lead pipe is currently in use
in many parts of the United States for water service Tines and interior plumbing,
particularly in older urban areas. In a community water supply survey of 969
water systems conducted in nine geographically distributed areas of the United
States in 1969 and 1970, it was found that 1.4 percent of all tap water samples
exceeded the 50 pg/liter standard (McCabe et al., 1970). The maximum concentration
found was 640 pg/liter total lead. The occurrence of samples exceeding the
standard was more prevalent in waters with a relatively low pH and low specific
conductance. It was estimated that 2 percent of the survey population of 18.2
million was exposed to high Tead levels at the tap. Considerable research
related to lead in home tap water has been conducted in the United Kingdom,
where lead plumbing is prevalent. Moore (1977} reported lead concentrations
in Glasgow drinking water to be considerably greater than 50 pg/liter in many
homes using lead pipes, due to leaching caused by the soft water. The lead
levels decreased if the water was allowed to run for several minutes. Highest
lead concentrations were found in the early morning after the water had been
standing in the pipes all night (Figure 7-8). This study also measured blood
tead concentrations in residents of western Scotland, found a significant
correlation between blood lead and water lead. It was concluded that the use
of lead plumbing in soft water areas may pose a more severe hazard than atmospheric
lead,
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In another study by Moore et al. (1977), blood lead levels in mentally
retarded children were found to be greater than in control children. A significant
correlation was also found between blood lead and water lead levels in the
childrens' homes. Water lead concentrations as great as 1850 pg/liter were
measured in these homes.

Apri1 1978, the pH of the water supply to 920,000 Glasgow residents was
increased from 6.3 to 7.8 using lime-dosing. Prior to this treatment, over 50
percent of the random daytime water samples collected in the city had lead
levels above 100 pg/liter. This figure was reduced to 20 percent following
treatment (Moore et al., 1981). In August 1980, the pH of the water supply
was increased to 9, resulting in an estimated further reduction to 5 percent
of the water samples in excess of 100 ug/liter. The reduction in water lead
content caused a significant decrease in blood lead levels of mothers in the
postnatal ward of a Glasgow hospital, demonstrating the positive effect of the
Time-dosing treatment.

A series of studies has been conducted in northern Wales involving lead
levels in home tap water. In one study, mean lead concentrations in first
draw water samples from 14 dwellings with lead plumbing was 370 pg/liter.
This level dropped to 85 pg/liter after the water was allowed to run for ten
minutes (Thomas and Elwood, 1978). In a related set of studies (Badawy, 1978;
Thomas et al., 1979; Thomas, 1980) water lead levels were measured in 60
lead-plumbed houses and in 75 copper-plumbed houses: first flush samples
averaged 1075 ug/liter in the former, but only 4 pg/liter in the latter.
Blood lead concentrations in mothers and their children 1iving in the lead-
plumbed homes were significantly greater than concentrations in residents of
the houses which used copper plumbing. Within the homes containing lead
plumbing, lead levels were greatest in those individuals who regularly consumed
first draw water.

A survey of water lead concentrations in over 2000 households throughout
Great Britain has been conducted by Pocock (1980). The effects of water
stagnation time in the pipes, pH, alkalinity, position/extent of lead plumbing,
age of dwelling, and number of occupants were investigated. Results were in
agreement with previous studies, showing that soft, acidic water in homes with
considerable Tead plumbing has the greatest lead concentration. On the average,
the daytime concentration of lead was about 57 percent of the first draw
concentration.
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Bailey and Russell (1981) have developed a model for population exposure
to Tlead in home drinking water. The model incorporates data for lead concentration
as a function of stagnation time in the pipes, as well as probability distributions
for times of water use throughout the day. Population surveys conducted as
part of the United Kingdom Regional Heart Survey provided these water use
distributions. The final probability density function for water lead levels
is given in Figure 7-9. The effect of instructing all individuals to refrain
from drinking first draw water is evident; median, mean, and 95th percentile
lead levels decrease measurably.

Other recent studies have.been conducted in Canada and Belgium. Lead
levels in water boiled in electric kettles were measured in 574 households in
Ottawa (Wigle and Charlebois, 1978). Concentrations greater than 50 pg/liter
were observed in 42.5 percent of the households, and excessive lead levels
were associated with kettles more than five years old. Blood lead concentrations
were not significantly correlated with lead levels in water boiled in electric
kettles. However, age, and smokihg habits were correlated with blood Jead.

The authors concluded that lead exposure from such kettles does not pose a
significant health hazard to adults, but may present a hazard to infants.

Hubermont et al. (1978) examined the influence of water lead concentration
on the transplacental transfer of lead in 70 pregnant women in rural Belgium.
Water lead levels ranged from 0.2 to 43.4 pg/liter in 41 households (group A),
and from 61.5 to 1228.5 pg/liter in an additional 29 households (group B).
Blood lead levels in the mothers, umbilical cords, and placentas were significantly
greater in group B than in group A.

Sartor and Rondia (1980) studied the relation between water lead level
and blood lead concentration in two Belgian urban areas: Liege population
426,777, serviced by hard water) and Verviers (population approximately 50,000,
serviced by soft water). The subjects included males over a wide range of
ages who were not occupationally exposed. A total of 390 Liege residents and
320 Verviers residents were sampled. Water lead levels in Verviers were
considerably greater than those in Liege, with some concentrations as great as
1500 pg/liter. The blood lead levels in Verviers residents were considerably
greater than levels in Liege residents, presumably due to the higher water
Jead concentrations. Blood lead levels in Liege increased with age until
approximately 25 years, then achieved a constant value. In Verviers, blood
lead Tevels continued to increase past age 60. The authors concluded that the
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excessive lead exposure in Verviers lengthened the exposure time required to
veach equilibrium between blood lead and environmental lead levels; equilibrium
was not achieved in a normal Tifetime.

Numerous studies regarding the lead content of drinking water, and the
relationship to blood lead levels, were conducted in Europe in the early and
mid 1970's. A thorough literature review of these studies has been conducted
by Berlin et al. (1977). On the basis of these studies, it was concluded that
lead in drinking water at even modest concentrations may have a significant
effect on blood lead level, both from direct ingestion and from cooking with
the water.

7.3.4 Exposures Resulting from Manmade Materials

At Teast two manmade materials in widespread use are known to contain
lead, namely paint and plastics. ’

In 1974, the Consumer Product Safety Commission collected several household
paint samples and analyzed them for lead content (Committee on Toxicology,
National Research Council, 1976). Analysis of 483 samples showed that 8
percent of the oil-based paints and 1 percent of the water-based paints contained
greater than 0.5 percent lead (5000 pg Pb/g paint, based on dried solids),
which was the statutory limit at the time of the study. The current statutory
1imit for Federal construction is 0.06 percent.

Several studies have shown that children 1iving in homes containing
accessible leaded paint may have a greater tendency to deve]op elevated blood
Tead levels. For example, Guinee (1972) found loose leaded paint 76 percent
of the houses of lead-poisoned children, compared with 38 percent of the
houses of non-poisoned children (controls). Gilbert et al. (1979) reported
loose leaded paint in 100 percent of the houses of children with elevated
blood lead levels, compared with 50 percent for controls. A significant
correlation was found between child fecal lead content and the presence of
leaded paint, and between blood lead content and the presence of leaded paint
(Hammond et al., 1980). The greatest amounts of leaded paint are typically
found in the kitchens, bathrooms, and bedrooms (Tyler, 1970; Laurer et al.,
1973; Gilbert et al., 1979). However, Stark et al. (1982) found a better
correlation between exterior paint lead content and blood lead than between
interior paint lead and blood lead.

Some .investigators have shown that flaking paint can cause elevated lead
concentrations in nearby soil. For example, Hardy et al. (1971) measured soil
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Jead Tevels of 2000 pg/g next to a barn in rural Massachusetts. A steady
decrease in lead level with increasing distance from the barn was shown,
reaching 60 pg/g at fifty feet from the barn. Ter Haar (1974) reported elevated
soil lead levels in Detroit near eighteen old wood frame houses painted with
lead-based paint.” The average soil lead level within two feet of a house was
just over 2000 pg/g; the average concentration at ten feet was slightly more
than 400 pg/g. The same author reported smaller soil lead elevations in the
vicinity of eighteen brick veneer houses in Detroit. Soil lead levels near
painted barns located in rural areas were similar to urban soil lead concentrations
near painted houses, suggesting the importance of leaded paint at both urban
and rural Jocations.

Mouthing of non-food items is prevalent in most youngsters, and hence
ingestion of leaded paint is a major problem for small children in general.
An especially severe health problem is posed for children with pica, who may
habitually ingest 1 to 3 g (or more) of paint per week (Committee on Toxicology,
National Research Council, 1976).' ‘

Plastics contain a number of heavy metals that are constituents of organo-
metallic stabilizers added during the manufacturing process. The most commonly
used lead-containing stabilizer is dibasic lead stearate, in amounts ranging
from 0.5 to 2.0 parts per 100 parts of resin (Piver, 1977). The stabilizer is
normally used in rigid PVC products. Diffusion, or leaching by solvents, is
estimated to be quite slow--on the order of 10710 to 10_12 cn/sec at room
temperature--but no definitive information is available.

Incineration of Jlead-containing plastics may become an increasingly
significant source of localized lead pollution. It has been estimated that in
the year 2000, for example, there could be approximately 2.54 x 109 kg of PVC
plastic waste to be disposed of annually, of which about 0.59 x 109 would
probably be incinerated (Vaughn et al., 1975). Assuming that lead will be
emitted from the uncontrolled incineration of PVC's at the rate of 0.2 g
lead/kg waste (a figure applied to all solid waste, according to the U.S.
Environmental Protection Agency, 1976), about 1.2 x 10° kg lead could be
released each year. This would be an increase of more than fourteenfold over
the estimate for 1975. Since the greater part of the lead in these incinerated
plastic wastes will remain in the ash, electrostatic precipitators can sub-
stantially decrease the emitted fraction (to an estimated 0.03 g/kg). This
process only aggravates the difficulties of residual solid waste disposal with
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its attendant problems of fugitive dust and the potential contamination of
soil, surface waters, and ground waters through leaching from landfill operations.

Lead is present in other products which may constitute sources of lead
exposure when used or disposed of. Lead may be found in newsprint, craft and
hobby materials, toothpaste tubes, cosmetic products, candle wicks, pewter and
silver hollowware, painted utensils, and decals on glassware. For example,
colored newsprint may contain up to 2800 pg Pb/g (Hankin et al., 1973), while
colored gift wrapping may contain up to 14,300 pg Pb/g (Bertagnolli and Katz,
1979). Some cosmetic hair-darkening preparations contain lead acetate, although
the absorption of this lead through the skin is small (Moore et al., 1980).
Lead in the paint on handles of kitchen utensils has been found by Hankin et
al. (1976) to contain as much as 97,000 ug Pb/g (9.7 percent); more than half
of the samples exceeded the allowable 1imit for painted toys, which is 0.06
percent.

7.3.5 Soil and Dust Exposures

In each of the previous subéectjons on potential expoSures, the role of
Jead in soil and dust may have been important. The discussion of mobile
sources illustrated that the lead content of road dust and of surface soil
near roads increases as traffic density increases. Household dust and surface
soil in the vicinity of lead-emitting stationary sources may also have elevated
Tead content. Dietary intake can be influenced by deposited lead-containing
dust, particularly if the diet includes crops grown near sources of lead.
Regarding manmade materials, flaking paint can increase the lead content of
housedust and surface soil near painted surfaces.

It is clear that even in the absence of anthropogenic lead emissions,
there would be some human exposure to lead through inadvertant ingestion of
natural lead in soil. In the case of small children, deliberate ingestion of
lead-containing soil i5 possible. The extent to which current human exposure
10 lead exceeds that expected from natural sources is discussed in the final
section of this chapter.

7.3.6 Occupational Exposures

The highest and most prolonged exposures to lead are found among workers
in the lead smelting, refining, and manufacturing industries (WHO, 1977). In
the work areas, the major route of lead exposure is by inhalation and ingestion
of lead-bearing dusts and fumes. Airborne dusts settle out of the air onto
food, water, the workers' clothing, and other objects, and may be subsequently
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transferred to the mouth. Therefore, good housekeeping and good ventilation
have a major impact on exposure. It has been found that exposure levels might
be quite high in one factory and low in another solely because of differences
in ventilation, or differences in housekeeping practices and worker education.
7.3.6.1  Exposures in Lead Mining, Smelting, and Refining--Exposures for
workers involved in lead mining depend to some extent upon the solubility of
the lead from the ores. The lead sulfide (PbS) composing galepa is insoluble,
and absorption through the lung may be slight. In the stomach, however, some
of the lead sulfide may be converted to slightly soluble lead chloride, which
may then be absorbed in moderate amounts.

Roy (1977) studied exposures during mining and grinding of lead sulfide
at a mill in the Missouri lead belt. Primary smelting operations were 2.5
miles from the mill, hence the influence of the smelter was believed to be
negligible. Personal samplers worn by mill employees gave results shown in
Table 7-21. Note that the total airborne lead Tevels are much greater than
the concentrations of respirable lead, indicating a predominance of coarse
material. Solubility tests conducted as part of this study showed that only
0.77 to 1.4 percent (mean 0.94 percent) of the lead sulfide dissolved in 0.1 N
hydrochloric acid, representative of the human stomach. The author also
reported generally poor correlation between overall air lead and blood lead
levels. It was concluded that because of the large particle sizes and low
solubility, a health standard based on total airborne lead concentration
would not be appropriate for lead sulfide workers.

The greatest potential for high-level exposure exists in the process of
lead smelting and refining (WHO, 1977). The most hazardous operations are
those in which molten lead and lead alloys are brought to high temperatures,
resulting in the vaporization of lead. This is because condensed lead vapor
or fume has, to a substantial degree, a small (respirable) particle size
range. Although the total air lead concentration may be greater in the vicinity
of ore-proportioning bins than it is in the vicinity of a blast furnace in a
smelter, the amount of particle mass in the respirable size range may be much
greater near the furnace,

A measure of the potential lead exposure in smelters was obtained in a
study of three typical installations in Utah (WHO, 1977). Air lead concentrations
near all major operations, as determined using personal monitors worn by
workers, were found to vary from about 100 to more than 4000 pg/ma. Obviously,
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TABLE 7-21. AIRBORNE LEAD CONCENTRATIONS BASED ON PERSONAL SAMPLERS, WORN BY
EMPLOYEES AT A LEAD MINING AND GRINDING OPERATION IN THE MISSOURI LEAD BELT

(mg/m3)

0.ccuvpat1‘_onA | N . High .wa Mean

Mill operator 6 T 0.30 0.05 0.18
6 R 0.06 0.01 0.03

Flotation operator 4 T 0.75 0.10 0.32
4 R 0.04 0.03 0.04

Filter operator 4 T 2.45 0.38 1.33
4 R 0.24 0.05 0.11

Crusher operator 4 T 0.59 0.02 0.19

' 4 R 0.01 0.01 0.01

Sample finisher 2 T - 10.00 7.07 8.53
2 R 0.19 0.16 0.17

Crusher utility 1 T - - 0.07
1 R -- -- 0.07

Shift boss 5 T 0.56 0.11 0.29
6 R 0.08 D.01 0.05

Equipment operator 1 T -- - 0.43
2 R 0.14 0.03 0.08

N denotes number of air samples.

+ T - total lead on air ??

R - Respirable lead on air

Source: Roy (1977). '
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the hazard to these workers would be extremely serious if it were not for the
fact that the use of respirators is mandatory in these particular smelters.
Maximum airborne lead concentrations of about 300 pg/m3 were measured in a
primary lead-zinc smelter in the United Kingdom (King et al., 1979). These
authors found poor correlations between airborne lead and blood lead in the
smelter workers, and concluded that a program designed to protect these workers
should focus on monitoring of bialogical parameters rather than environmental
Tevels,

Spivey et al. (1979) studied a secondary smelter in southern California
which recovers lead mainly from automotive storage batteries. Airborne lead
concentrations of 10 to 4800 g/m3 were measured. The project also involved
measurement of bionlogical parameters as well as a survey of symptoms commonly
associated with lead exposure; a poor correlation was found between indices of
lead absorption and symptom reporting. The authors suggested that such factors
as educational Tevel, knowledge of possible symptoms, and biclogical susceptibility
may be as important as lead absorption in influencing symptom reporting. In a
second article covering this same study, Brown et al. (1980) reported that
smokers working at a smelter had greater blood lead levels than nonsmokers.
Furthermore, smokers who brought their cigarettes into the workplace had
greater blood lead levels than those who left their cigarettes elsewhere. It
was concluded that direct environmental contamination of the cigarettes by
lead-containing dust may be a major exposure pathway for these individuals.

Winegar et al. (1977) examined environmental concentrations as well as
biological indicators and symptom reporting in workers in a secondary lead
smelter near St. Paul, Minnesota. The smelter recovers approximately 9000
metric tons of lead per year from automotive batteries. The lead concentrations
in cuff dust from trousers worn by two workers were 60,000 and 600,000 ug/g.
The amount of lead contained in pieces of cloth 1 in? cut from the bottoms of
trousers worn by the workers ranged from 700 to 19,000 pg, with a median of
2640 pg. In all cases, the trousers were worn under coveralls. Dust samples
from 25 households of smelter workers ranged from 120 to 26,000 pg/g, with a
median of 2400 pg/g. No significant correlations were found between dust Tead
concentrations and biological indicators, or between symptom reporting and
biological indicators, However, there was an increased frequency of certain
objective physical signs, possibly due to lead toxicity, with increased blood
lead Tevel. The authors also concluded that the high dust lead levels in the
workers' homes are most Tikely due to lead originating in the smelter.
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Secondary lead smelters in Memphis, Tennessee and Salt Lake City, Utah
were studied by Baker et al. (1979), The former plant extracted lead principally
from automotive batteries, producing 11,500 metric tons of lead in the eleven
months preceding the measurements. The latter plant used scrap to recover 258
metric tons of lead in the six months preceding the measurements. Airborne
concentrations of Tead in Tennessee exceeded 200 yg/m3 in some instances, with
personal air sampler data ranging from 120 pg/m3 for a battery wrecker to 350
pg/m3 for two yard workers. At the Utah plant, airborne lead levels in the
office, lunchroom, and furnace room (furnace not operating) were 60, 90, and
100 pg/m3, respectively. When charging the furnace, the last value increased
to 2650 pg/m3, Personal samplers yielded concentrations of 17 yg/m3 for an
office worker, 700 pg/m3 for two welders, and 2660 pg/m3 for two furnace
workers. Some workers in both plants showed clinical manifestations of lead
poisoning; a significant correlation was found between blood lead levels and
symptom reporting. _

High levels of atmospheric Tead are also found in foundries in which
molten lead is alloyed with other metals. Berg and Zenz (1867) found in one
such operation that average concentrations of lead in various work areas were
280 to 600 pg/ma. These levels were subsequently reduced to 30 to 40 pg/m3
with the installation of forced ventilation systems to exhaust the work area
atmosphere to the outside.
7.3.6.2 Exposures in Welding and Cutting of Metals Containing Lead--When
metals that contain Tlead or are protected with a lead-containing coating are

heated in the process of welding or cutting, copious quantites of lead in the
respirable size range may be emitted. Under conditions of poor ventilation,
electric arc welding of zinc silicate-coated steel (containing 29 mg Pb/‘i,n2 of
coating) produced breathing-zone concentrations of lead reaching 15,000 pg/m3,
far in excess of 450.pg/m3, the current occupational short-term exposure limit
(STEL) in the United States (Pegues, 1960). Under good ventilation conditions,
a concentration of 140 pg/m3 was measured (Tabershaw et al., 1943).

In a study of salvage workers using oxy-acetylene cutting torches on
lead-painted structural steel under conditions of good ventilation, breathing-
zone concentrations of lead averaged 1200 ug/m3 and ranged as high as 2400
pg/m3 (Rieke, 1969). Lead poisoning in workers dismantling a painted bridge
has been reported by Graben et al. (1978). Fishbein et al. (1978) discuss the
exposure of workers dismantling an elevated subway 1ine in New York City,
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where the lead content of the paint is as great as 40 percent. The authors
report that one cubic millimeter of air can contain 0.05 g lead at the source
of emission. Similarly, Grandjean and Kon (1981) report elevated lead exposures
of welders and other employees in a Baltimore, Maryland shipyard.

7.3.6.3 Exposures_in the Electric Storage Battery Industry-~At all stages in
battery manufacture except for final assembly and finishing, workers are
exposed to high air lead concentrations, particularly Jead oxide dust. For
example, Boscolo et al. (1978) report air lead concentrations of 16-100 pg/m3
in a battery factory in Italy, while values up to 1315 pg/m3 have been measured
by Richter et al. (1979) in an Israeli battery factory. Excessive concentrations,
as great as 5400 yg/ms, have been quoted by WHO (1977). The hazard in plate
casting, which is a molten-metal operation, is from the spillage of dross,
resulting in dusty floors. During oxide mixing, which is probably the most
hazardous occupation, ventilation is needed when the mix is loaded with the
lead oxide powder, and frequently cleanup is necessary to prevent the accumulation
of dust. In the pasting of the plates, either by hand or by machine, the
danger is again from dust which accumulates as the paste dries. The forming
and stacking processes are also dusty, and ventilation is needed there. The
data cited are sufficiently alarming to suggest that respirators must be worn
in most of these operations.

7.3.6.4 Exposures in the Printing Industry--In a printing establishment, the
exposure to Tead i5 probably in direct proportion to the dispersion of lead
oxide dust, secondary to a remelt operation. Brandt and Reichenbach (1943)
have reported on a study in which melting pots were located in a variety of
places where used type was discarded. The pots were maintained at temperatures

 ranging from 268° to 446°C. The highest air Tead concentration recorded was

570 pg/ms. In 1960, Tsuchiya and Harashima (1965) found airborne lead levels

of 30-360 pg/m3 in several print shops in Japan. More recently, Parikh et al.

(1979) reported concentrations approximately 10-30 pg/m3 in five type foundries
in India; these investigators also reported much greater levels, up to 140
pg/ms, in seven battery reconditioning plants. Greene et al. (1979) discuss

the increased risk of cancer to employees in the Government Printing Office.
Excess deaths from myeloma were reported for workers who spent considerable
amounts of time in the composing room, where lead is the principal contaminant.
7.3.6.5 Exposures in Alkyl Lead Manufacture--Workers involved in the manufacture

of both tetraethyl lead and tetramethyl lead, two alkyl lead compounds, are
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exposed to both inorganic and alkyl lead. Some exposure also occurs at the
petroleum refineries where the two compounds are blended into gasoline, but no
sure data are available on these blenders.

The major potential hazard in the manufacture of tetraethyl lead and
tetramethyl Tead is from skin absorption, but this is guarded against by the
use of protective clothing. Linch et al. (1970) found a correlation between
an index of organic plus inorganic lead concentrations in a plant and the rate
of lead excretion in the urine of workers. Significant concentrations of
organic lead in the urine were found in workers involved with tetramethyl lead
and those involved with tetraethyl lead; lead levels in the tetramethyl lead
workers were slightly higher because the reaction between the organic reagent
and lead alloy takes place at a somewhat higher temperature and pressure than
that employed in tetraethyl lead production,

Cope et al. (1979) used personal air samplers to assess exposures of five
alkyl lead workers exposed primarily to tetraethyl lead. Blood and urine
levels were measured over a six-week period. Alkyl lead levels rénged from
1.3 to 1249 ug/mB, while inorganic lead varied from 1.3 to 62.6 pg/ms. There
was no significant correlation between airborne lead (either alkyl or inorganic)
and blood or urine levels. The authors concluded that biological monitoring,
rather than airborne lead monitoring, is a more reliable indicator of potential
exposure probiems.
7.3.6.6 Exposures in Other Occupations--In both the rubber products industry
and the plastics industry there are potentially high exposures to lead. The
potential hazard of the use of lead stearate as a stabilizer in the manufacture
of polyvinyl chloride was noted in the 1971 Annual Report of the British Chief
Inspector of Factories (1972). The inspector stated that the number of reported
cases of lead poisoning in the plastics industry was second only to that in
the lead smelting industry. Scarlato et al. (1969) and Maljkovic (1971) have
reported on other individual cases of exposure. The source of this problem is
the dust that is generated when the lead stearate is milled and mixed with the
polyvinyl chloride and the plasticizer. An encapsulated stabilizer which
greatly reduces the occupational hazard is reported by Fischbein et al. (1982).

Sakurai et al. (1974), in a study of bioindicators of lead exposure,
found ambient air concentrations averaging 58 pg/m3 in the lead covering
department of a rubber hose manufacturing plant. Unfortunately, no ambient

air measurements were taken for other departments or the control group.
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The manufacture of cans with leaded seams may expose workers to elevated
environmental lead levels. Bishop (1980) reports airborne lead concentrations
of 25-800 pg/m3 in several can manufacturing plants in the United Kingdom.
Between 23 percent and 54 percent of the airborne lead was associated with
respirable particles, based on cyclope sampler data.

Firing ranges may be characterized by high airborne lead concentrations,
hence ‘instructors who spend considerable amounts of time in such areas may be
exposed to lead. For example, Smith (1976) reports airborne lead concentrations
of 30-160 pg/m3 at a firing range in the United Kingdom. Anderson et al.
(1977) discuss plumbism in a 17 year old male employee of a New York City
firing range, where airborne lead concentrations as great as 1,000 ug/m3 were
measured during sweeping operations. Another report from the same research
group presents time-weighted average exposures of instructors of 45-300 pg/m3
in three New York City firing ranges (Fishbein et al., 1979).

Removal of leaded paint from walls and 6ther'surfaces in old houses may
pose a health hazard. Feldman (1?78) reports an airborne lead concentration
of 510 pg/m3, after 22 minutes of sanding an outdoor post coated with paint
containing 2.5 mg Pb/cn®. After only five minutes of sanding an indoor window
si11 containing 0.8-0.9 mg Pb/cmz, the air contained 550 pg/ms. Homeowners
who attempt to remove leaded paint themselves may constitute a relatively
large group at risk of excessive lead exposure.

Garage mechanics may be exposed to excessive lead concentrat1ons Clausen
and Rastogi (1977) report airborne lead levels of 0.2-35.5 pg/m in ten garages
in Denmark; the greatest-concentratmon was measured in a paint workshop. Used
motor oils were found to contain 1500-3500 pg Pb/g, while one brand of gear
0il, unused, contained 9280 pug Pb/g. The authors state that absorption through
damaged skin could be an important exposure pathway.

Other occupations involving risk of lead exposure include stained glass
manufacturing and repair, arts and crafts, and soldering and splicing.

7.4 SUMMARY

This chapter has reviewed the available information on lead concentrations
in various environmental media which may result in lead exposure in populations.
The first half of the chapter discusses ambient lead levels in air, soil, and

vegetation. These data have generally not been obtained in conjunction with
é;ihuman exposure or epidemiologic information, and serve only to provide estimates
E%?f environmental lead levels. The second half of the chapter presents information
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on several categories of sources of potential lead exposure in humans. Included
are mobile source emissions, stationary source emissions, dietary intake, lead
in manmade materials, lead in soil and dust, and occupatioﬁa] exposures. . Each
section of the chapter will now be briefly summarized.

Ambient airborne lead toncentrations have shown no marked tvend from 1965
to 1977. Over the past five years, however, distinct decreases have occurred.
These decreases reflect the smaller lead emissions from mobile sources in
recent years. Airborne size distribution data indicate that most of the
airborne lead mass is found in submicron particles. Application of respiratory
deposition curves to these distributions suggests that a significant fraction
of airborne lead mass can reach the lower lungs. Our understanding of vertical
gradients of airborne lead is poor: data in the literature are inconsistent
with respect to changes in airborne lead concentration with height. Mobile
source studies have shown elevated lead concentrations in air, soil, and
vegetation near heavily traveled roads. The amounts of lead in these environmental
media are functions of distance from the road, traffic density, vehicle speed,
atmospheric stability, windspeed, and wind direction. Persons spending con-
siderable time in the vicinity of heavily traveled roads may experience increased
lead exposure compared to the general population.

Point source studies have shown that environmental lead concentratijons
increase as one approaches a smelter, battery plant, or other lead emission
source. Persons living in the vicinity of such a source may experience sig-
nificant lead exposure. Families having at least one individual employed at
or near this type of source may receive additional exposure, due primarily to
lead-bearing dust carried home air, skin, and clothing.

Most people receive the largest portion of their lead intake through
foods. Unprocessed foods such as fresh fruits and vegetables receive lead by
atmospheric deposition as well as uptake from soil; crops grown near heavily
traveled roads generally have greater lead levels than those grown at greater
distances from traffic. For many crops, the edible internal portions of the
plant (e.g. kernals of corn and wheat) have considerably less lead than the
outer more exposed parts such as stems, leaves, and husks. Processed foods
have greater lead concentrations than unprocessed foods, due to Tead inadvertantly
added during processing. Foods packaged in soldered cans have much greater
lead levels than foods packaged in other types of containers. Lead in inadequately
glazed pottery may also be leached into foods, occasionally causing high
exposures.
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Significant amounts of lead in drinking water can result from contamination
at the water source and from the use of lead plumbing in the water distribution
system. Atmospheric deposition has been s?own to increase lead levels in
rivers, reservoirs, and other sources of drinking water; in many areas, however,
lead pipes pose @ more serious problem. Soft, acidic water in homes with lead
plumbing may have excessive lead concentrations. Besides direct consumption
of the water, exposure may occur when vegetables and other foods are cooked in
water containing Tlead.

A number of manmade materials are known to contain lead, the most important
being paint and plastics. Lead-based paints, although no longer used, are a
major problem in older homes. Small children who ingest paint flakes can
receive excessive lead exposure. Incineration of plastics may emit large
amounts of lead into the atmosphere. Because of the increasing use of plastics,
this source is likely to become more important. Other manmade materials
containing lead include colored dyes, cosmetic products, candle wicks, and
products made of pewter and silver.

A1l of the categories of potential lead exposure discussed above may
influence or be influenced by dust and soil. For example, lead in street dust
is derived primarily from vehicular emissions, while leaded house dust may
originate from nearby stationary or mobile sources. Food and water may include
lead adsorbed from soil as well as deposited atmospheric material. Flaking
lead-based paint has been shown to increase soil lead levels. Natural concen-
trations of lead in soil average approximately 15 pg/g; this natural lead, in
addition to authropogenic lead emissions, influences human exposure.

The final section of the chapter concerns occupational exposure to lead.
The greatest exposures are found in the lead smelting and refining industries.
Excessive airborne lead concentrations and dust lead levels are occasionally
found in primary and secondary smelters; smaller exposures are associated with
mining and processing of the lead ores. Welding and cutting of metal surfaces
coated with lead-based paint may aiso result in excessive exposure. Other
occupations with potentially high exposures to lead include the manufacture of
lead storage batteries, printing equipment, alkyl lead, rubber products,
plastics, and cans; individuals removing lead paint from walls and those who
work in indoor firing ranges may also be exposed to lead.

On the basis of the published studies summarized in this chapter, it is
apparent that the total exposure to lead for the general population depends
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upon the contributions from several pathways. The amount of airborne lead
inhaled, the amount of lead ingested from food, water, dust, and manmade
materials, and the absorption of this lead into the body are important factors.
Drill et al, (1979) used typical lead concentrations in various media, with
estimates of human intake and absorption factors, to determine the contribution
to total lead absorbed in urban children from each of several exposure pathways.
The technique was applied by the Committee on Lead in the Human Environment,
National Research Council (1980) to estimate lead absorption for four subsets
of the general population: children with pica and an accessible source of
lead-based paint, children without pica, urban adults who smoke cigarettes,
and rural nonsmoking adults. The results of these calculations are shown in
Table 7-22. Note that ingestion of leaded paint is by far the most important
exposure pathway for children in the first category; ingestion of food dominates
for the other three populations. It is important to recognize that a certain
fraction of the lead in food may result from lead-containing particles which
have settled from the atmosphere,'hence airborne lead may have a significant
effect on total lead exposure. Of course, the values in Table 7-22 are only
rough estimates. Environmental Jead concentrations, amounts consumed, and
absorption factors can vary markedly from individual to individual. (For
example, note that the dietary contributions in the table are somewhat smaller
than the estimates given in Section 7.3.3.) Because the emissions of lead
from motor vehicles have decreased over the past several years, it is Tikely
that the exposures in some categories of Table 7-22 may be greater than typical
current exposures.

‘ It is apparent that lead exposures of children can be considerably greater
than those of adults. The second national Health and Nutrition Examination
Survey (HANES II) shows that blood Tead levels generally decline during pre-school
years. This may be due to decreased mouthing of non-food objects and dgcreased
hand-to-mouth activity, as well as physiological changes. The latter include
a decrease in basal metabolism rate with age (resulting in smaller amounts of
air, food, and water consumed per unit body weight) and reduced gastrointestinal
tract absorption (Mahaffey et al., 1979). The fact that children are exposed
to greater amounts of lead than adults, combined with the greater sensitivity
of children to the effects of lead (Needleman and Landrigan, 1981), suggest
that child exposures via all major pathways merit considerable attention.
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For perspective, the environmental concentrations in Table 7-22 can be
compared with estimated levels during natural, pre-industrial conditions.
Such information is shown in Table 7-22. Note the wide concentration ranges,
attributed to actual variation within each category as well as overall un-
certainties in the estimates.

It is apparent from Tables 7-22 and 7-23 that the greatest increase in
human exposure to lead since pre-industrial times has occurred in the food
category. Unfortunately, the food concentrations given in Table 7-22 vary
over three orders of magnitude; obtaining a quantitative estimate of the
increase relative to natural exposures is difficult. Nevertheless, the natural
concentration estimates suggest that modern lead exposures are considerably
greater than pre-industrial exposures, a conclusion in agreement with the
retrospective studies discussed earlier in the chapter.
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