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INTRODUCTION

Environmental exposure tv lcud hus long been recognized as a public heaith
problem particularly among children. The vuinerability of the age group | to 5
years to soil lcud is enhanced because of their hand to mouth acuvitics, pica, and
a high rate of intestinal absorption. Excessive concentration of lead in soil has
been shown to Increase lead levels in children (Lin-Fu, 1973a, b; Mielke et ul.,
1983; Duggan and Williams, 1977; Brunekreef ¢ al., 1981; Rocls ef al., {980;
Schmitt er al., 1979). As a result, there has been an increasing awareness for the
nced Lo monitor fead leveis in soil and 1o control soil lead contamination by
maintaining a ‘‘safe’’ level. Given the widespread presence of lead in urban svil,
reduction of lead to background uncontaminated levels is not pussibic (Nutivnal
Academy of Sciences, 1980). The major focus of this report is 10 propose a “*safe’”
or permissible level of lcad in soil in highly urbanized areas, below which potential
adversc health effects will be minimized.

. : BACKGROUND

4 Environmental Assessment

b Soil lead contamination hay been attributed to various sources (American Acad-
r emy of Pediatrics, 1985). Flaking lead paint, particularly in and around houses or
’; buildings has been considered as a major source of contamiination. Air-borne lead
!i particles deposited in soil is another important source. Emissions fruin industnicy,

from incinerators and similar sources, and from vchicular traffic usihg leaded
‘ gasoline contribute tu soll lewd content. Urban envifonments receive a higher
deposition of lead from vehicular emissions than rural arcas. Furthetmore, lead

i concentrmtion in urban soils are not evenly distributed (Mielke ez al., 1983).
In gencral, lcad tends 10 remain at the surface soil and concentrutions arc lower
at deeper layers. Lead-contaminated suil und dust huve boon identifled as impor-
l tant sources of exposure for children especiully in an urban setting (Duggan and
, Williams, 1977). Wide variations in soil lead levels have been observed. Studies
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have reported values ranging from Icxs than 100 ppm 0 welt gver 11,000 ppm
(National Acudemy of Sciences, 1980). In 4 recent study in Baltimore, the lead
levels in garden soil samples ranged fiom 1.0 ppm 0 over 10,000 ppm with a
median of 100 ppm (Miclke et al., 1983). Spittler and his co-workers did a similar
study on garden suit in Boston (Spitller and Feder, 1979). Soil lcad Ievels were
higher in inner-citics and ncar roadways. Also, front yards of homes facing road-
ways had higher iead contamination than backyards. Automobile and industrial
emissions have been found 10 be mainly responsgible for increase in urban son Jcad
levels.

Health Effects

Severe lcad loxicily ofien causes encephalopathy. Prevention of thiy scrious
sequelae of lend poisoning way a major focus in the 1960s (Mahuffey, 1983).
During the 1970s, recognition of chronic exposure of lead and its cumulative effect
shifted the emphasis 1o the undersianding of the adverse effects of low levels of
lcad [ntoxication. The study by Needieman ef al. (1979) showed a positive rela-
tionship of lead in shed milk teeth with poor ratings from classroom behavior.
These findings supported the *'no threshold'’ view and also indicated the need for
more attention 1o be given to cumulative adverse effects of lead at low levels of
intake. A rccent study in Bosion (Bellinger ef al.. 1987) emphasized this view with
its findings on fetal lead exposure associated with retardation of mentai develop-
ment.

The blood load concentration has been generally accepted as the best measure
of the external dose of lead (National Academy of Sciences, 1980), although it is
not coasidored as a reliable index of past absorption or of toxicity per se. How-
ever, Needleman er al. (1979) had observed that children with higher tooth lead
lavels tended to have had higher biood lead levels previously (4 or 5 years priot to
tooth shedding).

in recent years, progress has been made in achicving the goal to remove icad
from the environment of children before it enters their bodies. The Second Na-
tional Health and Nutrition Examination Survey (NHANES-II) has eswablished
average blood lead levels for the U.S. popuiation (Mahaffey er al., (982). These
data demonstrated that urbanization was ussociuted with un increasefl blood levei.
Lead levels {n blacks were on an average 6 ug/dl hifher than those in whites. The
lowest blood lead associated with adverse biological effects has been observed to
be 10 pg/dl (Minnesota Department of licaith, 1984). ALAD (A-aminolevuiinic
acid dehydratase) inhibition is associated with this {ow ievel. Morc scrious con-
ditions such as anemia and neurologic effects occur at higher leveis of blood lead
slevation.

Leaded gasoline makes & substantial contribution to soil and dust lead levels
(Caprio et al., 1974). The reduction of lead in gasoline and removal of lead in paint
for residential areas have been primarily responsible for a decline in the averags
blood lead levels in children on a national basis. 1n areas with very high soncen-
trations of lead in soil and dust, large-scale cleanup operations ~
of the population will be the ideal remedial actions to protect «
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lcad cxposure, Such responsibilities for regutating lead exposure include the sct-
ting up of acceptabic lcvels uf lead in soii by governmont agencics.

MATERIALS AND METHODS

Scveral studies have found that lcad in soll Is positively correlated with bluod
lead in children (Brunekreef, 1981; Roels ef al., 1980; Schmitt er alf., 1979). The
U.§. Environmentat Proteciion Agency (EPA) estimated the blood lead soil slope
as ranging from 0.6 to 6.8 ug/di per 1000 pw/g of suif fead concentration (U.S.
Environmentai Protection Agency, 1983). Available data on the cstimates of the
amount ol suil ingested by children showed 100-fold variation and werc not con-
sidered usefui in deriving a “"safe’ soil level (Binder er al., 1986; Clausing ¢r al.,
1987: Hawiey, 1985).

Duggan (1980) did an assessment of the relationship of blood lead und lcud in
soil/dust, based on 21 samples out of nine studios, which had data permitting a
quantitative estimation of the blood lead slope. His estimnto wuy un increment of
5 ug/d] of blood lead per 1000 ppm of lead in soil. These studies varied a greut deal
in the type of soil und the study population. Soil or dust source included various
types such as boot tray dust, housc dust, outdoor dust, playground dust, and soil.
Most of these studies were on children under 3 years of age, a few on older
children up to 14 years, and one on a mixed popuiation of udulty und children. The
bluod leud slopes, computed by Duggan for all 2! samples, were availablc, ranging
from 0.6 pg/dl to 65 pg/dl per 1000 ppm of lead in soil.

We based our analysis on 8 of Duggan's 21 slope estimatcs, We sclected these
B slopes because soil was the only source of lead, not house dust, ctc., and only
blood levels from children under 12 years, the most susceptible group 1o lead
toxicity, were used (o derive the slopes.

RESULTS AND DISCUSSION

The results of limited soil sampling in New Jersey found that median valucs of
lead in surface soil sampies from different areas in Now Jerscy varied frotn 4 ppm
to 1245 ppm (New Jersey State Dopartment of Health, 1985). The overull inedian
levels were 238 und 73 ppin for suspected coutaminated and control sites, respec-
tively. Newark had the highest median of 1245 ppm followed by Jersey City (668
ppm), Sccaucus (495 ppm), and othertowns with levels beluw 400 ppm. Sampics
from areas ia Princeton and Flemington were below 100 ppm. As observed in
carfier studies, front ynrds of homes in Newark had a higher level (1733 ppm) than
backyards (1060 ppm). .

Table | shows the siopes ranging from 0.6 to 65 pg/dl per 1000 ppm of the eight
studies solected to derive an acceptable level for lead in soil. As lead levels in
blood are known 10 be distributed lognormaily, and the range for siopes (0.6-65.0
wa/dl) is very wide, analysis was done on base 10 log transformations uf the
slopes. Tho mean of the base 10 logs is 0.5321 with a standard error of 0.2433.
Transforming back, the gcomotric incan and the geometric standard error of the
slopes is 3.41 = 1.73 pg/dl. Applying the *‘worst-case’” or upper-limit analysis to
the base 10 logs, the one-taiied 95% upper confidence limit equals 0.5321 + 1.6
X 0,2435 = 0.9339 (American Industrial Health Council, 1985; Wilson and
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TABLE |
Data REaring TO LEBAD IN BLoOD wrtu Loao v Son”
Number Age of
of persons peryons Slops
Author and reforence in siudy (years) (g/dV1000 ppmy
Angle er of () 15 -5 65.0
Angle ¢ al. (i) 25 10-12 150
Rarlirop er al. 2 : 0.6
Galke s ai. (i} 187 upto § 33
Ualke o/ al. (1) i upto S 1.6
Shellshear e al, 8 1-$ 19
Yonkel e al. (i) 116 1-9 0.8
Yankel er af. (i) 149 =3 2.5

* Source: Duggan (1980).

Crouch, 1982). Transforming back, the antilog is 0.9339-8.5877 ng/dl per 1000
ppm of lcad in soil. This slope corresponds to the worst case situation.

Using the slope 8.59 ng/dl, soil concentrations have been calculated for differ-
ent amounts of blood lead contributed from soil, as shown in Table 2. Having
computed the soil concentration for different amounts of blood lead contributed
through soil, the next important consideration is the choice of the permissible
amount of blood lead fvom soil. The soil lead concentrution corresponding o thiy
blood lead level would be the suggesicd load permissible level. Keeping in mind
the background level of blood lead for children under 12 years, the ideal situation
would be to have no increment in biood lead level contributed from soil. This
stringent condition dcmands a zero level concentration of lead in soil. Looking at
estimates of 20il lead levels available from various studies in the United Stuteys und
clsewhere, one realizes thut (o bring duwn the Jead concentrution to zero would be
an impractical task. As shown in Table 2, even for | pg/dl of blood lead from soil,
the soil concentration has 10 be around 100 ppm. If 5 1g/dl of blood lead is chosen
as a tolerable level, the corresponding soil concentraton is 582 ppm, rounded off
1o a figure of 600 ppm. With a suggested permissible level of 600 ppm, it can be
stated with reusonuble cortainty that this soil concentration will contribute no
morc than $ pg/dl to blood lead for children under 12 years. The selection of §

TABLE 2
Laap ConcentRATION IN SOIL 3Y BLOOD Liap CorTrsyron rroM SoiL
Blood lcad Soll conceatration (ppm)
from soil* ol 959% upper coafldencs
(npdl) limie of 8.59 ug/dl 1000 ppm

1 1146

3 m

10 1164

15 1748

2 328

25 10

* In addition tn background lavel,
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ug/dl ts somewhat arbitrary. The median blood lead of children 6 months to §
years between 1976 and 1980 was reporicd to be 16 pg/dl for whites and 20 ug/dl

for blacks. Since lead accumulates there 18 no absulutely *‘tolerable” Increasc of LC
biood level. Aliowing an increasc of 5 ug/dl above the median level is probably not child
advisable. The national median levels, however, are probably panially attribut- fects
able to soil contaminauon. Table 2 therefore neceds to be used as a guidcline 10 the ident
upper limit of accumulation not us a standurd which if met guarantees absolute on b
safety. perm
This suggcsted level of 600 ppm lies within the range given by the Center for that

Disease Control (1985) in the following statement: Inso

“*In general, iead In 3oil and dust appears 10 bC mpomi'ble fur bloodl lead level in children Pnlo::

increaning above background level when the concentruion in the soil or dust excocds 500- .

1000 ppm.** in so

A similar analysis was done by the EPA. (U.S, EPA, 1983). In thut analysis the
value of 65 .g/dV1000 ppm from one study (Angle, sece Table 1} was not included.

Eliminating this outlier would change the 95% upper confidence limit of the slope L Tg‘}‘
from 8.59 that we used, (o 4.52 ug/dI/1000 ppm. This would approximatcly double 0,'“0:
the soil leveis presonted in Table 2. Eliminating the upper and lower outlicrs in umm
Table | would not appreciably change the slopc or values in Table 2. Because of 1 Julie
the uncertzinly involved in selecting a ‘‘safe’ level wo do not feel that it is

warranicd Lo exclude the data at cither extreme.

Furthermore, it is important to keep in mind that exposure of children to lcad- Amecr
contaminated soil or dust is enhanced when they play on nongrassy surfaces than ] ps
on grass-covered areas (Lewis and Clark County Health Depariment er al., §986), \ Amen
» scenario similar to the vulnerability of children exhibiting mouthing behavior. g’

In conclusion, maximum permissible levels of lead in soif’have becn recom- Bettioy
mended by the New Jorsey State Depanument of Health, bused on the dose- Y an
response rejationship of lead in s0il and blood lead in children as follows: i BmoH

&t

1. A maximum permissible level of 250 ppm of lead in soil s recommended in $ in

areas without grass cover and repeatedly used by children below 5 years of age Brune:
- among whom mouthing objects is highly prevalent. This level may add at the most kl
about 2 uy/dl to the blood Icad levei of children. Capno

2. A maximum permissible level of 600 ppm of lcud in md is recommended in l i
arcas repeatedly used by children below )2 years of age. This level may add at the Cente:
most 5 ug/dl to blood lead leve] uf children. mt

3. A maximum permissible level of 1000 ppm of lead in soil is recommended in C"'“','"

N areas such as industrisl purks or along strects and highways or in other areas Dul:m
: infrequented by children. Although these areas are not expected to be places ¥
G where children play, we do not feel that this can always be sssured. Additionally, Duggu:
! we are concerned about migration of fead off these sites on the footwear or clothes Er
| Howie

The Department of Health also recommends that municipalitics shoul consider "‘“’;'c
the passage of Jocai ordinances prohibiting the development of residential areas in U
lead-contaminated soil uniess the lead soli concentravon is reduced to the appro- (s

priate maximum pormissibie level. h
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SUMMARY

Lead in soil has been recognized as a public health probtem, panicularly among
children. In recent years, attention has been direcied 10 cumulative adverse ef-
fects of lead at low levely of inske. Lead-contaminated sotl and dust have been
identified as impurtant contributors 1o blood icad levels. Based on avaitable data
on blood lead and lead in soii, an approach huy boen developed to suggest a
permissible level of lcad in soil, below which there will be reasonable certainty
that adverse health cffects will not occur. An accepuable level of 600 ppm of lead
in soil suggcsted as & ‘‘safe’” Icvel would contribute no more than $ pg/dl to total
blood lead of children under {2 years of age. Maximum permissible levels of lead
in soil have boen recommended bascd on the dose-response relationship of lead
in soil and blood lead in children.

ACKNOWLEDGMENTS

The avthois thanh, Dr, Philip ). Landrigan, Mount Sinai School of Medicine, New York, Dr. Herbert
L. Needieman, Children's Hospital of Pittsburgh, Dr. Warren A, Gaike, Los Aiamoy National Lab-
orstory Los Alamos, and Di, Vernon Houk, Ceniers for Dissass Control, Avanta, for thar review and
comments on an earfier version of 1his paper. We wish 10 capress our appreciation 10 Angels Gilbart,
Julie Pcuix, and Jos Rizzo for their assistanco in fleid work und data collaction.

REFERENCES

American Academy of Pedlatrics. (1985) A Sustement on Childhood Laad Poisoning.”' Drafl pre.
pared by Commitise on Environmental Hazards.

Amcrican Indusirial Health Council. (1989). “‘Proposais to improve Scientific Risk Asscssineat for
Cheenical Carcinogenesis. Dose Rospouse Evaluation and Charscisrtztion of Risk,”” pp. 33=38.
Scisatific working paper by American Indusirial Health Council, Washingion, DC. -

Dellingsr, D., Laviton, A., Wateraaua, C., Newdlemua, H., and Rabinowitz, M. (1967). Loagitudioal
analysis of prenatal and postantal lcad sxpusure und early cognitive development, N, Engl. /.
Med, 116, 1037=1041.

Bluder, 8., Sukel, D., sod Maughan, D. (1986). Extimating so0il ingostion: '[he tse of tracer alements
in estimating the amount of voll iugested by young children. Arck. Envivon. ifeeith 41, 341345,

Brunskrect, B., Vosatrn, 8. 1., Blorvicker, K., and Boley, J. S. M. (1981). The Arnkem lead sudy.
1. Lead cpiake by - (0 S-yeurold children living (a the vicially of & socondary icad smelter in
Arabom, The Netheriands, Anwiron. Res. 15, 641-448. . -

Caprie, R. J.. Mergulls, . L... and Josslow, M. M. (1974). Lead sbsurpuon in childsen and its reia-
tonahip tw uwroun ynillc denadties, Arch. Environ. Hesith 38,7195=191,

Consets for Disssse Cuairul. (1983). “'Preveating Lead Poisoning in Young Children.” U.S. Depart-
mont of Hoalth and Human Services, Atlania, OA.

Clausing, P., Brusskroef, B., and van Wijnen, ). H. (1987). A method for estimating ol ingostion by
children. Jm, Arch, Occup. Baviron. Health 59, TS42.

Duggan, M. J. (1900), “Laead in Urban Dust: An Assessment, Waler, Air and Soll Poltution,”* pp.
309-321. Reidel, Boston,

Duggan, M. 1., amd Willlame, &. (1977), ""Lead-in-Dust in City Streets. The Scianos of the Totat
Eavironment,'* Vol. 7, pp. 9#1-#7. Elsevier Scicatific, Amstondam.

liawiey, J. l.(l”).o\umdhdthmkﬁwmwmaﬁl Risk Ansi. 3,
.

Lowis and Clark Couaty Hoalth Departement, Montana Department of Health and Envirosmenial
Solsaces, Conter for Bnvironmental Health, Centars for Disonss Control; Public Health Service,
U.S. Depaniment of Health ssd Humsn Servicss, and U.3. Bavirosmental Frotection Ageacy
(1996). *‘East Helons, Montana Child Laad Study, Summer 1983. Final Report, 36."



142 MADHAVAN, ROSENMAN, AND SHEHATA

Lin-i"a, ). S. (1973a). Vulnerabiiity of children w lead exposure and toxicity. Part | N Engi. /. Med.
289, 12291113,

Lin-Pu, J. §. (1973b). Yulnembiity of children (0 lead exposure and toxicity. Part 2. N. Engl. /. Med.
W9, 1289-1291.

Mahaftey, K. R. (1983). Sources of lead in the urban environment. 4mer. 7. Public Mewich 73, 1137=
1358,

Muahaifey, K. R., Annest, J. L., Robens, J., Murphy, R. 8. (1982). National estimates of blood lesd
levels: Linited Slates, 1976=1980. Associztion with sciecied demogruphic aad suciveconotic fau-
tore. N. Engl. J. Mcd. W07, STASTO.

Mielke, H. W., Anderson, J. C., Bemry, K. J., Miclke, P. W., Chaney, R. L., und Leouh, M. (198)).
Lead concentrations In inner-city soils sa » facter in the child lead problem. Amer. J. Public
Health 13, 1166-1349,

Minnosota Depariment of Heahh, Division of Maternal and Child Hewhh Scrvices, (1984). Lewd
Bxposure and the Health Effects on Chlldren.’* Ropon to the Minnesus Legislatwe.

National Academy of Sciences. (1960). *'Lead in the Human Bnvirunment.’' Report preparod by the
Commitice on Lesd in the Humuen Environment, National Roscarch Council. Nad. Acad. Press,
Washington, DC.

Needleman, H. L., Gunnoo, C., Leviton. A., Reed, R., Pereste. H., Moher. G., and Burrett, . (1979,
Deficits in prychologic and clasaroom performance of children with clcvated dentine leal leveis.
N. Engl. J. Med, Y00, 689=583,

New Jorsey Statc Department of Health, Division of Occupational and Environmeniai Healtr. (19583).
Unpublishod dats on lcad in soil,

Roels, H. A., Buchet, J. P., Lauwerys, R. R., Brusux, P., Clugys-Thurcsu, P., Laloutsine, A., and
Verduyn, Q. (1980). Exposure o lead by the orsl and the pulmonary toutes of children living in
the vicinity of & primary icad smelier. Environ. Res. 12, $1-94,

Schmiit, N., Phrilioa, ). )., Larsen, A. A., Haraadek, M., and Lynch, A. J. (1979). Surface soil as &
potenual 1ource of lead sxposure for young children. CMA J. 121, 1474-1478.

Spitor, T. M., and Foder, W. A. (1979). A study of soil contminstion sud piam lead upiake in
Boalon urban gardens. Commuen. Solf Sel. Plant Ansl. 10, 1195-1210,

U.S. Bnviroamsntal Protection Agency, Office of Research and Development. (1983). "Alr Qualtty
Critoria for Lead,”” Vol. §. EPA Report No. BPA-600B-33-028A. U.5. EPA, Research Triangle
Park, NC.

Wiisoa, X., and Crouch, B. (1982). Risk/Beoefit Analysis,”’ pp. 61-63. Ballinger, Cambridge, MA.




